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Geography, climate and population 

Singapore, consisting of one main 
island and several islets, is situated 
a t the sou them tip of the Malay 
Peninsula. It has an area of 584 
square kilometres wi th a tropical 
climate (temperature: mean maxi
mum, 31°C; mean minimum, 24°C; 

Table 1 HBV related problems in Singapore 

Carriers overall rate 5%; 1.2 x lOs carriers 

Acute hepatitis 24 - 46 per lOs per year; 46% HBV 

Chroriic hepa tit is/ cirrhosis 400 - 500 discharges per year 

Primary liver cancer male - 28.7 per lOS per year 

female - 7.4 per lOS per year 

mean relative humidity, 74 per 
cent) and annual rainfall of 228 
centimetres. The population of 2.3 Table 2 HBsAg carrier rates (%) among different ethnic groups in Singapore 
million is rela tively young (mean age, 
19.7 years) and is made up of three 
main ethnic groups: Chinese (76%), 
Malays (15%) and Indians (7%). 

Blood donors 

(Males) 

Pregnant 

women 

Problems of HBV infection 

Hepatitis B virus (HBV) infection 
is endemic in Singapore. The pre
valence 0 f some 0 f the known 
HBV-related diseases is listed in 
Table 1. 

HBsAg carriers 

The HBsAg carrier rate is highest 
'? 	 among the Chinese, followed by the 

Malays and then the Indians (Table 
2).1,2 This differential rate is seen 
both in males as well as in females, 
although males have a higher rate 
within each ethnic group. 

Age specific prevalence 0 f HB V 
markers 

A total of 569 normal adults 
(voluntary screening programme) 
and 272 children aged between one 
and 12 years, who had been ad
mitted to a major paediatric ward 

Chinese 13.6 6.2 

Malay 7.3 2.3 

Indian 6.0 0.6 

for illnesses not associated with the 
liver, were screened for HBsAg, 
anti-HBs and anti-HBc markers .3 

The frequency of HBsAg (Fig. 1) 
was highest among the paediatric 
age group (12%), followed by a 
drop in the teenage group, and a 
slow rise subsequently peaking in 
the 40-49-year age group (8.5%). 
Care had to be exercised in the in
terpretation of the 13-19 and> 50 
age groups because of the relatively 
small number of subjects within 
these groups. On the other hand, 
the frequency of anti-HBs and anti
HBc (Fig. 1) showed a progressive 
rise with age reaching about 50 
per cent in the 40-49-year age 

group and 100 per cent in the 
> 60-year group. The data suggest
ed that HBV infection in Singapore 
starts early in life, giving rise to 
particularly high carrier rates, and 
that HBV infection continues into 
adult life with a progressive acquisi
tion 'of HBV markers with age. The 
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data also suggested that the popula
tion is constantly being exposed to 
HBV and that most of the infec
tions are subclinical. 

Perinatal transmission 

A study of maternal-infant trans
mission of HBV was conducted in 
Singapore between June 1980 and 
June 1982.4 A total of 58 HBsAg 
carrier mothers were studied at deli
very from whom 56 infants were 
followed for one year or longer. 
Overall HBV transmission occurr
ed in 27 out of 56 (48%). Trans
mission in the majority of cases 
was perinatal (84%); intrauterine 
infection and infection after the 
perinatal period each accounted for 
8 per cent of the cases. The perina
tal transmission rate was higher 
among Chinese (49%) than non
Chinese (29%). 

There was a very strong correla
tion between HBY transmission and 
the HBeAg status of the mother (p = 
1.85 x 10-9 

; odd ratio =68) and to 
a lesser extent with high titre 
HBsAg (CIE positive; p = 0.002; 
odd ratio = 6.4). A strong negative 
correlation was seen between trans
mission and anti-HBe (p =8 x 10-7 ; 

_ HBsAg D Anti-HBs lIm Anti-HBc 
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Age Group (yrs.) 

Fig. 1 Age specific prevalence of HBV markers in Singapore 
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odd ratio = 0 .04). 
Of the 27 HBY transmissions, 

19 infants were still HBsAg positive 
a t one year of age, seven lost their 
antigenaemia status and acquired 
anti-HBs and one developed HBsAg 
after one year. 

It could be calculated that with 
a carrier rate of 4.4 per cent among 
pregnant mothers and a stable in
fant HBsAg carrier rate of 34 per 
cent (19/56) from these carrier 
mothers, the contribution of mater
nal-infant HBV transmission to the 
HBsAg carrier rate of one-year-old 
children would be 1.5 per cent (34% 
of 4.4%). The HBsAg carrier rate of 
children between one month and 
one year of age admitted to a major 
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paediatric unit for illnesses other 
than those associated with the liver 
was 6.5 per cent. 3 If bias due to 
major illnesses in these children 
could be ignored, it could be cal
culated that perinatal transmission 
accounted for 23 per cent (H x 
100%) of the carrier rate at one 
year; therefore, about 77 per cent 
of the carriers must have been in
fected horizontally, most likely at 
this age to be infected by members 
of the family other than the 
mother. 

Acute viral hepatitis 

The prevalence of acute viral he
patitis is between 24 and 46 per 
100,000 per year and HBV is res
ponsible for about half of these in
fections. s The attack rate of hepa
titis due to HBV appears to be 
highest among Indians followed by 
Chinese and Malays (Table 3).6 

HBY and liver diseases 

The frequency of HBsAg was 
significantly higher among patients 
with primary liver cancer (64%), 
chronic hepatitis (63%) and non
alcoholic cirrhosis (32%) compared 
with the normal population (5%; 
Table 4). On the other hand, the 
frequency of HBsAg among pa
tients with alcoholic cirrhosis was 
not significantly elevated. Similarly, 
the frequency of anti-HBc was sig
nificantly higher in cases of primary 
liver cancer and chronic hepatitis 
compared with the normal popula
tion (Table 5). 

) 
Primary liver cancer 

Pa tien ts wi th primary liver can-

Table 3 HBV infection, carrier status and primary liver cancer 

0*1 liver cancer HBsAg carriers Perinatal **Acute HBV 
M F M F transmission hepatitis 

Chinese 29.8 7.5 13.6 6 .2 45% 10.7 
Malay 14.4 4.7 7.3 2.3 4.8 

29%
Indian 12.9 3.2 6.0 0.6 14.4 

* Age standardised rate fer lOS per year 
** Morbidity rate per 10 population 

\ 
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Table 4 Prevalence of HBsAg in patien ts with liver diseases and normal controls 

in Singapore 

No. tested No. positive 

Primary liver cancer 187 119 (64) 
Chronic hepatitis 48 30 (63) 
Non-alcoholic cirrhosis 87 28 (32) 
Alcoholic cirrhosis 24 3 (13) 
Acute hepatitis 67 33 (49) 

First-time blood donors & laboratory workers (males) 245 30 (12) 
Hospital staff (screening programme) 569 23 ( 4) 
Pregnant mothers 2273 101 ( 4) 

Total 3087 154 ( 5) 

Figures in parentheses depict percentage 

Table 5 Prevalence of anti-HBc among liver disease patients and healthy subjects 

(Tested by RIA, ELISA) 

No. tested No. positive 

f 
Primary liver cancer 

Chronic hepatitis 

18 

40 

17 (94) 

37 (93) 

First-time blood donors & laboratory workers (males) 

Hospital staff (screening programme) 

52 

453 

14 (27) 

135 (30) 

Figures in parentheses depict percentage 

Table 6 HBY markers in primary liver cancer, cirrhosis and normal controls 

HBsAg Anti-HBs Anti-HBc Any markers 

" 

Primary liver cancer 

Non-alcoholic cirrhosis 

119/187 

(63.6) 

28/87 

(32.2) 

Normal controls 23/569 

(4.0) 

Difference between HCC 

and normal controls 

p < .0001 

Relative risk 41.5 

20/48 

( 41.7) 

16/81 

(93.8) 

30/30 

(100) 

3/8 

(37.5) 

58/69 

(84.1) 

171/564 

(30.3) 

NS 

182/568 

(32.0) 

P < .0001 

207/564 

(36.7) 

P < .0001 

32.2 00 

Figures in parentheses depict percentage 

cer have a significantly higher fre- liver cancer patients tested showed 
~ quency of HBsAg and anti-HBc evidence of HBV infection (any 

than normal controls (Table 6). All HBV marker being positive) com

pared with 36.7 per cent of the 
normal population (p < 0.000 I). 
On the other hand, the frequency 
of anti-HBs, the protective anti
body against HBV, was not signifi
cantly elevated among liver cancer 
patients. 

(i) Relationship between HBsAg 
and liver cancer among different 
ethnic groups 

The age-standardized incidence 
of primary liver cancer is highest 
among Chinese followed by Malays 
and Indians; within each ethnic 
group, there is a male predomi
nance. The HBsAg carrier frequen
cies of both males and females in 
these ethnic groups appear to pa
rallel the liver cancer incidence of 
the respective ethnic group. Figure 
2 shows the relationship between 
the prevalence of HBsAg and the 
.incidence of primary liver cancer 
among the Chinese, Malay and In
dian ethnic groups, divided in to 
both males and females. There is 
a remarkable correlation between 
the HBsAg carrier and primary liver 
cancer rates among both males and 
females. For males, the equation is 
Y = -1.53 + 2.29X (r2 = .99); for 
females, Y = 2.83 + .76X (r2 = .99). 
The effect of HBsAg appears to be 
stronger in males than in females; 
for every unit increase in the 
HBsAg carrier ra te, the correspond
ing increase in the incidence of pri
mary liver cancer is 2.29 per lOS 
per year in males and only 0.76 per 
lOs per year in females. If HBV is 
one of the aetiological agents for 
primary liver cancer, a direct in
ference from this data .is that if the 
carrier rate can be reduced (e.g. by 
vaccination) we may expect a drop 
in the incidence of liver cancer and 
this reduction can be expected to 
be more marked among males. 

(ii) Relationship between types of 
HBV transmission and HBsAg car
rier rates among different ethnic 
groups 

Since there is such a remarkable 
correlation between. HBsAg carrier 
rates and the incidence of primary 
liver cancer among different ethnic 
groups in Singapore, it may be 
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HBsAg Carrier Prevalence in Various Normal Ethnic Groups 

Fig. 2 Relationship between incidence of HBsAg and primary liver cancer among 
different ethnic groups. (LC =liver cancer) 

Table 7 On·going projects on HBV in Singapore 

Prospective study on carriers and developmen t of liver diseases including HCC 

- Phoon, W.O. 

Prospective studies on prevention of HBV infection, carrier status and liver dis

eases adults and children by the use of HBV vaccines 

- Oon, C.J. 

Large scale production of HBV vaccine 

Production of reagents for HBV testing 

- Oon, C.1. 

argued that the important type of three ethnic groups. The generation 
HBV infection is the one that is of carrier status by perinatal trans
most likely to generate carrier mission fulfills these criteria (Table 
status; its ability to produce chro- 3). Furthermore, infection at such 
nic carriers should reflect the dif- an early age is more likely to in
ferential carrier rates among the duce "permanent" carriers because 
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of the relative immaturity of the 
immune system. On the other hand, 
it could be argued that HBV infec-_ 
tion through acute hepatitis may be 
less important in the subsequent de
velopment of liver cancer because it 
occurs more frequently among In
dians compared with Chinese; the 
lowest frequency of carriers is found 
among Indians. However, post-he-' 
patitis carrier status has not been 
studied in our population and the 
carrier rate may be different among 
different ethnic groups following ~ 
acute HBV hepatitis. 

On-going projects 

Table 7 summarizes some of our 
on-going projects related to HBV. 
With the ready availability of local
ly made HBV vaccine, projects will 
be concentrated on the effect of 
these vaccines in reducing chronic 
carriers, a cu te h epa ti tis due to 
HBV, chronic hepatitis and primary 
liver cancer. The ultimate proof 
that HBV causes primary liver can
cer may be achieved through these .$r 
in terven tion studies. 

Conclusion and summary 

HBV infection is endemic in Sin
gapore. The majority of cases of in
fection are subclinical and infection 
occurs continuously among all age 
groups, about 50 per cent of the 
population being infected by 40-49 
years of age and 100 per cent of the 
population in the > 60-year age 
group. The frequency of HBsAg is 
highest in the < 12-year age group. 
HBV is responsible for about 50 per ~ 
cent of the acute viral hepatitis 
cases in Singapore. 

Besides horizontal transmission, 
subclinical HBV infection also 
occurs vertically and perinatally. 
Maternal-infant transmission is 
most likely to occur among HBeAg
positive mothers and the majority 
of transmission occurs during the 
perinatal period. Perinatal transmis
sion contributed about a quarter of 
the HBsAg carrier rate among 
one-year-old children. 

HBsAg carrier sta tus is not only 17" 
strongly a ssocia ted wi th primary 

j 

:~ 



143 HBV INFECTION IN SINGAPORE 

liver cancer bu t also in premalig
nant conditions of chronic hepatitis 
and non-alcoholic cirrhosis. There is 
a direct relationship between carrier 
status and primary liver cancer in
cidence in both males and females 
of the three ethnic groups: Chinese, 
Malays and Indians. There is some 
indirect evidence to suggest that 
HBV infection by perinatal trans
mission may be more important 
than infection by acute clinical in
fection in subsequent development 
of primary liver cancer. 
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Experimental and Clinical Results 
with the Corynebacterium granu/osum-derived 

·Immunomodulator P40 * 

Bernard Bizzini, Ph.D. 
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Jacques "Fteynier, M.D. 
Edgar H. Relyveld, Ph.D. 

The demonstration that suspen
sions of heat-killed whole cells of 
anaerobic corynebacteria are 
capable of stimulating the natural 
defenses of an organism has aroused 
great interest during the two last 
decades. However, it is possible that 
the complexity of the intact bacte
rial cell might obscure the interpre
tation of experimental data. 
Furthermore, the high probability 
that administration of whole bac
terial cells to man would elicit un
toward reactions could limit their 
use in human therapy. As a result, 
many recent investigations have 
been aimed at isolating fractions 
from whole bacterial cells which 
would exhibit either all or only 
some of the immunostimulating 
activities of the intact cell. Most 
work in this field has been concen
trated on attempts to obtain water
soluble fractions, as well as frac
tions which would be possible to 
synthesise chemically. Considerable 
achievements have already been 
attained. In general, my~obacteria 
have been used for fractionation, 
while only a few fractionation 
studies have involved anaerobic 
corynebacteria. With anaerobic 
corynebacteria, fractionation has 
been carried out exclusively on C 
pan'um. For our own investiga
tions, we have used C granulosum 
for the following reasons. 

In the genus "anaerobic Coryne
bacterium" a strain belonging to 
one particular species may be 
active, whereas another strain of 
the same species may be inactive. In 
addition, an active strain may lose 
spontaneously its original reticulos
timulating activity. A systematic 
study over a period of several years 
regarding the immunostimulating 
capacity of strains belonging to 
various species of anaerobic coryne
bacteria showed us l that a strain of 
C. granulosum (strain No. 5196) 
had preserved its reticulostimulat
ing activity, whereas strains of C 
anaerobium and C. parvum had lost 
practically all of their initial activi
ty. Therefore, strain No. 5196 of 
C. granulosum was chosen for our 
studies. 

This strain of C. granulosum was 
found to stimulate strongly the re
ticuloendothelial system (RES),l to 
protect mice against infection with 
E. coli 111 B4 and to accelerate the 
clearance of E. coli III B4 from 
the blood stream,2 and to increase 
significantly the phagocytic activity 
of rat circulating leukocytes the 
phagocytic activity of which had 
been strongly impaired by extensive 
thefJllal injury of the skin surface 
of the rats. 3 The C granulosum sti
mulation also resulted in a high in
crease of the complement activity 
of sera from thermally injured rats.4 

,~ 

C granulosum can also substitute 
for mycobacteria in Freund's com
plete adjuvant to induce a delayed
type hypersensitivity (DTH) reac
tion to the simple chemical: azo
benzene -arsonate- N -acetyl-tyrosine 
(ABA-TYR). S The production of 
antibodies directed to sheep red 
blood cells (SRBC) was also strong
ly enhanced. s Furthermore, C gra

3. . P

nulosum was f0und to inhibit the 
growth of various experimental 
grafted tumours: Ehrlich tumour,2 
mouse L 1210 leukaemia and Friend 
leukaemia. s 

Cell walls were isolated from 
whole cells of C granulosum by 
using various treatments which re
suI ted in either partly purified cell 
walls or purified cell walls. 5,6 The 
cell wall preparations thus obtained 
were found to exhibit biological 
activities close to those of the 

-),'whole cells but, on a weight basis, 
cell wall preparations were not 
more active than whole cells. It is 
also interesting to note that the in
jection of C granulosum cell walls 
and SRBCs resulted in two peaks of 
antibody response to SRBCs, one 

*From Unite d'Imrnunochimie des Proteines, 
and Unite d'AllergoJogie, Institut Pasteur, 
75015 Paris; Unite des Vaccins Bacteriens, In· 
stitut Pasteur, 92380 Garches; and Unite de 
Chirurgie Antonin Gosset, Hopital Bousicaut, 
75015 Paris. 
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·r C. GRANULOSUM-DERIVED IMMUNOMODULATOR P40 

on day 14 and the other on day 
28 .5 Thus, it appeared to us that 
active fractiol}s could be isolated 
from anaerobic corynebacteria. 

Migliore-Samour et ar reported 
on the isolation of a water-soluble 
fraction from C. parvum which ex
hibited strong adjuvant activity. 
These investigators fractionated 
whole cells of C. parvum by a tech
nique which they had successfully 

. used J~ fractionate mycobacterial 
cells. However, when we applied 

? I; their technique for the fractiona

~ 

~' 

tion of C. granulosum whole cells, 
we recovered the immunostimulat
ing activities in a particulate frac
tion which we designated as P40 
fraction. Here we report on the pre
paration of this fraction, its partial 
chemical characterisation and its 
main biological activities. We also 
include the initial results which 
have been obtained with the P40 
fraction in clinical trials. Charac
teristics of P40 are represented in 
Table 1. 

t Production of large quantities of 
C. granulosum whole cells 

C. granulosum bacteria were cul
tivated in fermentors in volumes of 
300 or 700 litres. The medium 
consisted of liver-meat broth 
supplemented with 4 g of yeast
extract (DIFCO), 2.5 g of NaCl and 
109 of glucose per litre of medium. 
The pH was adjusted to 7.2-7 j. 
Cultures were incubated in a nitro
gen atmosphere at 37·C and bacte
ria were harvested in a Sharples 
centrifuge (Type MV l2-RV 5 PI) 
after 48-72 hours. The bacteria 
were washed three times with saline 
and resuspended in saline before 
being heated in a water bath at 
60·C for one hour. The biological 
activity of various batches was 
found to be quite comparable.8 

Preparation of P40 fraction 

Fractionation of C. granulosum 
bacteria was carried ou t on the 
delipidated cells as represented 
schematically in Figure 1. Delipi

"f I\'dation was performed according to 
the method of Aebi et al. 9 The deli

pidated bacteria were disintegrated 
mechanically with the aid of an 
Omni-Mixer and were centrifuged 
at low speed to remove intact 
bacteria and large bacterial debris. 
The supernatant .was subsequently 
fractionated with (NH4)2 S04 and 
the fraction precipitated at 40 per 
cent saturation was harvested and 
dialysed exhaustively with distilled 
water. The dialysate was lyophilised. 
This fraction was designated as P40 
fraction. The P40 fraction batches 
which resulted from the processing 
of different lots of C. granulosum 
whole cells exhibited comp.arable 

biological activities, indicating that 
the procedure was reproducible. 

As calculated from the dry 
weight of delipidated bacterial cells, 
the P40 fraction was recovered with 
a yield in the range of 30 per cent. 8 

Main physico-chemical characteris
tics of P40 fraction 

P40 fraction is insoluble. Exa
mination under the electron micro
scope shows that its structure re
sembles pieces of bacterial cell wall 
(Fig. 2). All attempts to degrade it 
into a soluble derivative were un
sucessful. These attempts included 

Table 1 Immunomodulator P40: 

1. Accelerates CLEARANCE of carbon particles and pathogenic agents 

2. Increases RESIST ANCE to infections 

3. Enhances ANTIBODY production 

4. Restores IMMUNE CAPACITY 

S. Induces DELAYED HYPERSENSITIVITY 

6. Inhibits or delays TUMOUR GROWTH 

FERMENTOR 
I 

Corynebacterium granulosum 5196 
I 

Wash 
I 

Heat 60·C 
I 

WHOLE CELLS 
I 

Delipidate 

I 
Disintegrate 

I e,nrg. ------(WH-.-O-L-E-C-E~:~M:::GE DEBRlS) 

SUPERNATANT 
I 

Heat 80·C 
I 

Precipitate with (N~)2 S04 at 40% saturation 
I 

Centrifuge -----------, SEDIMENT 
, I 

SUPERNATANT Dialyse 
I 

Freeze-dry, 
P40 FRACTION 

Fig. 1 Preparation of P40 fraction 
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Fig. 2 Electron microscopic appearance of P40 fraction (magnification x 60 ,000) 
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enzymatic degradation with pro
nase, lysozyme, trypsin, chymo
trypsin, RNase and DNase used 
either separately or sequentially. 
Chemical reagents such as 0.1 
NaOH, 9% HCOOH, or 1% SDS or 
6M guanidine in the presence or in 
the absence of 1% 2-mercaptoetha
nol were also ineffective in degrad
ing P40 fraction. Therefore, it ap
pears that the P40 fraction has a 
rigid, compact structure within 
which the bonds sensitive to break
down by enzymes and chemical 
reagents are inaccessible. This also 
explains why a water suspension of 
the P40 fraction can be autoclaved 
at 120'C for 20 minutes without 
impairment of its immunostimulat
ing activity. Consequently, suspen-

Table 2 	 Chemical composition of P40 
fraction 

Amino acids 
g/100 g P40 
(Dry weight) 

q His 1.69 

Lys 3.11 

Arg 3.09 

Asp 3.71 

Thr 1.97 

Ser 1.37 

Glu 6.34 

Pro 1.09 

Ala 3.38 

Gly 3.31 

Cys 0.30 

Val 2.88 
I .~ Met 1.10 

lIe 1.79 

Leu 3.04 

Tyr 0.91 

Phe 2.15 

Try 1.07 

Total 42.30 

Dap 3.23 

Neutral sugars 13.67 
Hexosamines 10.09 

Muramic acid 10.38 

Ash 0.83 
~~ 

Total 80.40 

sions of the P40 fraction can be 
sterilised by autoclaving, which eli
minates the necessity to add 
formaldehyde which is necessary in 
whole-cell suspensions.8 

As summarised in Table 2, P40 
fraction is composed of all the 
amino acids which are usually pre
sent in proteins, as well as diami
nopelemic acid, muramic acid, and 
neutral and amino sugars. On a 
weight basis, the composition 
accounts for about 80 per cent of 
the P40 fraction. The missing 20 
per cent could have been lost by 
destruction of the amino acids or 
sugar residues, or both during acid 
hydrolysis of the fraction since the 
simultaneous presence of amino 
acids and sugar residues can result in 
losses of either one by formation of 
complexes during glycoprotein 
hydrolysis. 

Table 2 also shows that glutamic 
acid, glycine, aspartic acid, and 
alanine are the major amino acids . 
Large amounts of neutral sugars 
and hexosamines were also present. 
The neutral sugars identified were 
glucose, galactose, mannose and 
ribose and the hexosamines were 
glucosamine and galactosamine, 
which are present in a molar ratio 
of 7 to ~. The presence of both 
diaminopimelic acid and muramic 
acid indicates that the P40 fraction 
is derived, at least in part, from the 
bacterial cell wall. 8 

It is hard to provide a clear inter
pretation of the analytical results. 
Because the P40 fraction is insolu
ble, standard procedures cannot be 
used to try to resolve its possible 
complex nature . Therefore, we are 
not yet in a position to decide 
whether the P40 fraction comprises 
only one molecular entity or a 
mosaic of separate molecular enti
ties, which would be associated in a 
highly stable structure. However, 
the presence of diaminopelemic 
acid and muramic acid is consistent 
with the existence of a peptidogly
can-like structure in P40. To con
firm this assumption, it would have 
to be shown that diaminopelemic 
acid is present as its L, L-isomer. In 

the light of our present knowledge, 
we may speculate that the P40 frac
tion is likely to consist of the asso
ciation of the cell-peptidoglycan 
and a glycoprotein. 

Biological activities of the P40 frac
tion 

a) Stimulation of the reticuloen
dothelial system: 

Like C. granulosum whole cells, 
the P40 fraction was found to be a 
potent activator of RES. It is cap
able of increasing both granulope
xic capacity (carbon clearance test) 
and phagocytic activity (enhanced 
resistance to infections with viru
lent bacteria). The granulopexic 
activity of P40 as expressed by the 
KIKo index (namely, by the ratio 
of the activity measured in stimu
lated mice to that measured in con
trol non-stimulated mice) attained 
its maximum value about 6-7 days 
after stimulation with the P40 frac
tion. A mean value of 4 was found 
for the KIKo index of various P40 
batches. The increase in granulo
pexic activity is not correlated with 
the increase in weigh t of both spleen 
and liver; in fact, the spleen and 
liver continued to grow after the 
granulopexic capacity had returned 
to normal values?,8 

The P40 fraction is also cap
able of enhancing the phagocytic 
and bactericidal activities of macro
phages as is evidenced by increased 
resistance of mice to infection 
with weakly virulent bacteria (E. 
coli III B4, P. Lallouett~ et al)2 
and with strongly virulent bacteria 
such as L. monocytogenes that de
velops intracellularly (Fig. 3). The 
increase of the bactericidal activity 
of macrophages from mice stimulat
ed with P40 is also correlated with 
the potentiation of their enzymatic 
activities (K. Masek : personal com
munication). 

The preventive effect of P40 on 
the experimental E. coli infection 
of the upper and lower urinary 
tract was investigated in rats. 10 

Two-thirds of the rats infected by 
the lower rou te were protected 
against the infection. Under our 
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conditions, the bacteriological pic
ture of the infection of rats, which 
were infected by the upper route, 
was only sligh tly influenced bu t the 
development of nephropathia was 
significantly decreased. 

b) Effect on antibody produc
tion: 

The ability of P40 to enhance 
the production of antibodies in 
mice in response to an i.v. injection 
of sheep red blood cells (SRBC) in 
saline showed that the adjuvant 
effect of P40 was maximum at 
250 IJ.g per mouse when injected 
seven days before the SRBC stimu
lus. Furthennore, the antibody 
level was at its peak about 6-7 days 
after the SRBC stimulus was given. 
For the experiments, a dose of 
SRBC was chosen that elicited only 
a negligible antibody response in 
control, unstimulated mice . Under 
these conditions the haemagglutinin 
content "remained at a defmitely 
low 'Ievel in the sera of those mice 
which were not stimulated with the 
P40 fraction. In contrast, sera of 
those mice which were stimulated 
with the P40 fraction contained 
high levels of haemagglutinins. The 
antibody content of these sera de
creased slowly: compared with the 

sera of mice not stimulated with 
the P40 fraction, antibody con tent 
was II times higher four weeks 
later, and three times higher 16 
weeks later in the sera of mice sti
mulated with the P40 fraction. 

The effect of the P40 fraction 
was also investigated with regard to 
a secondary response of mice boos
tered 16 weeks after their priming 
with SRBC. The secondary re
sponse in m ice which had been 
stimulated with the P40 fraction 
seven days before the primary 
SRBC immunisation was found to 
be about 4 times higher than that 
in mice which had not received the 
P40 injection . Moreover, when the 
P40 injection was given seven 
days before giving the mice the 
SRBC booster, the secondary re
sponse was enhanced about 50 
times. 8 Other investigators reported 
an. increased production of haemag
glutinins in mice on day 5 after a 
single Lv . injection of 250 IJ.g of 
P40 given seven days before the i.v. 
immunisation with SRBC in dose 
varying from 105 to 109 SRBC per 
mouse. Increased production of an
tibodies was verified for all doses of 
SRBC injected, except for the dose 
of 105 cells. The major adjuvant 
activity of P40 concerned the pro
duction of IgM- or 2-MER-sensitive 
antibodies ." 

Experiments were also perfonn
ed using tetanus toxoid as a soluble 
antigen. In this instance, the en
hancing effect of P40 on the fonna
tion of antibodies was assessed by 
measuring the amount of toxoid 
corresponding to one 50 per cent
protective dose (I PDso ) compara
tively in mice stimulated with the 
P40 fraction and in mice not 
stimulated. In P40-treated mice, the 
amount of toxoid corresponding to 
I PDso was found to be decreased 
witb respect to that of unstimulat
ed mice (unpublished results) . 

c) lmmunorestorative effect: 
It was also verified that the P40 

fraction could counteract the im
mu nosu ppressive effect of the cy
clophosphamide, as measured by the 
production of haemagglutinins in 
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mice. 12 In fact, the P40 fraction is 
capable of abolishing not only the 
immunosuppressive action of cyclo
phosphamide, but also of enhancing 
the antibody response of cyclo
phosphamide-suppressed animals to 
a primary immunisation with 
SRBC. However, to counteract the 
action of cyclophosphamide, the 
P40 fraction has to be administer
ed before the immunosuppressive 
drug. Furthennore, cyclophospha
mide must not be used at doses 
which would completely suppress ~. t 
the immune responsiveness of the 
mice . 

These results have been extend
ed by S. Ben-Efraim (Tel Aviv Univer
sity) who verified in BALB/c mice 
that the immunosuppressive effect 
of cyclophosphamide and of me
thotrexate on contact hypersensi
tivity to DNFB could be counter
acted by the Lv. administration of 
P40 prior to the injection of the 
immunosuppressive drug. 

A DTH reaction to either oval
bumin or ABA-Tyr was induced 
when the antigen or the hapten was 
injected in emulsion in Freund's 
complete adjuvant in which myco
bacteria were replaced by P40 frac
tion (unpublished results). Recent
Iy, an exhaustive study 12,13 of the 
capacity of P40 fraction injected 
in saline showed an immunopoten
tiation of DTH in mice immunised 
with supraoptimal doses of antigen 
which would nonnally depress DTH 
in control mice. In contrast, when 
the P40-stimulated mice were im- <i 
munised with optimal or subopti
mal doses of SRBC for induction of 
DTH in control mice, lower DTH 
levels were also observed in P40
stimulated mice. This immunoregu
latory effect of P40 was ascribed to 
the accelerated catabolism of the 
antigen and to the T-cell adjuvant 
effect of the P40. A significant en
hancement of DTH was also record
ed when the SRBC were injected 
s.c. together with the P40 fraction . 
The strongest effect was observed 
for a dose of 5 IJ.g of P40 injected 
along with 108 SRBC. It was fur- * 
ther established that the observed 
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potentiation of DTH did not rely tions, 100 per cent tumour rejec 250 J.lg per mouse was flrst studied. 
only on a depot phenomenon, as is tion was obtained when the P40 This was given either seven or three 
seen with other adjuvants. Further fraction was injected up to six days days before an Lm. challenge with 
more, the adoptive transfer of DTH after the tumour grafting. Injected 2x I 04 tumour-cells, or given on the 
indicated that the P40-induced en~ nine days after the tumour chal same day, or three, six or nine days 
hancement of DTH could be ascrib lenge, the P40 fraction exercised no after the tumour challenge. The re
ed to the adjuvant effect of P40 on effect on tumour growth. The in sults showed that the P40 fraction 
the lymphoid cells, and not to a effectiveness of the P40 fraction given before or at the same time 
non-specific action on accessory when administered nine days after that the tumour was grafted acce
cells. grafting the tumour is probably due lerated the tumour growth as esti

In parallel experiments, the capa to the fact that the population of mated by measuring the variation 
city of P40 to induce a state of tumour cells is too large at this time of the diameter of the leg injected 
DTH to certain of its 4ntigens was to be overcome by the immune de with the adjuvant as a function of 
demonstrated using four different fenses of the recipient. It was also time. However, no statistically 
immunological parameters as corre observed that the P40 fraction was significant difference was noted 
lates of cellular immune response. 13 effective only when given Lp. and with regard to survival time when 
The results obtained suggest that not when given i.v. In similar ex compared with control animals. 
P40 systemic hypersensitivity might periments in which C. granulosum However, when the P40 fraction 
be of the first type as opposed to whole cells were used in place of was injected three days or six days 
the tuberculin response that is of the P40 fraction, tumour growth after .the tumour challenge, the 
the second type. was only retarded. tumour growth was significantly re

When the P8lS mastocytoma tarded. Given nine days later, the 
An ti-tumour effect of the P40 frac was grafted to syngeneic DBA/2 P40 fraction was without effect on 
tion mice, the P40 fraction did not in tumour development. 

The anti-tumour effect of P40 fluenoe tumour growth. However, Subsequently, we detennined the 
fraction has been investigated using protection could be afforded to a optimum dose of the P40 fraction 
several experimental tumour certain extent when the P40 frac when injected Lv. four days after 
models. tion was injected before grafting the tumour challenge. Under these 

When mice were stimulated by a the tumour. 2 conditions, the inhibitory effect of 
single i.p. injection of 10 J.lg of P40, The Lewis lung carcinoma was P40 on tumour growth was maxi
seven days before the Lp. grafting investigated as an alternative mum at a dose of 100 J.lg. At this 
of lOs Ehrlich tumour cells to tumour. It was maintained in its dose, the prolongation of the sur
mice, inhibition of the tumour solid fonn by serial subcutaneous vival of the mice was highly signifi
growth was achieved in 100% of the injection in CS 7B I /6 mice . In the cant. At doses of 250, 500 and 
animals. 2 experiments with Lewis carcinoma, 1,000 J.lg, the effect was less mark

Wi th P815 mastocytoma, the the effect of a single i.v. injection ed but still significant (Fig. 4).8 
grafting of the tumour in its ascitic of the P40 fraction at a dose of Castro Faria and Grynberg 14 

form was carried out both in non
isogenic MLTB mice and in isogenic 
DBA/2 mice. This type of tumour 9 .______________________ /1~ 

was successfully transplated in B1_______________________~!==~~--~
MLTB mice by Lalouette and Sch

wartz and has been serially trans '" 
 --------------------------------1------ i lib" ~ 
planted in this mouse strain for ID 6 ! .... j:::. 

alseveral years. Although the tumour ,... 1.1 '-j
IIIhas lost much of its virulence by U 4 


transplantation from DBA/2 mice "0 


to MLTB mice, an injection of lOs ;;; 

J:J 

§ 2cells will kill all recipients in about 1 ~.:.:.,z 
28 days. Spontaneous regressions of 

established tumours h ave never o L-________-.__________~----------~--~~----~~___ 


10 20 30 40been observed. The P40 fraction Days 

was injected i.p. at a dose of 100 J.lg 
I : Control miceper mOllse at various times from 

II : Treated mice : one I. V. injection of a) 100 j.l9 P40 and b) 500 j.l9 P40 one day to 9 nine days after the 4 days after the tumour graft
grafting of P8lS mastocytoma to 
M L TB mice. Under these condi- Fif!. 4 Lewis tumonr 
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have used glycerol-induced vesicles 
from tumour-cell membranes as a 
specific tumour antigen. The asso
ciation of this antigen with P40 
after a single Lp. injection resulted in 
70-80 per cent-complete regression 
of a syngeneic methylcholanthrene
induced fibrosarcoma. P40 alone or 
the vesicles alone were ineffective. 

Using Ll210 leukaemia as a 
tumour model in syngeneic (C57B 1/ 
6xDBA/2) Fl mice, the effect of 
P40 alone on the tumour was com
pared to that of its association with 
other treatments .1S-19 The Lp. injec
tion of a single dose of 100 Jlg of 
P40 seven days before the grafting 
of 1 x 105 Li210 tumour-cells re
sulted in a significan t prolonga tion 
of the survival time of the P40
treated mice as compared with the 
control mice. When glutaraldehyde
inactivated tumour cells (GA
Ll210) or glu taraldehyde-inactivat
ed L 121 0 tumour cells to which 
tetanus toxoid was coupled (GA
Ll210-Tet) were injected seven 
days before the tumour challenge, 
tumour growth was not retarded and 
even facilitated. When two in
jections were given seven days apart 
and seven days before the tumour 
challenge, similar results were re
corded. In contrast, the administra
tion of inactivated cells with P40 
under the same conditions as above 
resulted in a highly significant pro
longation of the survival time (more 
marked with the combination of 
GA-Ll21O-Tet with P40) as com
pared with that 0 f the control 
animals. 

In subsequent studies,',,18 the 
effect on L121 0 leukaemia of che
motherapy alone, with either dau
norubicin or mitomycin, was com
pared with immunotherapy with 
P40 alone as was the association of 
P40 and GA-Ll21O-Tet with che
motherapy. The treatment consist
ed of four injections on days -14 
and -7 and on days +4 and + II. 
Chemotherapy alone and P40 treat
ment alone afforded the same de
gree of protection. In contrast, the 
combination of chemotherapy with 
P40 and GA-Ll21O and P40 result

ed in a significant increase of sur
vival time in comparison with che
motherapy alone or P40-treatment 
alone. The survival of a few animals 
was even recorded under specified 
conditions. Furthennore, the re
challenge of surviving mice with the 
same number of LI210 tumour 
cells showed that about 50 per cent 
of the animals had developed speci
fic resistance to the tumour. 17 ,19 

It appears from these results that 
the combination of chemotherapy 
with active immunisation and non
specific immunostimulation is more 
efficacious than single trea tmen ts 
for the control of Ll210 leukaemia. 
Consequently, we are currently 
carrying out additional experiments 
in order to specify more precisely 
optimal conditions for combined 
treatments. 

Experimental DMBA-induced 
mammary carcinoma was also used 
in female Sprague Dawley rats as 
described by Huggins et al.20 The 
animals fed with DMBA developed 
mammary tumours beginning the 
seven th week after administration 
of the drug. P40 was given either 
intratumourally (Lt.), or peri
tumourally (p.t.), or intravenously 
(Lv.). Two weeks after P40-treat
ment, all rats underwent surgery for 
the removal of tumours. A second 
group of rats received P40-treat
ment at the time of appearance of 
the first tumour having an estima t
ed volume greater -than 0.6 cm. 3 

P40 was then injected i. t. 
In the first group, no significant 

difference in the mean survival time 
was recorded with respect to con
trol rats not receiving P40. In con
trast, the volume of tumoural recur
rence was highly significantly de
creased in the P40-treated rats. 
Very similar results were obtained 
in the second group. 

Toxicology 

A thorough toxicological exami
nation of the P40 fraction has been 
carried ou t in rats and dogs. These 
experiments showed that the P40 
fraction was devoid of any acute 
and chronic toxicity at doses far 
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beyond the therapeutic doses. The 
absence of undesirable effects was 
subsequently confinned in clinical 
trials . 

Oinical trials with the P40 fraction 

Since the P40 fraction was de
void of toxic effects at a dosage up 
to 50 times that intended to be 
used in humans, clinical trials were 
initiated in patients presenting 
either of two kinds of pathological 
conditions: recurring infections and 
neoplasia. 

Treatment of recurring infections: 
It appears very likely thatre

currences of chronic infections may 
originate from the patient's inabi
lity to mount an adequate cell
media ted reaction agaiast the in
fecting agent. Therefore, it appears 
to us that stimulation of the pa
tient's natural defenses might subs
titute for specific immunisation. 

To test this hypothesis, 117 pa
tients suffering from recurring in
fections 0 f the respiratory tract 
were divided into three groups for 
treatment (Table 3): Group I re
ceived either mono- or poly-micro
bial preparations (vaccinotherapy); a 
Group II received vaccinotherapy 
combined with P40, and Group III f 
received P40 alone. Comparison of v 
the effectiveness of the various t 
treatments showed that patients in n 
Groups II and III were significantly p 
improved (on the basis of three t 
criteria) in comparison to Group I I= 
patients (p<0.OOI).21,22 

Subsequently, a trial performed 
in randomly selected patients with 
recurring respiratory infections 
(mostly chronic obstructive bron 7 
chitis) confirmed that P40 trea t
ment results in the suppression of 
symptoms, in a decrease in the 
number of infectious episodes, and 
in a decrease in the num ber of 
cumulative days of antibiotherapy 
for the year during which P40 treat
ment was administered as compared 
with the year prior to the initia
tion of P40 treatment. 24 

P40 treatment was also given to 
patients with recurring herpetic 
cutaneo-mucous infections. Of 12 

http:treatment.24
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Table 3 	Comparative statistical evaluation of the effectiveness of vaccinotherapy 
alone (group I), vaccinotherapy + P40 (group II) and P40 alone (Group III) in 
the treatment of patients with relapsing chronic infections of the respiratory 
tract. 

No. of Proportion of improvement %ofTreatment 
patients according to criteria patients improved 

Group I 79 18/79 22.78 
Group II 21 18/21 85.71 
Group III 17 14/17 82.35 

Group I - II: p <0.001 (highly significant) 

GroupI - ill: p <0.001 (highly significant) 
. , 
Group II - III : 0.9 < p>0.5 (not significant) 

.patients who received one or a few 
injections of P40 0.20 mg/ml dur
ing the presence of a herpes blister, 
nine of them experienced a dramatic 
shortening of the duration of their 
blister which faded in 24-48 hours 
instead of 8-10 days as was the ex
perience of patients in the control 
group. Of 24 patients who present
ed frequent recurrences of herpes, 
19 did not have recurrent herpes 

\ over a period of time ranging 
from one to four years after 10 in
jections of P40 spaced one week 
apart. 11 

P40 treatment was also success
ful in treating patients with either 
vaginal candidiasis or E. coli cysti
tis. Patients improved by the treat
ment (about 75%) have not ex
perienced relapses over a period of 
time ranging from one to four years 
post-treatment.11,25 

We must emphasise that skin 
-< • tests for delayed hypersensitivity 
", with recall-antigens (bacteria from 

r 

Table 4 Evaluation of the cutaneous re
sponse to recall-antigens before 
and after treatment with P40 
fraction (n = 67) 

No. Responsive/total 

Score Before P40 After P40 

4+ 41/67 (61%) 63/67 (94%) 
5+ 31/67 (46%) 55/67 (82.%) 

}... 
6+ 
7+ 

27/67 (40%) 
18/67 (27%) 

45/67 (67%) 
32/67 (48%) 

the respiratory tract, SK-SD, PPD, 
candidin, E. coli) which were nega
tive before P40 treatment became 
positive after the treatment in im
proved patients. In particular, in a 
series a flO pa tien ts with vaginal 
candidiasis, who were unresponsive 
to candid in, eight of them showed 
improvement and at the same time 
they became responsive to candi
din . In contrast, the two patients 
who were not improved by the P40 
treatment also remained unrespon
sive to candidin. 

The importance of performing 
skin tests on patients with recurring 
infections as a guide for therapeutic 
decision-making and as a test to 
evaluate the efficacy of the treat
ment has previously been emphasis
ed.26 In this connection, the possi
bility of modulating skin response 
to an antigen by P40 fraction has 
been reported.17 The P40 fraction 
would either enhance a poor skin 
reaction or weaken an exaggerated 
skin reaction as a function of the 
ratio of P40 to antigen. 

P40 treatment in breast cancer pa

tients 

Skin-testing of breast cancer pa
tients with recall-antigens showed 
that a large proportion of them 
were immunosuppressed, since their 
scores turned out to be much lower 
than those of a control population 
of individuals apparently free of 
cancer. 28 ,19 In fact, the exploration 
of the immune status of patients 
with breast cancer was performed 

using skin tests with five different 
recall-antigens to evaluate their 
DTH responses. Each patient was 
assigned a composite score based on 
the intensity of the skin test re
sponse to the five antigens (Table 
4). The results showed that the 
frequency of anergy was significant
ly higher in breast cancer patients 
than in a control group of indivi
duals apparently free of cancer. 
Furthermore, for patients with 
mean DTH scores, a significant dif
ference was found between those 
who had lymph node involvement 
and those who had no lymph node 
involvement. In the former pa
tients, fewer showed mean scores 
when compared with the latter. 
A significant difference as a func
tion of age was found only for the 
highest scores.2O,30 

An attempt to restore the DTH 
reactivity of the immunosuppressed 
cancer patients by P40 treatment 
(I subcutaneous injection of 0.2 
n1g three times weekly for three 
weeks) resulted in a significant de
crease in the incidence of anergy. 
Lymph node involvement had no 
influence on the issue of P40 treat
ment. Thus, P40 treatment restored 
DTH reactivity in about half or 
more of the patients according to 
the type of antigen used for the 
skin tests (Tables 4 and 5). 

Evaluation of the effect of P40 
treatment on the survival rate of 
breast cancer patients is currently 
being carried au t. 

Summary 

We report the preparation of an 
immunostimulating fraction from 
mechanically disrupted, delipidated 
cells of the anaerobic Corynebac
terium granulosum. Since this frac
tion is precipitated by ammonium 
sulphate at 40 per cent saturation, 
it has been designated as P40 frac
tion. P40 is a particulate substance 
appearing in the electron micros
cope as pieces of the bacterial cell 
wall. The chemical composition of 
P40 is consistent with the assump
tion that it consists of an associa
tion of the cell wall peptidoglycan 

http:cancer.28
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Table 5 Comparison of the results obtained in breast cancer patients before and after 
treatment with P40 fraction and with controls when skin tested with recall
antigens. Results are expressed as per cent of positive reactions 

Patients
Tests 

before P40 after P40 
Controls 

13. 

phosphamide chez la souris. CR Acad Sci 
(Paris) 1976; 283:713-6. 
Lagrange PH, Fuster MJ. Immunomodula· 
tion with P40, an Insoluble delipidated 
fraction of Corynebacterium granulosum. 
II. Specific immune responses of the host. 
Ann Immunol (Inst Pasteur) 1982; 133C: 
269·87. 

PPD 

Candidine 

Divasta 

Streptococci 

Streptococcal exoproteins 

61 

39 

42 

34 

18 

83 

73 

67 

61 

40 

74 

80 

76 

85 

74 

14. Castro Faria H, Grynberg NF, Souza ASR, 
Gomes RM. Eradication of established 
murine tumor with plasma membrane vesi. 
cles and Corynebacterium granulosum 
fraction. Abstracts of the Fourth In terna
tional Congress of Immunology, Paris, 
July 1980, NO. 10.5.11. 

together with a glycoprotein. P40 
fraction can exercise a broad 
spectrum of activities on the im
mune system: it can I) stimulate 
RES; 2) increase nonspecifically the 
resistance of animals to various bac
terial infections; 3) enhance the 
production of antibodies to SRBC; 
4) counteract the immunosuppres
sive effect of cyclophosphamide 
and methotrexate; 5) induce delay
ed-type hypersensitivity to various 
antigens and to itself; and 6) in
hibit the growth of various experi
mental tumours. 

Oinical trials have indicated that 
it is effective in the treatment of 
recurring infection of either the re
spiratory tract or the uro-genitary 
tract. In breast cancer patients, P40 
was found to be capable of restor
ing cell-mediated immunity, as mea
sured by skin tests with recall-anti
gens, in immunosuppressed pa
tients. 
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Unido's ICGEB: A Case of Petty Politics 

Prevailing Over Scientific Peer-Reviews * 

Pornchai Matangkasombut, M.D., Ph.D. 

The international scientific com
munity should be informed of the 
development during the process of 
establishing the so-called ICGEB 

. (International Centre for Genetic 
Engineering and Biotechnology) ini
tiated by UNIDO (the United Na
tions Industrial Development Orga
nisation) and gain from using it as 
a case study of how political mani
pulation can interfere with and pre

. vail over the process of scientific 
peer-review. Biotechnologists and'" 
immunologists in developing coun
tries in particular, whose work and 
opportunities can be directly or in
directly effected by this mishap 
should heed the tragic changes of 
events ensued. 

Biotechnology including cell im
mortalisation through cell fusion 
and/or transforma tion and recom
binant DNA technology has been 
well recognised as promising bases 
for a new era of scientific and tech
nological revolution. With these 
tools, appropriate microbial, plant 
and animal cells can be manipulat
ed according to design to enable 
production of higher quantity and 
quality of food stuffs, other agricul
tural and agro-industrial products, 
pharmaceu ticals, biologically active 
macromolecules etc. In immuno
logy itself these tools have already 
led to the elucidation of the mole
cular genetic bases of biosynthesis 
of specific antibodies; of cell in
teractions in immuno-regulation. 
The resultant libraries of cloned 

gene~, of B-cell hybridomas and 
monoclonal antibodies; of cloned T
cell lines and cell interaction macro
molecules including I ymphokines, 
interleukins and one of the inter
fetons; of cell surface d ifferentia
tion, allotypic, idiotypic and an ti
idiotypic markers have opened up 
the possibilities of elucidating de
tailed immu nopathophysiological 
sequence of events at the cellular 
and molecular levels in a wide 
range of human diseases. These 
also make it increasingly possible 
the production of improved diag
nostic reagents; and immunopro
phylactic, immunotherapeutic and 
immunomanipulating agents at 
lower costs. 

A wide gap of know-how already 
exists between the developed and 
the developing coun tries and with 
the rapid nature of development in 
these areas the gap can easily widen 
even more rapidly and promises to 
place the least developed countries 
at further disadvantage and an ever 
more technologically and economi
cally dependent position. 

A group of scientists mindful of 
international development re
commended to UNIDO in 1981 
that an international centre should 
be established to help developing 
countries to close this gap. In order 
for the centre to be successful and 
viable they also recommended a set 
of criteria based on scientific capa
bili ty and socio-economic infra
structure for the selection of the 

location in a suitable host country. 
A meering of interested countries at 
various levels of development was 
convened in Belgrade in December 
of 1982 in which participating 
countries enthusiastically endorsed 
the concept. As far as the location 
was concerned, since several coun
tries proposed to host the centre, a 
decision could not be made and the 
meeting resolved that it should be 
in a developing country if there is 
one that meet the stringent set of 
scientific and financial criteria 
agreed upon and that a Selected 
Committee consisting of scientific 
experts appointed at the meeting 
be charged with the responsibilities 
of evaluating the relative suitabili
ties of each candidate host country 
on the basis of the scientific and 
socio-economic criteria above and 
tha t the results of evaluation of this 
committee will be the basis of a 
decision on the location to be made 
by a ministerial level meeting to be 
convened subsequently. 

The Selected Committee of Ex
perts proceeded to make extensive 
and intensive site visit in each of 
the candidate countries, i.e., Bel
gium, Cuba, India, Italy, Pakistan 
and Thailand spending 7-10 days in 
each country from March to May of 
1983. They unanimously recom

"'From the Department of Microbiology, Facul
ty of Science, Mahidol University, Bangkok, 
Thailand. 
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mended that Thailand is the only 
developing country that meets all 
of the scientific and socio-economic 
criteria and is therefore a suitable 
host country for ICGEB. Up to 
this point the ideals and the legiti
mate process of establishing the 
centre were upheld and selection of 
the location was to be based on 
scientific peer reviews through the 
site visit, a well established and 
accepted procedure among all in 
the scientific community. 

Tragically, as soon as the resul ts 
of the scientific peer review was an
nounced, certain parties began to 
resort to other means in supporting 
their own candidacies. Political 
manouvers began to enter the scene. 
Thus the noble ideals, the sound 
scientific criteria, the requirement 
for thorough analysis of financial 
feasibility were one after the other 
disregarded with apparent coopera
tion of some in the UNIDO secreta
riat. The devotion, the efforts and 
the recommendations of the Select
ed Committee of Experts similarly 
became increasingly disregarded 
and the mandate of the Belgrade 
meeting was evaded. With these 
behind-the-scene manipula tions, the 
Ministerial Level Meeting in Madrid 
in September 1983, which was sup
posed to make an easy and legiti
mate decision based on the recom
mendation of the Selected Commit

~;. ~ . 
i 

tee of Experts, became instead a 
political forum par excellence to 
the disillusion and disgust of all 
scientists present. As a result, again 
a decision on the location could 
not be reached. This time a "Pre
paratory Committee" was formed 
to work out compromise in order 
to reach a concensus. During the 
work of this committee the politi
cal element became more and more 
predominant and was eventually 
manifested in the form of an im
posed decision by a vote totally dis
regarding the preceeding legitimate 
mandates, resolution, recommenda
tion and most tragically the shatter
ing effect of such an imposition of 
will on the good will and the spirit 
of international cooperation. A sub
stantial proportion of delegations 
found it unacceptable and declared 
non-participation in the voting aud 
left the meeting. Regardless of the 
recognition that such imposition of 
will was devisive, those parties seek
ing to imposed political will persist
ed with unprecedented stubborn
ness and repeated the damaging acts 
in a Plenipotentiary Meeting in 
April 1984 when 12 of the 25 parti
cipating delegations either walked 
out, declared non-participation in 
voting or voted against the location 
of ICGEB in Italy and India. None 
of the countries from Asia and 
Africa endorsed the locations. With 

this scenerio and with the facts that 
none of the most advanced coun
tries in biotechnology, e.g, U.S.A., 
U.K., France, West Germany, Cana
da, Japan etc. is likely to partici
pate, the UNIDO's ICGEB is consi
dered dead by scientists witnessing 
the progression from noble ideals 
to ugly political manipulations. 
The most advanced countries were 
perhaps wise and well experienced 
with UNIDO and were alerted to 
the likelihood of such a political 
imposition and tragic outcome and 
decided from the onset to stay out. 

Together, it was a sad lesson but 
perhaps an important one if the in
ternational scientific community 
can use this as a case study of how 
noble ideals and genuine efforts by 
many can be destroyed by a few 
who seek to impose their wishes 
and will on all. This is an im
portant lesson as the need to close 
that technological gap still need to 
be met and all should not be dis
couraged from seeking other me
chanisms to bring this important 
field to the benefit of all develop
ing countries. Any future schemes 
to be established can gain from the 
lesson learned in this case study 
and scientists will presevere and 
eventually prevail over political 
lobbyists and truly serve the needies 
of all nations. 





ABSTRACTS_________________________________________ 


The purpose of this abstracts section is to provide readers of the Asian Pacific Journal of Allergy arid I mmuno
logy with summaries of original, scientific articles, related to various branches of allergy and immunology, 
recently published by authors from Thailand, India and China. By this means the editors hope that articles 
which are highly interesting, but whim unfortunately have been lying hidden in less circulated local journals as 
well as those appearing in better-known journals elsewhere will be collated and will thereby reach readers in 
various Darts of the world . Mechanisms an'! being worked out to include abstracts of work from other coun
tries of the region. 

THAILAND .- S. Vejjajiva, M.D., Editor 

Aspirin-Induced Asthma: A Case Report 
M Tuchinda 

Department ofPaediatrics, Faculty ofMedicine Siriraj Hospital, 

Mahidol University, Bangkok 10700. 

J Paediat Soc Thailand 1983; 22:61-5. 


The author describes a case of aspirin-induced asthma in a 
seven-year-old Thai boy who had suffered from asthma since 
age of two. The first episode occurred at the age of 3~ years 
following treatment of an upper respiratory tract infection with 
medication which included ASA; the severe asthmatic attack 
which occurred at the time was believed to have been triggered 
by the viral respiratory tract infection. 

Again at seven years of age, another severe asthmatic attack 
developed shortly after the administration of ASA for pyrexia; 
a school· teacher had given him the aspirin. 

The patient had no evidence of allergic rhinitis, sinusitis or 
nasal polyps_ Allergy skin tests elicited a positive reaction to 
housedust mite. Other fmdings were negative . An ASA chal
lenge test was not performed. 

The author warned paediatricians to be aware of this condi
tion despite its rarity among children. Patients suspected of 
ASA sensitivity should avoid not only ASA but also non-steroi
dal anti-inflammatory drugs and tartrazine_ 

Immu nological Aspects in Plasmodium ,!alciparum In
fection 
S. Boonpucknavig, R. Udomsangpetch 
Department of Pathobiology, Faculty ofScience, Mahidol Uni
versity, Bangkok 10400 
J Qin Lab Immunol 1983; 12:37.

Twenty-four patients with Plasmodium falcipamm were stu
died. Circulating immune complexes in sera were detected by 
inhibiting IgG coated latex agglutination with RF factor in 29 
per cent of the patients and by EAC rosette inhibition test in 
21 per cent. Demonstrated were a low number of T cells iden
tified by E-rosette and high number of B cells which contained 
immunoglobulins. The authors suggested that T-cell depletion 
may be caused by antibody to the presence of T-Iymphocyte 

in the sera of these patients. The presence of immune complex 
in those patients may support the evidence of deposition of an
tigen-antibody complexes in the kidneys of patients with P. 
falcipamm infection. 

A Comparative Study of Pregnancy Test Kit Produced 
in Thailand 
B. Petchclai, S. Nienhom 

Department of Pathology, Faculty of Medicine, Ramathibodi 

Hospital, Mahidol University, Bangkok 10400. 

J Med Assoc Thailand 1983; 66:227-30. 


Indirect haemagglutination inhibition (HI) tests were per
formed on urinary specimens submitted routinely for pregnan
cy testing at the Clinical Immunology Laboratory, Depart
ment of Pathology, Faculty of Medicine, Ramathibodi Hospi
tal. HI was developed in that laboratory and performed there 
for 12 years. Qualitative pregnancy tests were performed on 
500 specimens and serniquantita tive tests on 154 specimens. 

The results were compared with a newly developed latex 
agglutination inhibition test (Ll), the so called "Preg test". 
Both tests gave similar results at HcG levels of < I I U/ml and 4
16 IU/ml. There were some discrepancies at the levels of 1 IU/ 
mI and 2 IU/ml. Thirty-two specimens of I IU/mI by HI were 
shown to have mixed results: in 20 specimens the LI test was 
negative; in 12 specimens, positive. In 50 specimens of 2 IU/ 
ml, the LI test was negative in seven specimens and positive in 
43_ Although the Ll pregnancy test is not trouble-free, the 
authors claimed it to be as good as the commercial products 
from other countries. 

TORCHES Agents as Possible Causes of Spontaneous 
Abortion in Thai Women 
S. Tantivanich, S. lharavanij 

Department of Microbiology and Immunology, Faculty of Tro

pical Medicine, Mahidol University, Bangkok 10400. 

J Med Assoc Thailand 1983;66:443-7. 


Sera collected at Phra Mongkutklao Hospital from 100 
normal pregnant women and 31 women who had aborted were 
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tested for IgG and IgM ELISA antibodies against rubella, CMV, 
HVH, Toxoplasma and syphilis. The nonnal pregnant women 
did not have IgM antibodies; however, IgG antibodies against 
rubella, CMV, Toxoplasma, syphilis, HVH1, HVH2, HVHl and 
HVH 2 were detected in 19 per cent, 3 per cent, 1 per cent, 2 
p.er cent, 4 per cent, 12 per cent and 2 per cent, respectively, 
of the women tested. 

In the women who aborted, IgM antibodies against 
TORCHES agents were positive against HVH (38.7%), rubella 
(9.6%) and CMV (3.2%). The remaining women who had 
aborted showed mixed IgM antibodies against rubella and HVH 
(9.6%); CMV, Toxoplasma and HVH (3.2%); CMV, rubella and 
HVH (3.2%); and Toxoplasma and HVH (3.2%). These results 
strongly suggest that HVH infection is the major causative 
agent of abortion in Thailand or that it is closely related to 
abortion followed by rubella and CMV infection, respectively. 

Immunopathology of Acute Rheumatic Fever and 
Rheumatic Heart Disease. The Demonstration of Cox
sackie Group B Viral Antigen in the Myocardium 
B. Pongpanich, S. Boonpucknavig, C. Wasi, P. TanphaiciJitr, 
V. Boonpucknavig 

Departments of Paediatrics and Pathology, Faculty of Medi

cine, Ramathibodi Hospital; Department of Pathobiology, Fa

CUlty of Science; and Department ofMicrobiology, Faculty of 

Medicine Siriraj Hospital, Mahidol University, Bangkok. 

Qin Rheumatology 1983; 2:217-22. 


Immunopathological studies were performed on the heart 
tissue of 12 patients with both acute rheumatic fever with car
ditis and chronic rheumatic heart disease. Coxsackie group B 
viral antigen was demonstrated in three heart specimens of pa
tients clinically compatible with active rheumatic fever. In two 
of these, the pathological fIndings were compatible with acute 
rheumatic carditis. The serum for neutralising antibodies to 
Coxsackie B 4 was 1 :40 in one of the three cases, which occur
rence was compatible with a recent infection in that patient. 
Immunoglobulin was detected in two and complement in one 
of the heart specimens. All of the chronic rheumatic heart 
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specimens and the controls were negative. These fmdings sug
gested that Coxsackie group B virus may be aetiologically relat
ed to the pathogenesis of acute rheumatic fever. 

Renal Histopathology in the Haemolytic-Uraemic 
Syndrome Following Shigellosis 
F. T. Koster, V. Boonpuc/cnavig, S. Sujaho, R.H Gilman, 
M. Mujibar RaIuunon 

Johns Hopkins University International Center for Medical Re

search, and Cholera Research Laboratory (ICDDR, B), Dacca, 

Bangladesh, and Department of Pathology, Faculty of Medi

cine, Ramathibodi Hospital, Mahidol University, Bangkok. 

Qin Nephrology 1984; 21 : 126-33. 


The haemolytic-uraemic syndrome (HUS) following dysen
tery caused by S. dysenteriae Type I, characterised by micro an
giopathic haemolytic anaemia and acute renal insufftciency, is 
clinically sim.liar but not identical to the idiopathic HUS. We 
studied renal necropsy specimens of nine children who died 
from HUS following shigellosis. Using light and immunofluo
rescent microscopy, we compared them with 12 controls: six 
cases with severe shigellosis without HUS, and six with pneumo
nia or sepsis. Eight of nine HUS cases showed cortical necrosis, 
extensive glomerular thrombosis or arterial thrombosis. Cases 
without HUS showed only scattered glomerular fIbrin, throm
bin and widening of the mesangium. Among seven HUS cases 
studied by immunofluorescent microscopy, three demonstrated 
deposition of glomerular IgM and complement (C3) and one of 
the three had IgG and IgA as well; four cases had neither im
munoglobulin or complement deposits. Among nine controls, 
two demonstrated IgM and three IgG but none had C3. Both 
HUS and non-HUS cases had fIbrin deposition. In the three 
HUS cases studied by electron microscopy, intracapillary ma
terial (fibrin and platelets) was seen in all three, and sparse elec
tron-dense deposits were seen in the mesangial matrix in one. 
The data indicate that the renal histopathology in HUS follow
ing shigellosis consistently presents symptoms of severe throm
botic microangiopathy, but lacks the characteristic endothelial 
and mesangial lesions of idiopathic HUS. The infrequent de
monstration of glomerular immunoglobulin deposition fails to 
support an immunoglobulin-mediated pathogenesis. 

INDIA: L.M. Srivastava, M.D., Ph.D., Editor 

Serum Mediated Suppression of Mitogenic Responses 
in Leprosy and Reversal by Foetal Calf Serum 
V.L. Jaswaney, J.S Nadkami. S.s. Rao 
Institute for Research in Reproduction. and Tata Memorial 
Centre, Bombay. India 
Ind J Exp Bioi 1983; 21:59-61. 

Impaired lymphocyte reactivity to PHA was observed in un
treated lepromatous leprosy (LL) patients. A signiftcant reduc
tion of mitogenic response was observed when peripheral blood 

lymphocytes (PBL) from normal subjects were incubated in the 
sera of LL patients. However, sera from tuberculoid leprosy 
(TL) patients showed only partial suppression. The mitogenic 
response of PBL from LL patients was restored to nearly nor· 
mal levels when they were incubated for 18-24 hours in a me
dium containing 20% foetal calf serum (FCS). Incubation in a 
medium with human AB sera failed to bring about any s.\lch re
storation. The cell-free supernatant of the cultures containing 
FCS but not AB sera suppressed the mitogenic response of nor .t 
mal T cells. 
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Use of Immunofluorescence Technique to Demons
trate Complement Activation In Vitro by Microbes 
O.M Prakash, V.D. Ramanathan, V. S. Gupta 

Central lalma Institute for Leprosy, Taj Ganj, Agra, India. 

Ind 1 Exp Bioi 1983; 21:674-6. 


A fluorescence assay for detecting complement activation 
in vitro by microbes at the C3 level was described and compar
ed with conventional two-dimensional immunoelectrophore
sis. 

, 
t 	 Role of Accessory Cells in In Vitro Stimulation of Rab

bit Lymphocytes by Herpes Simplex Antigens: Evi
dence for Proliferation of DH CeUs 
A. K Kapoor, I. V. Khan 

Department of Experimental Pathology, the Medical School, 

Vincent Drive, Birmingham B 152Tl, England 

Ind 1 Exp Bioi 1983; 21:294-6. 


The study demonstrates the requirement of phagocytic as 
well as of surface adherent cells in in vitro immune specific 
stimulation of rabbit blood lymphocytes to HSV type I anti
gens. On the contrary, surface-adherent cells do not appear to 
be important with regard to herpes-specific activation of lymph 
node cells (LNC). These LNC appear to contain large numbers 

;.. 	 of antigen-reactive lymphocytes which may be sufficient to in
itiate lymphoproliferative response without macrophage help. 

Circulating Immune Complexes in Glomerulonephritis 
with Special Reference to Minimal Disease 
R.L. Mehra,N.K. Ganguly, S. Seghal, P.e. SinghoJ, K.s. OIugh 

Departments of Nephrology, Microbiology and Immunology, 

Postgraduate Institute of Medical Education and Research, 

(Jlandigarh, India 

Ind 1 Med Res 1983; 77:96-106 . 
.}, 

Circulating inunune complexes (CIC) were determined in 32 
cases of glomerulonephritis and 32 normal controls utilising 
C I q-binding solid-phase assay techniques. Significantly high 
levels of CIC were detected in 61.9 per cent of cases with min
imal change glomerulonephritis and the majority of patients 
with membranoproliferative lesions, diffuse proliferative 
glomerulonephritis, focal glomerulosclerosis and chronic 
slcerosing glomerulosclerosis (p < 0.001). Low levels of com

o plement as well as positive immunofluorescence in the glomeru
lar tuft were shown in 71.4 per cent of the cases of minimal 
change glomerulonephritis. These fmdings suggest that minimal 
change glomerulonephritis may be an inunune complex disor
der in which the inunune complexes playa significant role by 
interacting with cellular receptors and releasing mediators by 

# {. 	 interfering with the helper or suppressor functions without 
accumulating in the glomerular tuft in all patients. 

Active and Total E-Rosette Fonning T-Lymphocytes in 
Pulmonary Tuberculosis 
T. Prabhu, V. Reddy 

National Institute of Virology, Pune, and Department of Pae

diatrics, Pandit l(JWaharlal Nehru Medical College, Raipur, India 

Ind 1 Med Res 1983.. 77:308-13. 


Active and total E-rosette-forming cells (A-RFC and T-RFC) 
were estimated in the peripheral blood of pulmonary tuberculo
sis patients with active disease, of relapsed cases, and treated 
cases. It was observed that in active cases A-RFC and T-RFC 
levels were decreased whereas in relapsed patients A-RFC levels 
were significantly reduced; the T-RFC levels were similar to the 
percentage observed in controls. Treated patients as well as con
trols had higher levels of both cell types. In patients who show
ed improvement after two months of treatment, there was a 
concomitant increase in the number of both cell types. How
ever, in all types of patients A-RFC appeared to be the more 
significant sUbpopulation of T-Iymphocytes. There was no re
lationship between the intensity of delayed hypersensitivity 
and the levels of A-RFC and/or T-RFC. 

Alterations in Leukocyte Rhytlun in MicrofIlaraemic 
Su bjects - A Preliminary Report 
V.K 	Srivastava, R. Chandra, l.e. Katiyar, P.K. Murthy, P.A. 
George, A.B. Sen 
Upgraded Department of Social and Preventive Medicine, K.G. 
Medical College, and Divisions of Parasitology and Biometry 
and Statistics, CDRI, Lucknow, India 
Indl Med Res 1983; 77:314-7. 

Leukocyte rhythm in microfilaria-positive subjects in an 
endemic village was studied. In normal healthy subjects, there 
was a sharp fall in the number of leukocytes after attaining ma
ximum counts, whereas in microfilaria-positive cases, the fall 
was gradual almost coinciding with the decline in microfilaria 
counts. The significance of elevated levels of leukocytes in the 
presence of microfliaria in circulating blood is discussed. 

Total Serum Immunoglobulins in Japanese Encephali
tis Patients with High IgE Levels in Acute Phase 
H 	 Bashir, K.M. Shaikh, e. Pavri, L. Ramamoorthy, S.P. 
Verma, N.J. Deuskar 
National Institute of Virology, Pune, India 
Ind 1 Med Res 1983; 77:765-9. 

Total serum immunolobulins, viz., IgM, IgG and IgA, were 
determined using the same serum samples which, in an earlier 
study, had been shown to have high levels of total serum IgE 
during the acute phase of Japanese encephalitis. Statistical 
analysis of the results showed that consistently Significant dif
ferences were observed only with 19E and not with the other 
immunoglobulins. 
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Countel"'immunoelectrophoresis for Salmonella typhi
Antigen and Antibody Detection in Typhoid 
B.N. Harish. R.S. Rao 

Department of Microbiology, Jawahar/al Institute of Post

graduate Medical Education and Research, Pondichery. India 

IndJ Med Res 1983; 77: 781-4. 


Counter-immunoelectrophoresis (CIE) was used for the 
simultaneous detection of Salmonella typhi antigen and anti
body in the sera of patients with typhoid fever using a hyperim
mune S. typhi antiserum and the sonicate of the organism. An
tigen was detected in 16 of 28 patients (56%) with positive 
blood cultures. It was not detected in any of the 47 patients 
with negative blood cultures but positive Widal tests or in 163 
control sera. Antibody was detected in 12 of the 28 (44%) posi
tive blood cultures and in 34 of the 47 (72%) WidaI-positive 
sera. Precipitating antibody was detected when agglutinin levels 
were < 160. All the patients with positive blood cultures were 
positive for either antigen or antibody. There were no false po
sitive reactions. The CIE test was found to be specific for 
typhoid and appears to hold promise as a rapid diagnostic test. 

Immune Complexes and Immunoglobulins Involved in 
Human Filariasis 
G.B.K.S. Prasad. M. V.R. Reddy, B.C. Harinath 
Department of Biochemistry, Mahatma Gandhi Institute ofMe

dical Sciences, Sevagram, India 

Ind J Med Res 1983; 77:813-6. 


Circulating immune complexes (CIC) were determined by 
using 3% PEG precipitation and complement- consumption 
tests in 40 sera of filarial patients with either microfliaraemia or 
clinical manifestations such as elephantiasis, hydrocoele etc,and 
IS healthy persons. Significantly elevated levels of CIC were 
observed in cases of clinical filariasis compared with microftla
raemia and endemic nonnals. Immunoglobulin classes involved 
in immune complexes in clinical ftlariasis were detected by im
munodiffusion and immunofluroscence assays; IgG and IgM 
were mostly found to be present in immune complexes. 

Detection and Monitoring of Microfilarial ES Antigen 
Levels by Inhibition ELISA During DEC Therapy 
A. Malhotra, B.C. Harinath 
Department of Biochemistry, Mahatma Gandhi Institute of 
Medical Sciences. Wardha. India 
Ind J Med Res 1984; 79: I 94-8. 

Inhibition ELISA for the detection of Wuchereria bancrofti 
microftlarial ES antigen has been described. Fifteen of 20 mic
rofilaraemic patients, seven of 20 cases of clinical ftlariasis, four 
of 20 endemic nonnals and none of the seven nonendemic nor
mals showed the presence of marial antigen by inhibition 
ELISA. The antigen titres during DEC therapy in 10 microfi
larial carriers showed an initial increase followed by a gradual 
decrease during treatment. 

SRIVASTAVA 

Immune Complex Mediated Cardiac Lesions in Rats 
V. Nagai. N.K Ganguly, R.N. Chakravarti 
Department of Experimental Medicine. Postgraduate Institute 
ofMedical Education and Research, Chandigarh, India 
Ind J Med Res 1984; 79:250-9. 

The effects of bovine serum albumin (BSA), its antibody 
and prefonned immune complexes (BSA-anti-BSA) on the pro
duction of cardiac and renal lesions in normal and hypercholes
terolaemic rats have been studied. Following a high fat dietJor 
a period of one month, significant hypercholesterolaemia was 
produced. Hyperlipaemic rats given immune complex injections 
showed precipitin lines against antigen and antibody in most of 
the rats. The percentage binding of CIC was of a moderate or
der and varied from 4 per cent to 10 per cent. The complement 
pool size was greatly reduced_ Various degrees of myocardial 
degeneration were seen among hypercholesterolaemic rats that 
had been given immune complexes. One animal of this group 
had extensive aortitis. MiCroscopic examination of kidneys re
vealed morphological features of immune complex glomeru
lonephritis in both nonnal and hyperlipaemic rats. 

Beclomethasone Dipropionate and Betamethasone 
Valerate with Sodium Cromoglycate in Steroid-De
pendent Asthma in Children 
S_K. Gupta, S. Chatterjee, K. Mitra 
Department of Respiratory Diseases, the Calcutta Medical Re
search Institute, and the Institute for Respiratory Diseases, Cal
cutta 
JAP! 1984; 32: 245-9. 

In a three-year study of 32 children with steroid-dependent 
extrinsic asthma and its complications, only 24 (75%) could be 
completely removed from oral steroid therapy on a pre-deter
mined schedule of a combination of beclomethasone dipropio
nate or betamethasone valerate with sodium cromoglycate, 
long-acting ACTH and an oxygen-driven aerosol of L-acetylcys
teine and salbutamol. Three patients (9%) were regarded as 
"failure cases" while five patients (16%) had to be given 
steroids intennittently (3-8 times a year) to control acute bouts 
of spasm and were regarded as being a "partial success"_ 

This report contradicts some of the published reports regard
ing oral steroids vis-a-vis steroid aerosols. 
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Scanning Electron-Microscopy on Artemisia Pollen: 
An Important Allergenic Pollen in Northern China 
s.T. Ye, B.S. Qiao, Y.1. Lu, X.Q. Li 
Department ofAllergy, Capital Hospital, Beijing 
Chinese J Otorhinolaryngol1983; 18:214-5. 

Artemisia pollen has been confirmed as an important aller
gen in northern China since the end of the 1950s. Scanning 
electron-microscopic examination of Artemisia annua and Arte
misia sieversiana was performed in our laboratory during the 
past two years. Fifteen scanning pictures are presented in this 
paper. In comparison with photomicroscopy, some morpholo
gical revisions were made on the basis of electron-microscopy 
as follows : 1) Both the A. annua and A. sieversiana pollens 
are oval longitudinally instead of spherical as previously re
cognised using photomicroscopy; 2) by direct microscale mea
surement of 159 pollen grains, the average size of A. annua and 
A. sieversiana was found to be 19.4 x 13.1 J1 and 20.2 x 13.8 J1 
respectively. They are actually smaller than measured previous
ly by photomicroscopy; 3) there are numerOUs blunt rudimen
tary spines scattered all over the exine of the pollen surface; 
4) due to the deep concavity of the furrows on the pollen, not 
a single pore of the pollen could be visualized by scanning elec
tron-microscopy: the pores were hidden by the edges of the 
furrows; and 5) in some of the pollen grains, several holes or 
warty growths from 0.5 to 2 J1 in diameter were observed at the 
surface of the pollens; they are considered to be developmental 
defects. 

Bronchial Provocation Test with Artemisia Pollen 
Antigen 
Y. Q. Pan, S. T. Ye 
Department ofAllergy, Capital Hospital, Beijing 
Chinese J Tu berc Respir Dis 1983; 6: 138-40. 

A bronchial provocation test procedure using Artemisia pol
len extract was recommended for the specific diagnosis of an 
autumnal type hay-fever and asthma induced by Artemisia 
pollen. Seventy-six per cent of a total of 41 cases, all with a po· 
sitive reaction to Artemisia pollen extract using intracutaneous 
tests, gave a positive reaction upon bronchial provocation with 
the same allergen. A fall of FEV 1 (up to 1S%) was considered 
to be the minimal margin for positive provocation reaction. 
Whe~zing rales spread from the upper lobe of each lung to the 
whole lung field following the challenge. Control tests on 30 
healthy subjects were all negative. Eosinophil examination of 
15 sputum specimens collected immediately after positive pro
vocation showed 14 positive specimens. These data indicate 
that the bronchial provocation test with Artemisia antigen is 
specific. The recommended procedure is considered to be safe 

~ -' and highly reproducible owing to the strictly controlled dosage 
of allergen inhaled and the close observation of the reaction. 

Aspirin-Induced Asthma and Aspirin Triad (Analysis 
of 30 Cases) 
H. Y. Zhang, S. T. Ye 
Department ofAllergy, Capital Hospital, Beijing 
Chinese J Tuberc Respir Dis 1983; 6: 146-8. 

Thirty cases of aspirin-induced asthma were reported. All 
had severe asthmatic attacks after a "regular" dose of aspirin. 
Sixteen of the 30 cases showed a typical aspirin triad; eight 
showed a mild skin reaction to common irlhalant allergens; 
and 12 required long-term use of corticosteroids for symptoma
tic control. Pyramidon, paracetamol, analgin and indomethacin 
also provoked attacks of asthma in some of the cases. Oral be
tamethasone and regular inhalation of beclomethasone dipro
pionate were very successful in bringing about a subsidence in 
asthmatic attacks in our patients. 

The Correlation of a Bronchial Provocation Test, In
tracutaneous Test with Artemisia Pollen Antigen and 
Serum-Specific IgE Levels 
Y.Q. Pan, N.J. He, S.Q. Duan, S. T. Ye, J.F Song, 
M Y. Fong, A.R. Wu 
Department ofAllergy, Capital Hospital, and w.H.o. Collabora· 
ting Centre for Research and Training in Immunology, Institute 
ofBasic Medical Sciences, Beijing 
ChineseJ Microbiollmmunol1983; 3:288-92. 

The results of bronchial provocation tests, intracutaneous 
tests with Artemisia pollen extract and serum-sPeCific IgE levels 
measured by ELISA were compared for a group of asthmatic 
patients. Out of 41 cases with positive intracutaneous tests, 31 
(76%) showed a positive reaction to bronchial provocation 
tests. Nineteen out of 25 patients (76%) who were positive to 
bronchial provocation, exhibited positive serum-specific IgE 
levels. Out of 28 patients with positive specific IgE measure
ment, 19 (68%) showed positive reactions to bronchial provoca
tion tests. Based on the results of this comparison, it seems that 
the degree of bronchial sensitivity cannot be predicted by the 
degree of skin reactivity and serum specific-IgE levels. Several 
factors influencing the correlation of these tests were discussed. 

Identification of Anti-idiotypes and Their Antibodies 
B. Lu, P.O. Couraud, A.D. Strosberg 

Institute of Basic Medical Sciences, Academy ofMilitary Medi

cal Sciences, Beijing, and Laboratory of Molecular Immuno

logy,lREM, CNRS - University ofParis 7, Paris. 

ChineseJ MicrobiollmmunoI1984;4:6-10. 


An ti-idiotypic antibodies were raised against anti-catechola· 
mine ligand antibodies. The anti-iditoypic response was shown 
to be cyclical and to correspond to the production of antibo
dies which could lEnd to catecholamine j3-adrenergic receptors 
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and stimulate adenylate cyclase. Disappearance of these anti
bodies from the serum could be correlated with the appearance 
of a catecholamine ligand binding activity corresponding to the 
synthesis of autologous anti-idiotypic antibodies directed 
against the induced anti-id molecules. Comparison of the in
jected versus the induced anti-ligand antibodies revealed strik
ing differences in affmity but similarity in the ability to bind 
the anti-idiotypic antibodies and to the ligand containing affmi
ty gel. The results support the existence of a functional net
work of idiotype and anti-idiotype interaction involving ex
ternal as well as internal antigens, antibodies and other types 
of molecules involved in recognition phenomena, such as hor
mone receptors. 

The Role of Macrophages in Experimental Anti-lep
tospiral Infection 
1. Fan, Ch. Yao 

Institute of Epidemiology and Microbiology, Chinese Academy 

ofMedical Sciences, Beijing. 

Chinese J Microbiollmmunol1984; 4: 17-21. 


The role of macrophages in experimental leptospiral infec
tion in mice was studied. Peritoneal macro phages taken from 
immunised mice with heat-killed leptospira were transferred 
to normal mice treated with cyclophosphamide (300 mg/kg) 
48 h e~rlier, and such mice showed specific protection against 
leptospira infection. When macrophages were damaged with 
Si02 , the level of antibody was decreased. Inunune macro
phages incubated with leptospira in vitro showed cytotoxic 
effects against leptospira. Acid phosphatase of macro phages 
was determined, and some significant differences were found 
between the functional activity of peritoneal macrophages 
taken from immunised versus normal mice, indicating that acid 
phosphatase played a role in the interaction of macrophages 
with leptospira. Our experimental results showed that both 
humoral and cellular immunity are important for resistance 
against leptospiral infection. 

Application of Single Radial Hemolysis Test for the 
Detection of Antibodies Against Dengue and other 
Togaviruses 
x. Tian, Y. Wen, H. Xu, Ch. Ai 

Institute of Microbiology and Epidemiology, Academy of Mi

litary Medical Sciences. Beijing. 

ChineseJ MicrobiollmmunoI1984;4:40-2. 


Experiments were made to detect antibodies against dengue, 
Japanese B encephilitis (JBE) and other togaviruses by the 
single radial haemolysis (SRH) test. We tested 337 serum sam
ples from healthy individuals on Hainan Island, where dengue 
epidemics were reported in 1980, twelve serum samples from 
convalescent patients with JBE, and immune mouse ascitic 
fluids against dengue 1-4, JBE, West Nile and Chikungunya 
viruses. Sera of healthy people from a nonepidemic area were 
tested as controls. The results showed that this technique is as 

YE ANDW\.) 

sensitive as the conventional haemagglutination inhibition test 
(lllT), out more specific than the HIT, and its reproducibility 
is satisfactory. It is easy to perform and therefore very useful 
in large-scale sero-epidemiologic studies of togaviruses. 

Study on the Rapid Detection ·of Dengue Virus by 
SP A Co-agglu tina tion 
R. Chen 

Institute of Military Medicine PLA, Guangzhou Unit, Guan~ 


zhou. 

Ozinese J Microbiol!mmunol1984; 4:43-4. 


The co-agglutination test were carried out with Staphylo
coccus aureus protein A-rich strain coated by anti-arbovirus im
muno-ascites fluid for the detection of dengue virus type 1-4, 
Japanese B, Chikungunya, yellow fever (l7D strain) and West 
Nile virus antigens. Positive reactions occurred only for specific 
virus antigens, and were visible to the naked eye within 1-3 
minutes. The co-agglutination titre was as high as 1:40 to 
1: 1600. Its specificity was comparable to that of the comple
ment fixation test and its sensitivity was approximately the 
same as that of the haemagglutination test. In typing dengue vi, 
rus strains isolated from patients, the results of co-agglutination 
tests were identical to those of the complement fixation and 
neutralisation tests, and well correlated with that of TCDso 
using mosquitoes. It is obvious that the co-agglutination test is 
a specific, sensitive,. easy to perform and rapid diagnostic 
method. 

Detection of Epstein-Barr Virus IgAIEA Antibody for 
Diagnosis of Nasopharyngeal Carcinoma by Immu
noauioradiography 
Y. Zeng. C. Gong, M. Jiang, L. Zhang. Zh. Fang 

Institute of Virology, Ozinese Academy of Medical Sciences, ..... 

Beijing, and Wuzhou Cancer Research Unit. Wuzhou. 

Ozinese J Microbiollmmunol1984; 4:45-7. 


An immunoautoradiographic method (IR) was used for de
tection of EB virus IgAIEA antibody in sera from a naso
pharyngeal carcinoma (NPC) patient and from other control 
groups. Ninty-six per cent of NPC patients had IgAIEA antibo
dies with a high titre of GMT. The positive rate and GMT ofigA/ 
EA antibodies in patients with malignant tumours other than 
NPC and in normal individuals were only 4 per cent and 0 per 
cent respectively. Fourteen NPC patients had no IgAIEA an
tibody detected by the immunofluorescence test (IF) and im
munoenzymatic test (IE), but II of them had IgA/VCA and six 
had IgA/EA antibodies by IR. These data indicate that IR is 
more sensitive than IF and IE for detection of IgAIEA anti- t 
body and may be used for detection of NPC. 
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Regulation of IgE Antibody Production in Mice. I. 19E 
and IgG Antibody Responses in Different Strains of 
Mice to Trichsanhes Kirilowii Maxim (TKM) 
Sh. Zheng, H. Liu, Y. Li, Y. Zhang, Y. Yu. A.R. Wu 
Department of Immunology, Institute ofBasic Medical Sciences, 
Ozinese Academy of Medical SCiences, and WHO Collaborating 
Center for Research and Training in Immunology, Beijing. 
Ozinese J Microbiollmmunol1984; 4:50-4. 

The purpose of this study was to investigate and compare 
the production of specific IgE and IgG against TKM in 8 inbred 
strains of mice when the antigen was injected with Al (OHh or 
complete Freund's adjuvant (CFA). Specific IgE and IgG anti
bodies were detected by passive cutaneous anaphylaxis (PCA) 
in rats and by ELISA, respectively. The results showed that 
TKM-specific IgE and IgG antibodies could be detected in all 
8 strains of mice after a single injection of I Jig or 5 Jig of TKM 

when Al(OHh was used as an adjuvant, and good secondary re
sponses were obtained after a booster. In contrast to Al(OH)3, 
CFA showed poor ability for eliciting IgE antibody in I-Jig 
TKM groups even though that is enough for stimulating specific 
IgG production. However, in 5-Jig TKM groups, in addition to 
IgG antibody, low level IgE antibody appeared in C3H/H3-mg, 
C3H, C57BL and DBA/2 strains after booster injection, and 
among them, only the C3H/He-mg and C57BL strains produced 
IgE antibodies during primary response. IgE responses indif
ferent sexes were also studied. Among four strains studied, 
only in Swiss mice did one sex (the females) demonstrate 
a higher IgE response than the other. Based on the magnitude 
of IgE response to I Jig TKM with Al (OHh, according to our 
own criterion, the 8 inbred strains of mice can be divided 
into 3 groups: C3H and C3H/He-mg were ranked as high re
sponders, C57BL and Swiss as low responders, and the others 
in between. 
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THE TENTH INTERNATIONAL CONFERENCE ON SARCOIDOSIS 

AND OTHER GRANULOMATOUS DISORDERS 


September 17-22/1984 

The Johns Hopkins University School of Medicine, Baltimore, Maryland, U.S.A. 


Sponsored by 

. 
, 

The International Committee on Sarcoidosis 
D. Geraint James, London 


Executive Secretary 

F. Basset, Paris 
J .S. Chapman, Dallas 
J. Chretien,Paris 
R.G. Crystal, Bethesda 
M.M. Cummings, Bethesda 
A.C. Douglas, Edinburgh 
J.P. Girard, Geneva 
A. Hanngren, Stockholm 

Y. Hosoda, Tokyo 
T .H. Hurley, Melbourne 
H.L. Israel, Philadelphia 
c.J. Johns, Baltimore 
W. JonesWilIiams,Cardi!! 
L. Levinsky, Prague 
R. Mikami, Nara 
O.B. Selroos, Lund 
A.S. Teirstein, New York 
J. Turiaf. Paris 

Local Organising Committee 
Carol Johnson Johns, M.D., President 
Victor A. McKusick, M.D., Honorary Chairman 
Ronald G. Crystal, M.D., Vice-President 
Harold L. Israel, M.D., Vice-President 
Alvin S. Teirstein, M.D., Vice-President 
N. Franklin Adkinson, Jr., M.D. 

Wilmot C. Ball, Jr., M.D. 

John R. Michael, M.D. 

Carol A. Newill, Ph.D. 

Solbert Perrnutt, M.D. 

Peter B. Terry, M.D. 

William F. Willoughby, M.D. 


,.. 

The primary goal is to bring together a multidisci
plinary group of basic and clinical scientists and clini
cians. New knowledge about the pathogenesis of gra
nuloma formation and the fundamental mechanisms 
of lung injury and inflammation will intersect with 
the clinical assessment and management of granulo
matous disease, with a special emphasis on sarcoido
sis. Both pUlmonary and extrapulmonary sarcoidosis 
will be discussed. 

The conference will have nine half-day sessions of 
scientific presentations, including a special session 
Wednesday morning with outstanding speakers from 
the U.S. National Institutes of Health. Then a free 
afternoon will permit sightseeing and visits in Wash
ington or other surrounding areas. On Saturday 
morning, three relevant cases will be discussed at the 
regular Johns Hopkins Medical Grand Rounds. Re
gistrants are invited to participate. 

Carol Johnson Johns, M.D. 
The Johns Hopkins University 

School of Medicine 
720 Rutland Avenue 
Baltimore, MD 21205, U.S.A . 
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The Asian Pacific Journal of Allergy and Immunology in
vites the submission of original manuscripts on allergy and im
munology. Manuscripts should be sent in duplicate to the office 
of the Editor, Dr. Somchai Bovornkitti, Department of Medi· 
cine, Faculty of Medicine Siriraj Hospital, Bangkok 10700, 
Thailand. 

Preparation of Manuscript 

Type manuscript on white bond paper 20.3 by 26.7 cm or 
21.6 by 27 .9 cm with margins of at least 2.5 cm Use double 
spacing throughout, including title page, surrunary, tex t, ac
knowledgments , references, tables, and legends for illustrations. 
Begin each of the following sections on separate pages : title 
page, summary, text, acknowledgments, references , individual 
tables, and legends. Number pages consecutively , beginning 
with the title page. Type the page number in the upper right 
hand corner of each page. 

Title Page 

The title page should contain (I) the title of the article; (2) 
a short running head; (3) first name , middle initial, and last 
name of each author, with highest academic degree (s); (4) 
name of department (s) and institution (s) ; (5) the source(s) 
of support in the form of grants, equipment, and/or drugs . 

Summary 

The second page should carry an abstract of not more than 
150 words. 

Text 

The text of observational and experimental articles is divid
ed into sections with the headings Introduction, Materials and 
Methods, Results, and Discussion . 

References 

Number references consecutively in the order in which they 
are first mentioned in the text. Identify references in text, 
tables, and legends by arabic numerals. 

Use the form of references used in Index Medicus. The titles 
of journals should be abbreviated according to the style used 
by Index Medicus. 

Try to avoid using abstracts as references; "unpublished ob 
servations" and "personal communications" may be inserted in 
the text. 

Examples of correct forms of references are given below. 

Journal 

1. Standard Journal Article (List all authors when six orIess; 
when seven or more, list only first three and add et al) 

Solter NA, Was'serman SI , Austen KF . Cold urticaria: 
release into the circulation of histamine and eosino· 
philic chemotactic factor of anaphylaxis during cold 
chalJenge. N Engl J Med 1976 ; 294:687-90. 

2 . Corporate Author 
Committee on Enzymes of the Scandinavian Society 
for Clinical Chemistry and Clinical Psychology . Re
conunended method for the determination of gamma
flutamyltransferase in blood. Scand J Clin Lab Invest 
1976;36:119-25. 
Anonymous. Epidemiology for primary health care . 
IntJ Epidemiol1976 : 5: 224-5. 

Books and other monographs. 

3. Personal Author (s) 
Osler AG. Complement: mechanisms and functions . 
Englewood Cliffs: Prentice-Hall , 1976. 

4 . Corporate Author 
American Medical Association Department of Drugs. 
AMA drug evaluations. 3rd ed . Littleton: Publishing 
Sciences Group, 1977. 

5. 	Editor, Compiler, Chairman as Author 
Rhodes AJ, Van Rooyen CE, comps. Textbook of 
virology : for students and practitioners of medicine 
and other health sciences. 5th ed . Baltimore: Williams 
& Wilkins, 1968. 

6 . 	Chapter in Book 
Weinstein L, Swartz MN. Pathogenetic properties of 
invading microorganisms. In: Sodeman WA Jr , Sode
man WA, eds, Pathologic physiology : mechanisms of 
disease. Philadelphia: WB Saunders, 1974:457-72. 

7. Agency Publication 
National Center for Health Statistics. Acute condi
tions : incidence and associated disability., United States 
July 1968-1969. Rockville , Md .: National Center for 
Health Statistics, 1972. (Vital and health statistics. 
Series 10: Data from the National Health Survey, no. 
69) (DHEW publication no . [HSM] 72-1036). 

Illustrations 

Submit the required number of complete sets of figures . Fi
gures should be professionally drawn and photographed. Send 
sharp, glossy black-and-white photographic prints, usually 12.7 
by 17.3 cm but no larger than 20.3 by 25.4 cm Titles and de 
tailed explanations belong in the legends for illustrations, not 
on the illustrations themselves. 

Each figure should have a label pasted on its back indicating 
the number of the figure , the names of the authors, and the top 
of the figure . Do not write on the back of the figures or mount 
them on cardboard, or scratch or mar them using paper clips" 

Photomicrographs must have internal scale markers. Sym
bols, arrows , or letters used in the photomicrographs should 
contrast with the background. 

Cite each figure in the text in consecutive order. If a figure 
has been published, acknowledge the original source and submit 
written permission from the copyright holder to reproduce the 
material. 
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For illustrations in colour, supply colour negatives or positive 
transparencies and, when necessary, accompanying drawings 
marked to indicate the region to be reproduced; in addition, 
send two positive colour prints to assist editors in making re
commendations_ Our journal will publish illustrations in colour 
only if the author pays for the extra cost-

Submission of Manuscripts 

Mail the required number of manuscript copies in a heavy 
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paper envelope, enclosing the manuscript copies and figures in 
cardboard, if necessary, to prevent bending of photographs dur
ing mail handling Place photographs and transparencies in a 
separate heavy:paper envelope. 

Manuscripts shoUld be accompanied by a covering letter 
from the author who will be responsible for correspondence reo 
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EDITORIALS_____________________ 

A Malaria Vaccine-Necessary But Not Sufficient 

In 1983 there were 220 million 
cases of malaria world-wide - most
ly caused by Plasmodiumfalciparum 
In tropical Africa alone there were 
one million malaria deaths among 
children. At the present time 2 bil
lion people live at risk in malarious 
areas of the world. Malaria is with
out doubt the most destructive of 
infectious diseases and the harm it 
does is not only measured in cost to 
human life but also in the destruc
tion of human potential. 

During the 1970s the World 
Health Organisation's strategy for 
the eradication of malaria began to 
deteriorate. National malaria pro
grammes mounted in the 1950s and 
1960s were based on the availabi
lity of new and effective residual 
insecticides for the control of the 
mosquito vector and antimalarial 
drugs for prophalaxis and treatment 
of infection. Implementation of 
these programmes required major re
source and financial expenditures. 
Erosion of these efforts came 
about basically In three ways. 
First, partial successes to the 
eradication strategy produced a 
false optimism which reduced na
tional health priorities and expen
ditures for malaria control. Second, 
the anopheline mosquito began to 
develop resistance to residual insec
ticides. Third , the major human 
malaria pathogen, Plasmodium fal
ciparum. developed resistance at an 
alanning pace to the available arma
mentarium of antimalarial drugs. 
These factors and others have com

bined to produce a situation today 
that WHO characterises as stagnant. I 

It is, therefore , no surprise that 
the current prospect for the deve
lopment 0 f a malaria vaccine has 
been received with much hope and 
enthusiasm. The idea of a malaria 
vaccine is of course not new, bu t 
since about 1980 a critical effort 
has been underway to field a pro
duct for human use. Work on deve
loping a vaccine has been spu rred 
by major scientific advances occur
ing throughou t the 1970s - hy bri
doma techniques for producing mo
noclonal antibodies , recombinant 
DNA methodology essential to gene 
cloning and, in the specific case of 
the malaria parasite, the technique 
for cultivating P. falciparum. 

Work on developing a vaccine has 
progressed along three lines of attack 
on the complex malaria life-cycle 
targeting specifically the sporozoite , 
blood stage and gamete fOlms . The 
most promising development has 
been towards the production of a 
sporozoite vaccine. The prospect 
for a vaccine against the gamete is 
also good. Identification of the re
levant blood stage antigens has pro
ven more difficult, although a num
~er of candidate antigens are under 
intensive study. 

Malariologists have, however, re
cognised that there are practical 
problems involved wi th a vaccine 
directed at only one point in the 
malaria organism's life-cycle. A 
sporozoite vaccine must have an 
"all-or-none effect," since a single 

surviving sporozoite reaching the 
host's liver has the potential for 
causing infection. A gamete vaccine 
which wou Id act to block transmis
sion of infection is at best a tool for 
use in the long-range control of 
malaria. In the case of a blood 
stage vaccine, infection would not 
be prevented but a ttenuation of 
clinical symptoms would be achiev
ed. Because of these individual vac
cine consid era tions, there is a con
sensus for a combination or poly
valent vaccine aimed at all three 
stages in the life cycle 0 f P. falci
parum. 2 

Even if the ideal of a polyvalent 
malaria vacc ine is achieved , there 
will be, nonetheless, serious prob
lems with its practical application . 
The issue is whether a malaria vac
cine will be effective in a malaria 
endemic population. For nonim
mune individuals even a monova
lent vaccine may provide limited 
but useful protection, but for a 
malaria endemic population it is 
questionable whether immunisation 
can be achieved in a majority of in
d ividuals . 

Under natural conditions protec
tive immu ni ty to infectio 11 with P. 
j'alciparum is poorly acquired, often 
incomplete and transient. Immuno
suppression is a major feature of 
falciparum malaria and immu nisa
tion even wi th heterologous anti
gens can be difficult. In addition 
the parasite may introduce compli
cations through antigenic heteroge
neity or other mechanisms for eva
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ding host defences. 
Success against these rather for

midable problems regarding a ma
laria vaccine will only be achieved 
through a long process of field test
ing and refinement. The message 
here is that while the development 
of a prototype malaria vaccine may 
be imminent, an efficacious vaccine 
for most of the world's at-risk 
population may be expected at best 
in the distant future. 

We must not, therefore, allow 
our enthusiasm for a vaccine solu
tion to the malaria problem to 
obscure the immediate and near 
future realities of malaria's actual 
and potential destructive force. 
The lessons of past failures in our 
struggle against malaria should 
teach us that we must bring to bear 
on malaria all the weapons we can 
muster. This means not only a 
vaccine but innovative means of 
vector control and new and noval 
chemotherapeutic agents. 

In particular we need new an
timalarial drugs . It must be recog
nised that we have reached the 
point where P. [aiciparum has de
monstra ted resistance to all the cli
nically proven drugs - including 
the newest, mefloquine. What 
should be most disturbing is that 
after mefloquine there are only a 
few candidate drugs under develop
ment and most of these are struc
tually related to mefloquine and 
thus are potentially subject to 
cross-resistance. So there is a very 
real possibility that in 5-10 years 
we may have exhausted our chemo
therapeutic resources against mala
ria. 

Thus it should be obvious that 
concurrent with vaccine develop
ment there should be a programme 
for the production of antimalarial 
drugs. Yet during the past 20 years 
there has been only one sustained 
effort for antimalarial drug develop
ment: the US Army's Walter Reed 
programme which produced meflo
quine. The basic approach in this 
programme is empirical search for 
lead compounds which are then ra
tionally developed. Giv~n the cur
rent malaria situation this approach 
cannot be counted upon to produce 
the diversity and number of drugs 
needed. One or two more drugs in 
the next 20 years - even if achiev
ed by empirical search - will not 
solve the problem. What is needed 
is a truly rational approach to the 
development of antimalarial drugs. 3 

By rational is meant the design of 
agents based on a detailed under
standing of the malaria parasite's 
biochemistry whereby parasite-uni
que metabolic features are selected 
for drug targeting. In addition, bio
chemical targeting and agent design 
must in the case of malaria be com
plemented by an understanding of 
the molecular basis of resistance to 
current drugs. 

The new biotechnology provides 
a powerful tool with which to pur
sue the objective of rational drug 
development. What is needed is a 
"critical mass" of scientific talent 
sensitised to the unique problems 
of malaria drug development with 
long-range institutional support and 
international coordiation. 

A rational approach to antima
larial drug development is an 
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achievable goal. But it is a costly 
and demanding one and therefore 
must compete with other ap
proaches such as vaccine develop
ment. At the current time a first 
generation malaria vaccine may be a 
soon-to-be achievement. This is 
not the case for a rationally de
veloped new antimalarial drug. It is 
a ma tter of concern tha t the pro
spect of a vaccine will devalue the 
emphasis and hence support for 
drug development. We must not let 
this happen. For, while a malaria 
vaccine is necessary, it is not alone 
sufficient to control and eventually 
eliminate the world malaria prob
lem. 

H. Kyle Webster, Ph.D. 
Department ofImmunology & 

Biochemistry, US Army Medical 
Component, Armed Forces Research 

Institute ofMedical Sciences (Bangkok, 
Thailand), APO San Francisco 96346 
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The Current Clinical Value of Broncho-alveolar 

Lavage: A Personal View 


Broncho-alveolar lavage was first 
introduced in the mid-1960s to 
remove tenacious secretions from 
patients with asthma and cystic fibro
sis ; it was also developed into a pro
cedure of whole lung lavage in the 
treatment of alveolar proteinosis. ' 

It was reintroduced in the late 
1960s and early 1970s in an at
tempt to identify cells and products 
from the lungs that could not be 
sampled from the blood. The pro
cedure has provided a large amou nt 
of exciting material for research 
fundamental to chronic inflamma
tion at tissue sites and has given 
much insight about the interaction 
of individual cell types, since lavage 
cells are living and can be maintain
ed in tissue culture over consider
able periods of time . Lavage has 
been especially exciting as a tool to 
evaluate the function and morpho
logy of living alveolar macrophages 
because these possess properties dif
ferent from monocytes and cannot, 
of course, be studied from blood 
samples. 

Some claims have been made for 
the value of lavage in a clinical con
text. Some of these have been ful
filled and others not. The purpose 
of this edi torial is to presen t a per
sonal view of the current position, 
recognising that it is not possible to 
do full justice to all the work un
dertaken, some of which presents 
conflicting results. Nor is it intend
ed as a final judgement, for much 
more work still needs to be done. 

What are the questions? 
The question of what is the "cli

nical value" of lavage must be stated 
more precisely because 'clinical 
value' can be defined under at least 
three headings: 

1. The diagnostic value. 
2. The value in indicating the 

need to initiate therapy . 
3. The value in monitoring activi

ty in the titration of drugs 
during the course of therapy . 

Diagnosis 

Lavage is of considerable value in 
diagnosis provided that the speci
mens are properly evaluated by ex
perienced pathologists and prepar
ed and stained appropriately. 
Lavage has two orders of diagnostic 
value: first, through its pathogno
monic appearances and, second, by 
differential counts, suggesting a 
priority of more probable diagnoses 
without implying absolute specifi
city . 

Some of the pathognomonic ap
pearances include those of malig
nant cells in lung cancer or lympho
mas; the presence of Langerhans' 
cells on electron microscopy in 
eosinophilic granuloma; the pre
sence of iron-laden macrophages in 
idiopathic pulmonary haemosidero
sis; the presence of asbestos bodies 
in those exposed to asbestos, and 
other identifiable materials encoun
tered in specific occupations such 
as those using silica, talc and 
hard metals . Microprobe analysis 

will identify these specifically, but 
the characteristics of the material 
are often suggested in a routine pre
paration or under polarised light. 

Ex tracellular eosinophilic ma te
rial, highly suggestive of alveolar 
proteinosis, may establish a rare 
diagnosis, important because of its 
specific treatment. Other features 
may strongly support this diagnosis. 
Electron microscopy will confirm 
the presence of the whorled lamel
lar bodies, so characteristic of this 
condition. In some cases, even the 
macroscopic appearance of lavage 
fluid is almost diagnostic and 
"milky" opaque fluid is highly sug
gestive of alveolar proteinosis, even 
on naked eye examination . 

Examination of lavage fluid can 
be ex tremely valuable in the diag
nosis of infection, especially by 
opportunist organisms, provided 
that specimens are stained correct
ly. This usually requ ires an appro
priate index of suspicion by the 
physician before lavage is under
taken, so that the pa thologists may 
be alerted to process the specimens 
optimally. For example, Pneurno
cystis carinii cysts can frequently 
be found if silver stains are used; 
fungal mycelia may be similarly 
identified. Cytomegalovirus in
clusions may be seen with Giemsa's 
stains, suggesting this type of 
specific pneumonia. Culture for 
bacteria, including M. tuberculosis, 
may yield valuable diagnostic in
formation . Because unusual pneu
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monias are often important, it is 
wise to include a wide range of 
culture media appropriate for acid 
fast bacilli, fungi, Actinomyces 
and Nocardia, as well as more com
mon organisms. 

Differential counts of inflamma
tory cells, although far from speci
fic , may have diagnostic value in 
suggesting a priority of likely pos
sibilities in interstitial lung disease. 
For example, very high lymphocyte 
counts of greater than 60 per cent 
are more likely to indicate a hyper
sensitivity pneumonitis or tuber
culosis than sarcoidosis and one or 
other of these conditions is far 
more likely than that of crypto
genic fibrosing alveolitis (synonym: 
idiopathic pulmonary fibrosis), 
which very rarely produces a lym
phocyte count of this order. On the 
other hand, high neutrophil counts 
of greater than 50 per cent may 
suggest a bronchial component to 
the lavage material or the presence 
of a bacterial infection. Moderately 
raised neutrophil counts are com
mon in fibrosing alveoli tis and may 
occur in the late fibrotic stages of 
any form of interstitial lung disease, 
including asbestosis , fibrotic sarcoi
dosis and late-stage hy persensitivi ty 
pneumonitis. 

A cell profile may give more in
formation than increases in a single 
cell type. For example, ly"mpho
cytes, together with mast cells, are 
more characteristic of hypersensi
tivity pneumonitis than sarcoidosis . 
The frequency of atypical " activat
ed" lymphocyte is also often grea
ter in hypersensitivity pneumonitis 
than in sarcoidosis, although occur
ring in both. 

An increase in neutrophils, toge
ther wi th eosinophils, is more 
characteristic of cryptogenic fibros
ing alveolitis with or without asso
ciated connective tissue disorders 
than asbestosis but, in the latter, 
large numbers of asbestos bodies 
are almost invariably seen. 

Thus, differential counts, inter
preted by an experienced patholo
gist with good preparations, can be 
of great value. Poor preparations, 

preparations, viewed by someone 
unfamiliar with the subtleties of 
lavage samples, will certainly not 
provide optimal results and may lead 
to misleading reports being issued. In 
particular cell distortion can lead to 
other cell types, especially macro
phages, being counted as lympho
cytes with obvious misleading 
implications. 

Sporadic i II-considered lavages, 
performed and interpeted by non
experts, should not be undertaken. 
Under these circumstances, it is 
probably wiser to remain on more 
secure ground using lung biopsies, 
remembering that small tissue 
samples of transbronchial biopsies 
are, themselves, often misleading in 
interstitial lung disease, and parti
cularly when examined by a non
specialist pulmonary pathologist. 
Our current preference is for open 
biopsy in the diagnosis and staging 
of interstitial disease, where patho
gnomonic appearances are less 
likely, and where other diagnostic 
procedures have failed. 

Lavage as an indicator to initiate 
therapy 

It has been suggested that a high 
lymphocyte count (greater than 28 
per cent T cells) in sarcoidosis1 in
dicates the need to start steroid 
therapy . The basis for this is that a 
group of patients with high counts 
showed a greater clinical deteriora
tion over six months compared with 
those having fewer T lymphocytes. 
Before this policy is adopted two 
add itional facts need to be consi
dered. First , about 70 per cent of 
patients with sarcoidosis having 
parenchymal shadows will resolve 
spontaneously without treatment. 
This implies that they may pass 
through a phase of some physiolo
gical and radiographic deterioration 
but still remit spontaneously and, 
in the view of many physicians, do 
not require treatment. High Iympo
cyte counts under these circum
stances do not necessarily imply 
continuing progressive disease in 
the longer term. Second, many 
patients with more persistent chro-
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nic sarcoidosis have normal or only 
slightly raised lymphocyte counts, 
bu t will respond su bstan tially to 
treatment. To deny these patients 
the chance of improvement on the 
basis of the lymphocyte count 
would not seem to be wise. Abso
lute statements about which pa
tients require and do not require 
treatment with steroids are, how
ever, not yet agreed upon and there 
is a very wide variety of physicians' 
opinion. Until this metter is clarifi
ed, it is wise not to rely on a lympho
cyte count alone, which has clear 
logical and factual limitations, as 
summarised above. The overall 
state of the individual patient, using 
the clinical, physiological and radio
graphic state and the progress over 
time , are certainly as important, 
and perhaps more important, than a 
single lavage lymphocyte count in 
indicating progression towards 
chronicity and a likelihood of de
veloping irreversible fibrosis. Even 
when the lavage lymphocyte count 
is combined with a 67gallium scan, 
there is too great a discordance 
between these measurements to 
allow them to be used alone as in
dicators for treatment. 

It has also been suggested that a 
neutrophil count of 10 per cent and 
greater and a positive 67gallium scan 
in IPF distinguishes those with a 
tendency towards deterioration on 
steroids, while those wi th neu tro
phils of less than 10 per cent do bet
ter. 3 The arguments here are some
what different. The tendency for t) . 

IPF to progress is very much greater 
than in sarcoidosis and many series 
have now shown that about 50 per 
cent of patients die within four 
years of first presentation. Moreover, 
there is now cOQsiderable indirect 
information that a better response 
to steroids is achieved when the 
disease is at an earlier stage. Thus, 
a good case can be made for trea t
ing all cases (other clinical factors 
being acceptable) and not to rely 
on any arbitrary indicator, be it a 
physiologic, radiographic or lavage 
one. Further, wh ile some cases 
with high neutrophils respond 
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to corticosteroids, those with a 
somewhat raised lymphocyte count 
respond particularly well and the 
neutrophil count in these is often 
relatively low. Thus, to depend on 
the neu trophil count alone is to 
deny the administration of steroids 
in perhaps the best (albeit minori
ty) group of al1- 4 

Lavage as a tool to monitor activity 
during treatment and to adjust drug 
dosage 

Lavage in the context of adjust
ing therapy has, so far, been per
haps the most disappointing aspect 
of lavage as a clinical tooL 

In sarcoidosis and hypersensitivi
ty pneumonitis, lymphocyte counts 
often remain substantially raised 
when all other modalities of assess
ment have returned to normal. 
Few biopsies are available to estab
lish the meaning of these results. 
That they do not necessarily re
flect a consistently more sensitive 
index of activity is, however, sug
gested by the not infrequent find
ing of an improving radiograph and 
physiology in the presence of a 
normal lymphocyte count- Under 
these circumstances, the lympho
cyte count appears to be relatively 
less sensitive. 

In one study comparing cell 
counts in lavage samples before and 
during treatment of sarcoidosis, 
there was less discordance of results 
(Le. one modality improving while 
another deteriorated) between the 
radiograph and gallium scan , the 
radiograph and a ngiotensin con
verting enzyme (ACE), and gallium 
scan and ACE, than between lavage 
lymphocytes and any of the other 
measu rements. 

Serial lavages in CFA have, with 
one exception , proved somewhat 
disappOinting in that neutrophils 
and eosinophils frequently remain 
persistently raised in both deterio
rating as well as stable steroid un
responsive cases. Thus, while 
deterioration seems to relate to 
raised neutrophils or eosinophils 
when patient groups are studied, 
this is not a consistent finding in 

individual patients, even when 
followed over several years (mean 
of four years in the particular study 
quoted) (personal observation). Of 
some interest is the observation 
that , in the small group of patients 
who responded well to steroids or 
cyclophosphamide, there was a 
trend of change towards normal in 
all types of inflammatory cell. 
Thus, it may be possible to use 
normalisation of counts as a marker 
for continuing remission of the un
derlying inflammatory process and, 
thus, allow for a greater reduction 
of doses of therapeutic agents. If 
these findings can be confirmed in 
even longer studies, the question 
of when drug therapy may be 
stopped in cases of fibrosing alveoli
tis may be answered. 

Conclusion 

The clinical value of broncho
alveolar lavage needs careful speci
fication. In expert hands, and 
when special preparations or stains 
are used, it can be of considerable 
value diagnostically, both in terms 
of pathognomonic appearances and 
in suggesting a priority of diagnosis 
based on differential inflammatory 
cell counts . 

In the author's view, lavage cell 
counts have not yet been proven to 
be reliable indicators upon which 
to make a decision to start treat
ment in either sarcoidosis or IPF. 
The frequent lack of concordance 
between the various modalities to 
assess "activity" and "progression 
of disease" make it unwise, at the 
present time, to rely on lavage 
lymphocyte counts for this pur
pose. 

Likewise, serial lavage coun ts 
have not shown a close correia tion 
with progression of disease when 
individual patients are studied and, 
in particular, patients with ap
parently stable disease may have 
con tinually raised neutrophil and 
eosinophil counts which persist 
over quite long periods of time. 
Counts do, however, tend to fall 
towards normal in those who have 

responded well and continued 
monitoring of a normal count may, 
perhaps, provide an additional 
method to aid monitoring of these 
patients while drug doses are being 
reduced . Thus, the value in this 
particular sub-group of patients, 
when an equally specific question 
is being asked, may be considerable. 

Overall, alveolar lavage has pro
vided an important new tool in at
tempting to understand disease. Its 
use by the clinician has been sum
marised and it can be extremely 
valuable, but changes observed in 
groups of patients cannot always be 
used to manage individuals. Thus, 
as indicated, the precise circum
stances, in which it has value, have 
to be recognised. There is now con
siderable evidence that, over-re
liance on particular types of cell 
count alone in individual patient 
management, is not justified . We 
must neither over- nor underesti 
mate the clinical value of lavage, 
but use it sensibly in individual pa
tients in the context of other in
formation. 

Margaret Turner-Warwick, 
M.A., D.M., FRCP, Ph.D. 

Director, Department ofThoracic 
Medicine, The Cardiothoracic 

Institute, University ofLondon, UK. 
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Enhancement of Cytostatic Activity of 
Macrophages Against MOPC-31 5 Tumour 
Cells by Combined Cyclophosphamide 
Administration and Immunisation with 
Glutaraldehyde-treated Tumour Cells * 

Rachel Ophir, Ph.D. 
Shlomo Ben-Efraim, Ph.D. 
Edgar H. Relyveld, Ph.D. 

It has been reported that cyclo
phosphamide (CY) proten tia tes cell SUMMARY Spleen cells of BALB/c mice injected with cyclophosphamide 
mediated immune responses, I such (CY:100 mg/kg i.p.), and one day later with glutaraldehyde-treated MOPC·315 
as delayed-type hypersensitivity / tumour cells (GA-MOPC:25x106 cells/mouse i.p.), exhibited cytostatic activity 
contact sensitivity,3 auto-immune in vitro against MOPC·315 tumour cells, when tested on the sixth day but not 
response4 and antitumour immune when tested on the 28th day after CY injection. Spleen cells from mice injected 
response.s Moreover, the eradica with CY alone or with GA-MOPC cells only were not cytostatic. The cytostatic 
tion of established MOPC-31S activity (decrease in thymidine incorporation by tumour cells) was detected in 
tumours was assumed to be due to unfractionated spleen cell suspensions, in spleen cell suspensions depleted of T 
cooperation between the CY effect cells, in the glasswool-adherent macrophage-enriched population but not in the 
and the host's anti tumour immuni nylon wool nonadherent T-enriched population. The cytostatic activity of the 
ty.6 It was also shown that the com macrophage-enriched population was not affected by the addition of T cells. The 
bination of CY with immunothe T-enriched population was devoid of cytostatic activity even when supplemented 
rapy was more effective than of with various amounts of macrophages. Most mice injected with CY and GA
either one alone against tumours.?-IO MOPC cells were resistant to inoculation with a tumourigenic dose of MOPC-315 
Potentiation 0 f cell-mediated im tumour cells. 
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munological response by CY was re
lated to its selective effect on sup ASIAN PACIFIC J ALLERG IMMUN 1984; 2 : 175-180. 

pressor T celisS ,Il-13 or to the selec
tive depletion of B cells. 14 We have 
shown lS that immunisation with 
syngeneic M OPC-3 15 tumour cells 
treated with glutaraldehyde (GA
MOPC cells) afforded partial pro
tection against inoculation with a 
tumourigenic dose of MOPC-31S 
cells. The aim of the present work 
was to determine whether admin
istration of CY would increase the 
immune response induced by the 
injection of GA-MOPC cells as ex
pressed by the generation of .~'\ 

cytostatic activity of spleen cells 
in vitro against MOPC-31S tumour 
cells. 

MATERIALS AND METHODS 

Mice and tumour 

BALB/c male mice between 8 
and 12 weeks of age, selected from 
a breeding colony of the He brew 
University at Jerusalem, were used 
in this study. The MOPC-315 mye
loma cell line was derived from a 

plasma tumour originally induced 
in BALB/c mice by the intraperi
toneal injection of mineral Oil .16 An 
in vitro line of MOPC-31S tumour 
cells, adapted to growth in cul
ture"? was maintained by serial 
passages in RPMI 1640 medium 

*From the Department of Human Microbio
logy, Sackler School of Medicine, Tel·Aiv Uni
versity, Tel-Aviv 69978, Israel, and the Depart
ment of Bacterial Vaccines, Institut Pasteur, 
92380 Carches, France. 
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(Grand Island Biological Company, 
Grand Island, NY, USA) supple
mented with 100 units/ml penicil
lin, 100 Ilg/ml streptomycin, 2 
mmole/ml L-glutamine and 10 per 
cent foetal calf serum (complete 
medium). The viability of tumour 
cells in cultures was approximately 
90 per cent as shown by trypan 
blue dye (0.1 per cent) exclusion 
test. The in vitro grown line was 
used in all experiments. 

GA treatment of tumour cells (GA
MOPC) 

Tumour cells were washed three 
times in PBS, pH 7.2, and resus
pended at a concentration of 2x 
107 viable cells/ml. A volume of 
0.2 ml of the cell suspension was 
mixed with 1.8 ml of 0 .02 per cent 
GA (TAAB, England) solution in 
PBS and kept for 10 minutes at 
room temperature. The GA-treated 
cells were washed by three su bse
quent centrifugations at 100xg for 
7 minutes at 4°C and resuspended 
in PBS to a concentration of 5x 
107 cells/ml for injections. 

In vivo treatments 

Groups of mice were injected 
with a freshly prepared solu tion. of 
100 mg/kg CY in distilled water 
(Taro, Haifa, Israel, Iyophllised 
powder), i.p. on day 0, and one day 
later were immunised with 25x 106 

GA-MOPC cells/0.5 ml i.p . and 
sacrificed on the six th day (if not 
stated otherwise) for harvesting of 
spleen cells. Groups of untreated 
mice, 0 f mice injected with CY 
only or of mice receiving only GA
MOPC cells served as controls. Mice 
injected with CY and GA-MOPC 
tumour cells and with CY alone was 
also inoculated i.p. with a tumouri
genic dose of 5x I 04 viable MOPC
315 tumour cells eigh t days after 
CY administration. The mortality 
of tumour-bearing mice was record
ed and compared with that of ino
culated, untreated mice. 

Cell preparations 

Intact spleen cell suspensions, T
depleted spleen cell suspension, 

macrophage-enriched and T-enrich
ed spleen cell fractions were used. 
Spleen cell suspensions were pre
pared in RPMI medium (without 
FCS) and finally resuspended in 
complete RPMI medium supple
mented with 5x10-s M 2-mercap
toethanol. T-cell depletion was 
achieved by incubating Ixl07 

viable spleen cells/ml with an equal 
volume of a I :5,000 dilution of 
anti-Thy 1,2 monoclonal antibody 
(Booth, England) and an equal 
volume of I :20 fresh guinea pig 
serum as the source of complement. 
Preliminary tests showed that 
approximately 98 per cent of 
thymocytes were killed by this pro
cedure. A T-enriched fraction was 
obtained by passage through a glass
wool column IS and subsequent pas
sage through a nylon-wool column. 19 

The nylon-wool nonadherent frac
tion contained more that 98 per 
cent anti-Thy 1,2 sensitive cells as 
shown by cytotoxic assay with mo
noclonal anti-Thy I, 2 antibody. 
The macrophage-enriched popula
tion was obtained by elution of 
cells adherent to the glasswool 
column with warm PBS containing 
0 .02 per cent EDTA.'S 

In vitro Cytostatic assay 

The assay is based on the inhi
bition of DNA synthe!lis of MOPC
315 tumour cells by spleen cells 
in vitro and was performed as 
described. 20 A mixture of 0.05 ml 
of I x 105 spleen cells and 0.05 ml 
of Ix 103 target tumour cells per 
well (E/T ratio of 100/1) in com
plete medium supplemented with 
5x10-s M 2-mercaptoethanol was 
incubated in 96-well fiat-bottom 
tissue culture plates (Linbro, USA) 
at 3TC in a humidified atmosphere 
of 5 per cent CO2 for 24 hours. A 
quantity of 0.5 IlCi eH) thymidine 
[(3H) dT, Nuclear Center, Negev, Is
rael] in 0.05 ml/well was tken 
added and the incubation was con
tinued for another 18 hours. The 
cultures were terminated by adsorp
tion onto glass filter disc papers by 
the use of an automatic harvester 
and counted in a Packard beta 
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counter. Each combination mix
ture was performed in 4-6 parallel 
samples. The incorporation of (3H) 
dT within MOPC-315 cells was cal
culated by substracting the back
ground value of spleen cells alone 
from the value of total incorpora
tion in mixed cultures of spleen 
cells and tumour cells. Parallel 
cultures containing mitomycin
treated tumour cells were also in
cluded in order to evaluate the pos
sible stimulation of DNA synthesis 
in effector cells by tumour anti- .~ 
gens. The rate of eH) dT incor
poration did not differ appreciably 
between effector cells alone and 
effector cells mixed with mitomy
cin-treated tumour cells. For com
parison, the rate of eH) dT incor
poration was also determined in 
tumour cells incubated without the 
addition of Spleen cells. 

Sta tis tical analysis 

The significance 0 f cytostatic 
effect was evaluated by the Stu
dent's t test. Differences were con
sidered significant when P was less 
than 0 .05. 

RESULTS 

Antitumour cytostatic activity in 
intact spleen-cell populations 

The cytostatic activity was 
evaluated in spleen cells of untreat
ed mice, mice injected with CY and 
GA-MOPC cells and mice injected 
either with CY or with GA-MOPC 
cells. As shown in Figure I, the in- " 
tact spleen cell population taken on 
the sixth day from mice injected 
with CY 100 mg/kg (day 0) and 
25x 106 GA-MOPC cells (day I) 
exhibited cytostatic activity in vitro 
towards MOPC-315 tumour cells 
whereas spleen cells of normal 
mice, of mice injected either with 
CY or with GA-MOPC celis, were 
not cytostatic. Usually no signifi
cant difference was found in the 
rate of eH) dT incorporation bet
ween tumour cells incubated with 
spleen cells from normal mice and <, 
tumour cells incubated without the 
addition of spleen cells (Figs. 1,2,3). 
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Fig. 1 Cytostatic activity of intact spleen cell populations towards MOPC-315 tumour 

cells following injection of cyclophosphamide (CY) and immunisation with glutaral

dehyde treated MOPC-315 tumour cells (GA-MOPC), as expressed by the rate of eH] 
dT uptake. Tumour cells alone (.); tumour cells mixed with spleen-cell suspen
sions (D); CY (100 mg/kg) was given i.p. on day 0; GA-MOPC (25 X 106/mouse) 
were injected i.p. on day I; spleen cells were harvested on day 6 for evaluation of 

cytostatic activity; E/T - effector/target cell ratio of 100/1 ; P values were related to 
the mixture of tumour cells with spleen cells of the untreated mice; bars indicate 
mean ± SE of 4-6 para lied samples. 
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Fig. 2 Cytostatic activity of spleen cell populations towards MOPC-315 tumour cells 
following injection of CY and immunisation with GA-MOPC. Tumour cells alone 

'- (.); tumour cells were cultured with: intact spleen cell suspension (D); spleen 
cell suspension depleted of T cells (!!TIl); and T -enriched nylon-wool nonadherent 
fraction of spleen cells (~). See footnotes to Figure I for details . 

Antitumour cytostatic activity in 
spleen-ceU fractions 

In view of the results showing 
cytostatic activity of spleen cells 
from mice injected wi th CY and 
GA-MOPC cells, a ttempts were 
made to define the spleen cell 
population responsible for this acti
vity. The cytostatic activity to
wards MOPC-315 tumour cells was 
detected in a spleen cell population 
depleted of T cells but not in a 
nylon-wool nonadherent T -enriched 
population (Fig. 2). As shown in 
Figure 3, cytostatic activity was 
detected in the macrophage-enrich
ed glass-wool adherent fraction 
(mostly macrophages) from CY + 
GA-MOPC-treated mice but not in 
the same fraction obtained from 
normal untreated animals. The ad
dition of various amounts of the 
macrophage fraction to a T-enrich
ed population did not render the 
T fraction cytostatic. Thus, slight 
cytostatic activity, although not 
significant, was observed with the 
mixture of macrophages + T cells 
only when the quantity of macro
phages added was 4x 104 cells out 
of a total of I x lOS effector cells 
(Fig. 3, 1/2.5 ratio columm). When 
the quantity of macrophages in the 
mixture of M+T cells was less than 
4x 104 no cytostatic effect was 
observed and the rate of thymidine 
incorporation was similar to that 
observed with the effector cell po
pulation containing only T cells 
(Fig. 3). The possibility that the 
T-enriched population contained 
cells suppressing the cytosta tic acti
vity of the macrophage-enriched 
fraction was examined by adding 
various quantities of cells from the 
T-enriched population to a cytosta
tic glasswool adherent fraction. As 
shown in Figure 4 , a slight reduc
tion in the cytostatic activity of 
macrophages against MOPC-315 
tumour cells was observed in cul
tures supplemented with cells from 
a T-enriched population . However, 
the cytostatic activity in mixed cul
tures of T cells and macrophages was 
still significant. The persistence 
of cytostatic activity was examin
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Fig. 3 Cytostatic activity towards MOPC-315 tumour cells in glass-wool adherent 
(macrophage-enriched) and T-enriched nylon-wool nonadherent spleen cell popula
tions originated from mice injected with CY and GA-MOPC . Tumour cells alone 
( .); tumour cells were cultured with : intact spleen cell suspensions (D); T
enriched population ( ~ ); rna crophage-enriched population ( 1IIIlIll); and T -enriched 
popula tion completed to a total quantity of I X lOs cells/culture with the following 
amounts of macrophage-enriched population/culture (m): 1/2.5, 1/5, 1/10 and 
1/20. See footnotes to Figure I for details. 
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Fig. 4 Effect of addition of nylon-wool nonadherent (T-enriched) cells to macrophage 
enriched population on their cytostatic activity. Macrophage-enriched and T-enriched 
population originated form mice injected with CY and GA-MOPC. Tumour cells 
alone (.): tumour cells were cultured with: intact spleen cell suspension (D); T
enriched population (~); macrophage-enriched population (IIIIIII); and macrophage
enriched population (1 X lOs cells/culture) supplemented with various amounts of 
T-enriched popula tion (1!liillI): 5 X 103 /culture, 1.5 X 104

/ cult ure and 4 .5 X 104
/ cul

ture . See footnotes to Figure 1 for details. 
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Fig. 5 Peristence of cytostatic activity in 
macrophage-enriched fraction of spleen 
cells from mice injected with CY and 
GA-MOPC. Sa - day 5 after CY injec
tion; 5b - day 28 after CY injection. 
Tumour cells mixed with: intact spleen 
cell population (D); and rna crophage
enriched population (1lIDlII). See foot
notes to Figure 1 for details. 

tic activity was again detected in 
the intact spleen cell population 
and in the glasswool adherent frac
tion but was not detected in spleen 
cells taken on the 28th day after 
the injection of CY (Fig. 5). 

Tumour development in mice treat- . " I 

ed with CY and GA-MOPC cells 

Mice injected with CY and GA
MOPC cells under conditions simi
lar to those required for induction 
of cytostatic activity were inoculat
ed with a tumourigenic dose of 
MOPC-3 15 tumour cells. As shown 
in Figure 6, most mice injected 
with CY and GA-MOPC cells, sur
vived after the inoculation, where
as injection of CY alone had no 
effect on mortality. As shown pre
viously, IS a single injection of GA
MOPC did not induce a detectable ~ 
level of protection against tumour 
inoculation. 
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Fig. 6 Resistance of mice injected with CY and GA-MOPC to inoculation ofMOPC-315 
tumour cells. CY (l00 mg/kg) injected in 0.5 ml i.p. on day O. GA-MOPC cells (25 X 
106/injection) injected on day 1. Viable tumour cells (5 X 104 

) were inoculated i.p. 
on day 8. (0--0) normal mice (8 mice per group); (~) CY injection mice (8 
mice per group); (e---e) CY and GA-MOPC injected mice (9 mice per group). 

DISCUSSION 

The present experiments show 
that combined administration of 
cyclophosphamide and glu taralde
hyde-treated syngeneic MOPC-315 
tumour cells generated cytostatic 
activity against MOPC-315 tumour 
cells in vitro. On the other hand, 
injection of CY alone or of GA
MOPC cells only, did not induce 
cytostatic activity. It seems, there
fore, that both CY and GA-MOPC 

(t. injections are required for induc
tion of cytostatic activity against 
tumour cells. 

Selective effects of CY on sup
pressor T cellsS,ll-13 and on B 
cells 14 were reported. It seems 
that under our conditions, the com
bined administration 0 f CY and 
GA-MOPC cells resulted in increas
ed macrophage activity. Thus, the 
cytostatic activity against MOPC
315 tumour cells was expressed by 
the macrophage-enriched fraction 
of spleen cells and was not detect
ed in the T-enriched fraction. More

". 	 over, the depletion of T cells from 
the intact spleen cell population 

did not affect its cytostatic activity 
against tumour cells. The Jack of 
cytostatic activity in the T -enriched 
fraction is probably not due to de
pendence on macrophages for ex
pression of cytostatic effect, be
cause the addition of macrophages 
to the T-enriched fraction did not 
render this population cytostatic. 
The addition of T-cell fraction to 
macrophage-enriched fraction re
duced slightly the cytostatic activi
ty of macro phages against tumour 
cells. However, in view of the slight 
reduction in cytostatic activity, it 
does not seem possible to conclude 
whether the T-cell fraction contains 
a population suppressing the cytos
ta tic effect. AI though the full kine
tics of the development and per
sistence of cytostatic activity has 
not been yet performed, it seems 
that this activity is transient as 
shown by its absence in spleen cells 
taken on the 28 th day after CY ad
ministra tion. 

Injection of CY may cause 
changes in the relative proportions 
of the different types of cells with
in the spleens, such as selective eli

mination of suppressor cells.S ,ll-13 

However, it seems unlikely that the 
induction of the cytostatic effect 
against MOPC-315 tumour cells by 
injection of CY and GA-MOPC cells 
is due exclusively to such changes 
because spleen cells taken from 
mice injected with CY alone were 
not cytostatic. Another possibility 
is that the thymidine incorporation 
assay in tumour cells is subjected 
to many errors when carried ou t in 
the presence of macrophages. This 
possibility seems also unlikely be
cause the addition of unfractionat
ed spleen cells or macrophage
enriched fraction of spleens from 
normal mice had no effect on the 
rate of thymidine incorporation in 
tumour cells. 

It was reported 21 that cytotoxic 
activity against MOPC-315 target 
cells can be generated in vitro in 
cultures of spleen cells and that this 
activity is expressed by cytotoxic 
T cells. (For a review, see foot
note22 

). It seems that the cytostatic 
activity reported here is different 
from the cytotoxic activity generat
ed in vitro because in our hands, 
the T-enriched fraction was not 
cytostatic. 

It was of interest to find out 
whether induction of cytostatic 
activity against tumour cells in vitro 
by CY and GA-MOPC administra
tion has any bearing on the deve
lopment of ascitic tumours of 
MOPC-315. We found in this res
pect, that most mice injected with 
CY and GA-MOPC cells survived 
after inoculation with an otherwise 
tumourigenic, lethal dose of MOPC
315 tumour cells, whereas injection 
of CY alone had no effect on the 
mortality rate after inoculation. 
We have also shown IS that a single 
injection of MOPC-315 cells treated 
with 0.02 per cent GA did not 
confer protection against inocula
tion with a tumourigenic dose. 

The mechanism of induction of 
cytostatic activity of macrophages 
against tumour cells by combined 
CY and GA-MOPC administration is 
not yet clear. A likely possibility23 
is that macrophages are activated 
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by soluble products released from 
T cells stimulated, in our case, by 
GA-MOPC antigen entity and that 
this stimulation is facilitated by 
CY-induced elimination of suppres
sor T cells. 
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A topy is an inherited condition, as 
has been known for centuries; the 
mode of inheritance is believed to 
be polygenic. I The role played by 
environmental factors in the clinical 
expression of this inherited disease 
is emphasised by all authors;2 how., 
ever, many family studies have pro
vided evidence of high heritability 
of IgE levels. 3 Measurements of the 
levels of other immunoglobulins 
-A, G and M- in atopic diseases 
show no gross a bnormalities, al
though IgA deficiencies (transient 
or permanent) have been found in 
association with high IgE levels and 
clinical atopy. 4 

In the study presented here, we 
refer to immunoglobulin levels in a 
group of atopic families, all family 
members of which were investigat
ed. The genetic pattern of IgE 
levels in these families was reported 
earlier. S In this paper we mainly 
study immunoglobulin A, G and M 
levels. 

PATIENTS AND METHODS 

One hundred and ninety-six indi
viduals (parents and children) be
longing to 39 atopic families were 
investigated. Ninety of them were 
clinically healthy and 106 affected 
by clinical atopy: asthma and ecze

ma in nine of them, asthma and rhi
nitis in 16, asthma (only) in 39 and 
hay fever in 42 (Table I). The 
clinical diagnosis was based on 
family history, case history, symp
toms, physical examination, posi
tive prick tests, high eosinophil 
counts, high IgE levels and good re
spqnse to anti-allergic treatments. 
The reagents for prick tests were 
purchased from Hollister-Stier 
(U.S.A.) . The extracts were 1:20 
w/v for pollens, 1:50 w/v for dust 
mites and I: 10 w/v for moulds, in 
a solution of 50% glycerine as pre
servative, 0.5% sodium chloride and 
0.27% sodium bicarbonate. Any 
wheal reaction 5 mm larger than 
the control was considered positive. 

SUMMARY One hundred and ninety-six members (including both those af
fected by atopy and those not affected by it) of 39 atopic families, were assess
ed for immunoglobulin levels. There were no gross abnormalities in immunoglo
bulin G and M levels. Immunoglobulin E levels were high in 72 per cent of the 
whole population under study, especially in the patients affected by clinical 
atopy. Immunolobulin A levels were below normal mean values for age in 73 
per cent of all family members regardless of their clinical picture (affected by 
atopy or healthy). The relationship of IgA levels and age were assessed and com
pared for members of atopic families and the non-atopic healthy control popula
tion. Control immunoglobulin levels from non-atopic individuals were obtained 
both from the literature and from the local population. 

ASIAN PACIFIC J ALLERG IMMUN 1984; 2 : 181-185. 

Immunoglobulin E levels were 
determined by Phadebas Prist tech
nique and immunoglobulin A, G 
and M levels by immunodiffusion 
on Meloy plates. As mean normal 
values (N) and standard deviations 
(S.D.) for IgE, we used those given 
by Kjellmann 6 for indivciduals up to 
14 years of age and those given by 
Barbee et at for individuals over 14 
years7 of age. 

As mean normal values (N) and 
standard deviations (SD) for IgA, 

*From the Allergy Clinic and Central Laborato
ry, Health Insurance Institution, Zamenhof 
Clinic, 33 Zamenhof Street, Tel Aviv, and the 
Department 0 f Chemical Immunology, The 
Weizmann Institute of Science, Rehovot 76100, 
Israel. 
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Among members of atopic familiesTable 1 Clinical picture of studied population: 39 atopic families 
(Figs. 4 and 5) there was a "knee 

Diagnosis 

Healthy 

Atopic 

Over all 

Astluna and eczema 

Asthma and rhinitis 

Astluna (only) 

Hay fever 

Total 

G and M, we used those given by 
Stites.s A group of 177 healthy 
non-atopic, age-matched individuals 
who had no family history of atopy 
was assessed in our laboratory for 
immunoglobulin levels. The values 
obtained validated the international 
A, G and M normal values used for 
reference. 

Statistical analysis 

Log transfonnation was applied 
to all immunoglobulin levels obtain
ed. Regression analysis was used to 
compare IgA values of healthy and 
atopic individuals in different age 
groups. A student T-test was used 
to assess the significance of diffe
rences between healthy and atopic 
individuals within the adult popula
tion. 

RESULTS 

The levels of IgG and IgM were 
evenly distributed around the mean 
nonnal values. IgE levels (histo
gram, Fig. 1) were above mean 
normal values (N) in 142 (72%) of 
the cases. Thirty-one of them 
( 16%) were between Nand N + 1 
S.D., 27 (14%) between N + 1 S.D. 
and N + 2 S.D., and in 84 (42%) of 
the cases IgE values were above the 
N + 2 S.D. Elevated IgE levels 
appear in those family members 
who are affected by atopy, especial
ly at a young age. 

There is an overlap in the distri
bution of IgA levels (histogram, 
Fig. 2) of healthy and affected by 

No. of subjects 

90 

9 

16 

39 

42 

106 

196 

atopy family members over all ages. 
In 144 (73%) of the cases IgA levels 
were below the mean nonnal (N) 
values -for age. Fifty-six (28%) of 
them were between the Nand N 
-IS.D., 71 (36%) between the N 
-I S.D. and N -2 S.D. and in 17 
(9%) of the cases IgA levels were 
below N -2 S.D. IgA values were 
particularly lower than nonnally 
expected in the age group between 
I I and 30 years. Low IgA levels do 
not appear associated with the clini
cal status (healthy or affected by 
atopy). 

Plots of standard IgA levels by 
age of the non-atopic population 
up to 20 years (Fig. 3) showed a 
steady increase of values wi th age, 
especially below t he age 0 flO. 

5.5 

s.o 
4.5 

4.0 

1.5 .. ... 
... 

effect" at the age of 10; a broken 
regression was fitted to this data. 
The regression line up to 10 years is 
log IgA = 3.723 + 0.123 x age and

(26.3) (4.7J
above 10 years is log IgA = 5.033(17.0)
All three coefficients were signIfi
cantly non-zero (P value < 0.00 I) 
with the T-statistical values shown 
in parenthesis. IgA levels of mem- . 
bers of atopic families over 20 years 
of age (Table 2) were significantly 
lower (P value < 0.00 I) than those 
of the control population (normal, 
non atopic individuals, not belong
ing to atopic families). 

IgA levels of parents and children 
were compared within each one of 
the studied families (Table 3). The 
important results of this compari
son are that in two families in 
whom IgA levels of both parents 
were over N -I S.D.; the levels of 
three of their children were under 
N -2 S.D.; of five, between N 
-I S.D. and N -2 S.D.; and of 12, 
over N -I S.D. In eight families the 
IgA level of one parent was over N 
-I S.D. and of the other under N 
-2 S.D.; IgA levels of three of their 
children were under N -2 S.D.; 
of 16 of them between N -I S.D. 
and N -2 S.D.; and of 10, over N 
-1 S. D. In two families 19A level~ 
of both parents were under N -2 

......3.0 .. . 

2.5 .. .... ... 2.0 .. 
1..5 

1.0 . . ..
.0..5 

0.0 

-4..5 

-1.0 

-1..5 

·2.0 

-2.5~-'-r~~~~~~~~~~~~~~~~~~____ 
1 1 5 7 , 11 11 IS 17 It 21 2l 2S U 2'9 11 13 15 11 It 41 4J '" Q 4t 51 53 

AGE 

Fig. 1 IgE levels of whole population studied, standardised by age. 
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Fig. 3 Regression line of 19A levels (on log scale) of non-atopic control population up 
to 20 years of age (on background of individual values). 
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Fig. 4 Regression line of 19A values (on log scale) of members of atopic families up to 
20 years of age (on background of individual values). 

S.D.; IgA levels of two of their 
children were under N -2 S.D. and 
of two over N -IS.D. 

DISCUSSION 

Immunoglobulin E is now well 
established as the leading immuno
globulin for the diagnosis of an 
atopic background. However, 
abnonnal values of other immuno
globulin classes have been found in 
cases of atopy.9 Specifically, IgA 
levels are often low or even absent 
when atopy and high IgE levels are 
present. 10, 12-14 Conley et ailS des
cribed II IgA deficient patients 
with symptoms of autoimmune or 
atopic disease. Their IgA-bearing 
lymphocytes bore only small 
amounts of IgA in patchy distribu
tion, similar to IgA-B cells from the 
newborn. They found that IgA-B 
cells from 19A-deficient patients 
were of an immature phenotype. 
Genetic factors in selective IgA de
ficiencies are mentioned by Am
man l6 and reported by others. 17, 18 

Sloper et ai l9 described low C0unts 
of IgA-producing plasma cells in the 
jejunal biopsies 0 f children with 
atopic first-degree relatives. 

Our results show an overall 
decrease in 19A levels over the po
pulation of atopic families studied 
with no difference between clinical
ly healthy and atopic individuals. 
This decrease is not dramatic, and 
we certainly cannot consider it a 
classic deficiency. I t is merely, as 
Soothill calls it,2° "a low function 
wi thin or near the normal range." 

As shown in Figure 6, in mem
bers of atopic families there is a 
trend towards slow maturation of 
IgA levels which are less than N -I 
S.D. until the age of 20 years. As 
can be seen from Table 2, in families 
with two nonnal IgA parents, 60 per 
cent of children have values that are 
nonnal and only 40 per cent have 
values less than N -1 S. D., whereas in 
families in which only one parent 
has a nonnal IgA value and the other 
an IgA value of less than N -1 S.D., 
35 per cent of the children have 
nonnal 19A values and 65 per cent 



184 

I 	 I 
o 

400- 
311 - 00 
240, 00 
185 r- 000 

~ 142r- OO~ ................ 
...... 110r- 000•• -

-85~00 •• 
65 t-= •• 	 o 	healthy 

-50r-.· • atopic 
39 r- 

I 	 I30 
0 10 20 

AGE (YEARS) 

GELLER-BERNSTEIN. ET AL. ~\ 

less than N -1 S. D. These findings 
were not indicative of dominant or 
codominant modes of inheritance. 

In the 39 atopic families present
ed here, it seems that a low IgA 
levels is familial, possibly genetical
ly detennined by a polygenic mode 
of inheritance. Lower IgA levels 
were not predictive of clinical 
a topy wi thin these families; how
ever, because they appear as part of 
their familial "background", an in
herited trait of 1 ow- and slow
rna turing IgA globulin production 
might be an important factor in 
the pathogenesis of atopy. 

Fig. 5 Comparison between regression lines of 19A levels (on log scale) of non-a topic 
individuals and members of atopic families: note "knee effect" in the members of 
atopic families. REFERENCES 
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Induction of Suppressor T Cells of 
Immunoglobulin Production by 
Alpha-foetoprotein in An In Vitro 
Human System * 
Noriaki Shinomiya, M.D. 
Junichi Yata, M.D. 

It is well known that alpha-foetopro
tein (AFP) inhibits in in vitro pro
liferation of human lymphocytes in 
response to mi togens or in mixed 
lymphocyte culture reaction. 1-3 

Similarly, AFP has been shown to 
exert an immunosuppressive effect 
on antibody synthesis in mice. 4 

With regard to this immunosuppres
sive mechanism, suppressor T cells 
have proven to be induced by AFP 
in experimental animals. s It has 
been reported that the newborn T 
cells of newborn humans or cord 
blood T cells suppress the poke
weed mitogen (PWM)-driven T-cell
dependent differentiation of B cells 
to plasma cells.6,? These facts have 
suggested that AFP also induces 
suppressor T cells in human lym
phocytes. 

This paper demonstrates that 
AFP induces human T-cell activity 
which suppresses immunoglobulin 
(Ig) production by lymphocytes sti
mulated with PWM and that the 
suppression is mediated by soluble 
factor(s) secreted from suppressor 
T cells acting upon helper T cells. 

MATERIALS AND METHODS 

Peripheral blood lymphocytes 

Heparinised venous blood drawn 
from healthy adults was gently 

layered on Ficoll-Hypaque density 
solutions (s.g., 1.074) and centri
fuged at 400xg for 30 minutes. 
The mononuclear cells were collect
ed from the interface and washed 
three times with phosphate buffer
ed saline solu tion (pH 7.4) (PBS). 

Separation of non-T ceUs (B ceU
rich fraction) and T ceUs 

The mononuclear cells were mix
ed wi th neuraminidase-trea ted 
sheep erythrocytes in a ratio of 
about 1: 100 in inactivated foetal calf 
serum (FCS) (Gibco), centrifuged 
at 200xg for 5 minutes to obtain 
tight cell contact. They were kept 
in 'ice water for one hour for the 
T cells to fonn rosettes with the 
sheep erythrocytes. The cells were 
then gently resuspended and appli-

SUMMARY Human T cells treated with alpha-foetoprotein (AFP) showed a 
suppressor effect on the generation of immunoglobulin-producing cells from 
lymphocytes stimulated with pokeweed mitogen (PWM). This effect $eemed to 
be mediated by solu ble factor(s), since the culture supernatant of AFP-treated 
T cells showed the same suppression. The suppressor factor(s) blocked the dif
ferentiation of B cells helped by T cells or mitomycin C-treated T cells, but not 
the B cells helped by soluble helper factor(s) f!J!.l11- T cells. Therefore, the AFP
induced suppressor T cells seemed to exert their effect via helper T cells, but not 
directly on B cells~ The induction of suppressor T cells might be one of the im
munosuppressive mec~anisms of AFP. 

ASIAN PACIFIC J ALLERG IMMUN 1984; 2: 186·190. 

ed to Ficoll-Hypaque density gra
dient. The cells that fonned ro
settes (T cells) were collected from 
the bottom; non-T cells (B-cell-rich 
fraction), from the interface. The 
contaminating erythrocytes were re
moved by lysing with tris-buffered 
0.83% NH4 Cl. 

The preparation of the human 
foetal 0: -foetoprotein 

An enriched solu ble preparation 
of human foetal o:-foetoprotein was 
purchased from Calbiochem-Bering 
Co., Ltd. This solution was further 
fractioned by Sephadex-G 200 gel 

From the Department of Paediatrics, Tokyo 
Medical and Dental University, 5-45, Ushirna-l
chome, Bunkyo-ku, Tokyo 113, Japan. 
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chromatography. The fractions 
with molecular weights ranging 
from 60,000 to 80;000 daltons were 
collected and concentrated by Ami
con filtration. AFP was further 
purified from this fraction by im
munoaffinity chromatography 
using rabbit anti-AFP antibody 
(Calbiochem-Bering Co., Ltd.) 
coupled to CNBr-activated Sep
pharose 48. The concentration of 
AFP in this preparation was mea
sured by immunoprecipitation. 

Treatment of T cells with AFP 

T cells (5x 105 
) were incubated 

at 37"C with various concentrations 
of AFP (0.1, I, 10,20,50, and 100 
J.1g/ml) for various lengths of time 
ranging from 3 to 72 hours, in a 
humidified, 5% CO2 incubator. 
The cells were then washed three 
times with PBS and resuspended in 
fresh culture medium (RPMI 1640 
supplemented with 10% FCS 
(Gibco), 100 J.1g/ml gentamicin, and 
100 units/ml penicillin-G). 

Preparation of soluble suppressor 
factor(s) 

T cells (l x 106
) in I ml of the 

medium containing various con
centrations of AFP ranging from 
10 to 100 J.1g/ml were cultured for 
24 hours at 3TC in a humidified, 
5% CO2 incubator. After washing 
three times with PBS, they were 
then cultured in fresh medium for 
another four days before the cell
free supernatant was collected. The 
supernatant, after undergoing five
fold concentration by Amicon 
ultrafiltration, was used as a source 
of suppressor factor(s) in further 
experiments. The culture su per
natants of untreated T cells were 
used as controls. 

Preparation of soluble helper fac
tor(s) 

Non-T cells (B-cell-rich fraction) 
(1 x I 06

) in I ml of the medium 
were treated with 50 J.1g/ml mito
mycin C (MMC) (Sigma) for 30 
minutes at 37"C, in a humidified, 
5% CO2 incubator. A mixture of 
MMC-treated non-T cells (5x 105 

) 

and allogenic T cells (5x I 05 
) in 

one millilitre of medium was cultur
ed at 3TC for four days in a humidi
fied, 5% CO2 incubator. The cell
free supernatant was collected, con
centrated five-fold using an Amicon 
filter, for use as a source of helper 
factor(s) in further experiments. 

Assay for suppressor activity of T 
cells pretreated with AFP or of the 
culture supernatant from pretreated 
cells 

The suppressor effect of T cells 
treated with AFP or of their culture 
supernatant (suppressor factor(s)) 
was assayed by the decrease of the 
immu noglo bulin-producing cells 
(Ig-PCs) generated from the mix
tUre of autologous n0n-T cells and T 
cells stimulated with PWM. T cells 
treated with AFP (2x 105 

) or 0.2 
ml of the five-fold concentrated 
culture supernatants from pretreat
ed cells were added to the mixture 
of non-T cells (2x I 05

) and T cells 
(2x lOS) and the cells were sus
pended in a culture tube (Falcon, 
2054) in a total volume of I ml of 
medium containing 5 J.1g/ml of 
PWM. The cells were cultured at 
3TC for seven days in a humidified, 
5% CO2 incubator. In some experi
ments, the T cells used to help 
the B cells were treated with 
25 J.1g/ml of MMC at 3TC for 30 
minutes to eliminate the effect of 
suppressor cell activity which is 
MMC-sensitive.8 A count was made 
of the number of cells at the end of 
the culture. The cells were smeared 
on a glass slide, fixed with acetone 
for 10 minutes, stained wi th fluore
scin-conjugated anti-human immu
noglobulin antibody and observed 
under a UV-microscope. The per
centage of cells showing cytoplas
mic fluorescence (Ig-PCs) was then 
scored. The suppressor activity 
(i.e. the reduction in the number of 
Ig-PCs) was expressed in term of 
this number or as a ratio of this 
number in the presence of added T 
cells treated with AFP or their cul
ture supernatants, relative to con
trols containing untreated T cells or 
their respective supernatants. 

Effect of the suppressor factor(s) 
on the B cell differentiation exerted 
by the helper factor(s) 

The helper factor(s) was added 
to non-T cells (B cell-rich fraction) 
(4 x 105

) in a volume constitu ting 
20 per cent of the entire culture 
medium and the cells were cultured 
in the presence of 5 J.1g/ml of PWM. 
These factors facilitated the B cell 
differentia tion to Ig-PC, when 
tested by the aforementioned 
method. The suppressor factor (s) 
was added to this system as 20 per 
cent of the final culture volume and 
its effect was studied. 

RESULTS 

Suppressor activity of T cells treat
ed with AFP 

The T cells showed suppressor 
activity when they were treated 
with 50 J.1g/ml or more of AFP for 
longer than 12 hours (Fig. I). The 
maximal suppressor activity was 
obtained by treatment with these 
concentrations for 24 hours or 
more. 

Suppressor activity of the culture 
supernatant from T cells treated 
with AFP 

The suppressor effect of the cul
ture supernatant was demonstrated 
when T cells were treated with 
50 J.1g/ml or more of AFP. The 
generation of Ig-PCs was suppressed 
by more than 50% (Fig. 2). The 
treatment with 20 J.1g/ml of AFP 
exerted some suppression but its 
effect was not sufficient. 

Effect of the suppressor factor(s) 
on the differentiation of B cells co
cultured with T cells treated with 
mitomycin C 

It is known that suppressor T 
cells are usually more sensitive to 
antimiotic drugs than helper T cells9 

and, therefore, most of the suppres
sor activity can be removed without 
affecting helper T cell function by 
using adequate doses of mitomycin 
C (MMC). The suppressor factor(s) 
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Fig. J Effect of AFP-treated T cells on the generation of immunoglobulin-producing 
cells (Ig-PCs) from the lymphocytes stimulated with PWM . 
The percentages indicate the relative SCOres of the number of Ig-PCs from the com
bination of non-T cells and T cells added to T cells treated with AFP as compared 
with that of the combination of non-T cells and T cells alone. 
a) : Length of time for the treatment by AFP 
b): The concentration of AFP used for the treatment of T cells. 
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Fig. 2 Suppressor effect of the culture supernatant from T ceHs treated with AFP on 
the generation of Ig-PCs from the lymphocytes stimulated with PWM. 
The percentages indicate the relative SCOres of the number of [g-PCs from the com
bination of the non-T cells and T cells added to the supernatant as compared to that 
of the mixture of non-T cells and T cells alone. 
B + T: Combination of non-T cells and T cells 
a): The concentration of AFP used for the treatment of T cells from which the cul

ture supernatant was obtained. 
b): Control supernatant was added. 

SHINOMIYA AND Y A T A 

elicited their suppressor effect on B 
cell differentiation helped by MMC
treated T cells as well (Fig. 3). This 
indicates that the factor(s) exert 
their function, not by inducing 
MMC-sensitive suppressor T cells, 
but by directly working as a sup
pressor itself. 

Effect of the suppressor factor(s) 
on B cell differentiation by helper 
factor(s) 

The cell-free supernatant obtain
ed from the mixed lymphocyte cul
ture reaction facilitated the B cell 
differentia tion on the Ig-PCs in re
sponse to PWM by functioning as 
helper factor(s). Suppressor factors 
from T cells treated with AFP did 
not inhibit the B cell differentiation" 
helped by this factor(s) (Fig. 4). 
Therefore , the suppressor factors 
seemed to have no direct effect on 
B cells. 

DISCUSSION 

It has been shown that senlm 
from pregnant women can suppress 
the mitotic response of lympho
cytes. 10 Similarly , amniotic fluid 
inhibited the formation of antibody 
to sheep erythrocytes and AFP was 
found to be the causative agent for 
this suppression.4 

,11 It was also re
ported that non-specific suppressor 
T cells induced by AFP seemed to 
be related to immunosuppression. 12 

There were few reports with regard 
to the effect of AFP on the regula
tory mechanisms of immunoglobu
lin production from peripheral 
blood lymphocytes in humans. T 
cells from cord blood in which AFP 
was present at a high concentration 
showed suppressor activity in 
vitro. 13 , 14 

This paper demonstrates that the 
T cells exerting suppressor activity 
in immunoglobulin fonnation are 
induced by concentrations of AFP 
physiologically present in the blood 
of newborn infants, and emphasises 
their role in the immunosuppressive 
mechanisms of AFP. 

By studing various conditions, it 
was found that 50 Jig/ml of AFP or 
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Cell 
AFP 
Con. 

a) Number of Ig-PCs/5x lOs cells 

combinations (JIg/ml) a 2 3 4x 10-< 

- b)B+T 

-b)B + T* 

B + T* a 

B + T* 10 

B + T* 20 

B + T* 50 

B + T* 100 

Fig. 3 Effect of the cell-free culture supernatant of AFP-treated T cells on the genera
tion of Ig-PCs from non-T cells helped by T cells pretreated with mitomycin C 
(MMC). 
B + T : The combination of non-T cells and T cells 
B + T*: The combination of non-T cells and T cells treated with MMC. 
a) : The concentration of AFP used for treatment of T cells from which the culture 

supernatant was obtained . 
b) : Control supernatant was added . 

Helper 	 AFP a) 
Number of Ig-PCs/5x lOs cellsfactors 	 Con. 

(JIg/ml) a 2 
b) 	 b)B ~ 

b)B + 

B 	 a+ 

B + 10 

B + 20 

B + 50 

B + 100 

Fig_ 4 Effect of the culture supernatant of AFP-treated T cells on B cell differentia
tion helped by soluble factor(s). 
B : non-T cells (B-cell-rich fraction) 

a): The concentration of AFP used for treatment of T cells from which the culture 


supernatant was obtained_ 

b): Control supernatant was ad<led_ 


more, and a mmunum of 12 hours approxima tely related to the mean 
of pre-culture were necessary to in- concentration in the cord sera. IS 

duce the suppressor T cells_ The The cell-free supernatant from T 
concentration of AFP which could cells pre-treated with AFP similar
induce suppressor T cells was Iy suppressed the generation of {g

pes_ Therefore, suppression by T 
cells treated with AFP seems to be 
mediated by soluble factor(s)_ 

Our present data discloses that 
suppressor factor(s) from AFP
treated T cells suppressed B cell 
differentiation helped by MMC
trea ted T cells, bu t not tha t exerted 
by the helper factor(s) obtained 
from mixed lymphocyte culture 
reactions_ 16 This suggests tha_t the 
suppressor factor(s) inhibit helper T 
cells bu t have no· direct effect on 
B cells_ Other authors have re
ported that AFP does not exert a 
suppressive effect on B cells re
sponding to thymus-independent 
antigens_17 The factor(s) seemed to 
act as the suppressor(s) itself, and 
not through the induction of sup
pressor T cells, since it also sup
pressed the differentiation 0 f B 
cells co-cultured with MMC-treated 
T cells, where the activation of 
most suppressor T cells was inhibit
ed_ 9 

These observations suggest that 
the immunosuppressive effect of 
AFP is due at least in part to the in
duction of suppressor T cells and 
that the activation of suppressor 
T cells observed in newborn infants 
might be caused by AFP which is 
present in high concentrations in 
the blood of foetuses and newborn 
in fants. 
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Alpha-foetoprotein in Chronic 
Lymphocytic Leukaemia * 
Luise Komlos, Ph.D. 

Jaffa Nothman 

Meir Djaldetti, M.D. 

Isaac Halbrecht, M.D. 


The preseEce of a membrane re

ceptor for alpha foetoprotein 

(AFP) antigen on normal lympho

cytes as well as its immunosuppres


4sive effect on these cells l- make 
especially interesting investigations 
on this antigen in lymphoprolifera
tive disorders. Oncofoetal antigens 
were found in patents with Hodg
kin's disease ,s,6 in cases of sar
coma ,7 and in circulating lympho
cytes of patients with lymphomas. 8 

In view of some antigenic simila
rities between foetal and Cll lym
phocytes,9 the different distribu
tion of the major membrane glyco
proteins on the lymphocyte surface MATERIALS AND METHODS 
of normal and Cll T and B lym

Patientsphocytes, to the relative immunolo
gical inertness and immu noincom The study comprised 12 patients 
petence of the circulating lympho with Cll (Table 1). Their disease 
cytes in Cll pa tients ,11,12 we found status, according to Ray'sl3 clinical 

I, 	 that it rna y be of in terest to exa staging of Cll, was classified from 
mine these cells for the possible o to III . Eight of the 12 patients 
presence of a membrane-bound were in a mild to moderate stage 
oncofoetal antigen. The current pre (0-1), and patients 4, 8, 9 and 12 
liminary study was initiated to in (Table 1) in a more severe stage 
vestigate whether experimental (II-HI); three of them received anti 
evidence can be obtained on the leukaemic treatment at the time of 
presence of AFP antigen on lym examination (Table 1). Seven 
phocytes from Cll patients. Based healthy blood bank donors (male) 
on the observations that AFP can served as controls. 
suppress certain T-cell-dependent 

Methodsfunction ,2-4 the possible correIa tion 

of this antigen with the patients' The indirect fluorescent techni

T-lymphocyte markers was also que was used to obtain experimen


{:a 	 considered. tal evidence of AFP antigen on the 

SUMMARY Alpha-foetoprotein (AFP) antigen was datected by using the in
direct fluorescent technique on lymphocytes from 12 patients with chronic lym
phocytic leukaemia (CLl). The percentage 1)f AFP antigen-positive cells varied 
from case to case and seemed to be highly increased on T-enriched lymphocytes 
from Cll patients. Preincubation of the patients' lymphocytes with anti-AFP 
antibody had an enhancing effect on the E·rosette binding capacity of the treat
ed cells. This capacity was significantly increased by prolonged incubation of 
the treated lymphocytes with sheep red blood cells (SRBC) at 4°C. Preincuba
tion of the patients' lymphocytes with anti-AFP was found to interfere with the 
T-cell Fc-surface receptor for IgG complexes, suggesting the possibility that the 
carcinofoetal antigen may be located on the cell membrane of this subpopula
tion of T-suppressor cells. 

ASIAN PACIFIC J ALLERG IMMUN 1984; 2: 191-194. 

patients' lymphocytes. To observe 
whether the antigen can be correlat
ed with the patients' T-cell mem
brane, the modulating effect of 
anti-AFP antibody treatment in low 
concentration on T-cell-specific sur
face markers, such as spontaneous 
E-rosette formation with SRBCs 
and the T-lymphocyte Fc IgG re
ceptor, characteristic for a su bpo
pulation of T-suppressor cells,t4 
was examined. For all tests, mono
nuclear cells were obtained from 
Hypaque-Ficoll sedimentation of 
peripheral heparinised blood. 15 

*From the B. Gattegno Research Institute of 
Human Reproduction and Fetal Development, 
and Department of Medicine "B", Hasharon 
Hospital, Petah-Tiqva, Tel Aviv University Me
dical School, Israel. 
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Table 1 	The effect of anti-AFP antibody treatment on membrane fluorescent staining and E-rosette formation of lymphocytes 
from CLL patients 

E rosette % - I hour at 4°C
Total Lymphocytes 	 F1uorescent*

Patients Sex 	 Therapy Untreated Medium Anti-AFP** 
WBC/J.1l % 	 % 

cells 

I M 133,000 96 14 7 6 12 

2 M 26,800 85 . 15 9 15 20 

3 M 32,000 91 20t 6 11 12 

4 M 493,000 80 Leukeran 10 4 4 7 

5 M 30,200 84 15 6 10 24 

6 M 36,000 83 10 9 8 8 

7 M 19,400 78 16 10 16 20 

8 M 42,300 95 Meticorten 10 10 12 21 

9 F 63,000 87 12t 6 8 21 

10 F 47,700 86 19 14 13 II 

11 F 14,100 60 18t 26 28 32 

12 F 42,500 96 Meticorten 15 4 3 3 

*Anti-AFP dilution 1: lO 
tThe percentage of fluorescent staining cells in T·lymphocyte preparations was 30%, 38% and 35%, respectively. 

**Anti-AFP l:200, Student's paired "t" test for statistical evaluation. Preincubation with medium had no significant effect on the E-rosette forma· 
tion. Preincubation with anti-AFP significantly enhanced the percentage of E rosettes (F< 0.01). 

Indirect immu~ofluorescent studies 

To demonstrate specificity of the 
immunofluorescence, the fluores
cein-conjugated antibody (7S goat 
anti-rabbit IgG-Hyland) was absorb
ed overnight at 4°C on the respec
tive normal or leukaemic Iympho
cytes. The remaining lymphocytes 
resuspended in RPMI 1640 su pple
mented with 5% inactivated normal 
pooled human serum were stored 
overnight at 3TC in 5% CO2 humi
dified air, washed in phosphate buf
fered saline (pH = 7.3), counted, in
cubated for one hour with specific 
rabbit antihuman AFP antiserum at 
3TC (Behring, 0.4 mg/ml anti
body), washed and reincubated 
with the absorbed fluorescent anti
rabbit antiserum (concentration 
1 :8 , 1 :5). The thoroughly washed 
cells were examined for fluore
scence under an IV F 1 epifluore
scence condensor with an HBO 
SOW superpressure mercury lamp. 
For pictures, a dark-field condensor 
with translumination was added. 
For control, heat-inactivated 
absorbed normal rabbit serum and 
rabbit anti-human albumin (Beh

ring) were used instead of an ti-AFP 
antiserum. For anti-AFP blocking 
experiments, AFP human standard 
serum (Behring) was employed to 
demonstrate the specificity of 
im mu no flu orescence. 

E rosettes with SRBCs 
Patients' and controls' lympho

cytes pretreated with anti-AFP 
antiserum (Behring, concentrations 
I: 10, 1 :20, I :200) for one hour at 
3TC in a humidified atmosphere 
of 5% CO 2 , washed, counted for 
viability (92-94%), were tested for 
their capacity to form E rosettes.16 

For each patient, untreated lym
phocytes and lymphocytes treated 
in medium only were used for con
trol. In a number of cases (patients 
and controls), the effect of a pro
longed incubation time (24 hours 
at 4°C) for the E-rosette formation 
of anti-AFP treated and untreated 
cells was studied. 

T lymphocytes with IgG receptors 
(T')' ceUs) 

In seven patients and six con
troIs, the presence of the Fc recep
tor for IgG complexes was tested 

on enriched T lymphocytes. T lym- f 
phocytes were purified from non 
T cells by rosetting with SRBCs 
which were lysed from the lympho
cytes using a hypotonic shock, a 
short exposure to 0.24% NaCI. The 
enriched T cells we re incu ba ted as 
previously described with anti-AFP 
antiserum, thoroughly washed and 
used for the determination of T 
cells by rosette formation with ox 
erythrocytes coated with the IgG 
fraction of rabbit anti-ox erythro
cyte antibody.14 Anti-ox red cell Ig 
antibody was raised in rabbits, puri- f ' 
fied over a Sephadex G-200 column 
and controlled for IgG specificity 
by immu noelectrophoresis. 

RESULTS 

Indirect immunofluorescence stu
dies 

The percen tage 0 f positive stain
ed cells (Fig. 1) varied from case to 
case (Table I), and could be observ
ed at antibody dilutions of 1: 10 
and 1:20. No significant Iympho- ~ ,\ 
cyte surface staining could be 
observed with inactivated, absorbed 

http:antibody.14
http:rosettes.16
http:WBC/J.1l
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Fig. 1. a. Lymphocyte from a CLL pa
tient showing rim membrane immuno
fluorescence of microaggregates. 
b. Capping of T lymphocytes from the 
same patient. 

rabbit control serum, with rabbit 
anti-human albumin or in blocking 
experiments. The percentage of 
stained control lymphocytes was 
< 4 per cen t. Wi th enriched T 
lymphocytes from CLL patients, a 
significantly -increased percentage 
of positive stained cells could be 
observed (Table 1). The percentage 
of positive stained eariched B cells 
was between 5 and 7 per cent. No 
more than 3-4 per cent of fluores
cent stained cells could be observed 
on enriched T or B controllympho
cytes. 

E rosettes with SRBCs 

After preincubation with anti 
AFP antibody an increase in the E
rosette-forming capacity of the pa
tients' lymphocytes could be 
o bserved in seven ou t of 12 pa tien ts 
when compared with the same lym
phocytes treated in medium only 
(Table 1). A prolonged incubation 
at 4°C with SRBCs seemed to be 
favourable for additional enhance
ment of the E-rosette-forming ca
pacity of anti-AFP-treated CLL 
lymphocytes (Table 2). The E
rosette-forming capacity of control 
lymphocytes was not affected by 

"it, 	 anti-AFP treatment at various con
centrations or by prolonged incuba
tion with SRBCs (Table 2). 

Table 2 Effect of prolonged incubation at 4°C on the E-rosette formation of anti
APP-treated lymphocytes from controls and CLL patients. 

Lymphocytes 
No. of 
cases 

E rosettes (%) after 24 hours of incubation 

Untreated Trea ted cells 
cells Medium Anti-AFP* 

Controls 7 56.4 ± 5.2** 52.2 ± 4.1 56.2±5.! 

CLL 7t 11.8 ± 2.6 14.4 ± 4.0 23.5 ± 5.3 


tPatients 2,3,7,8,10,11,12 from Table l. 
**Mean % ± SE. 

*A dilution of 1: 200 anti·AFP was found optimal for the modulating effect on E·rosette-forming 
lymphocytes from CLL patients. Control cells were not affected by pretreatment with anti-AFP 
(1:20, 1: 100,1:200). Student's paired "t" test for the evaluation of the anti-AFP effect. (Anti
AFP treated vs. untreated lymphocytes, p <0.05). 

T lymphocytes with Fc IgG recep
tors 

As can be seen in Figure 2, the 
percentage of Fc JgG receptor bear
ing T lymphocytes was significantly 
increased in CLL patients com
pared with controls. After preincu
bation with anti-AFP antibody, the 
percentage of Fc IgG receptor bear
ing T lymphocytes from CLL pa
tients was significantly lower than 
in those without treatment and was 
comparable to the percentage of 
Fc IgG receptor bearing T lympho
cytes from untreated controls. 
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CLL CONTROLS 

Fig. 2 T1 lymphocytes in CLL patients 
and controls. Effect of anti-AFP. For 
CLL patients, T1 Significantly decreas
ed after antibody treatment. (p<0.0 1). 
No significant difference for controls. 
(Student's paired "t" test). 

DISCUSSION 

The indrect immunofluorescence 
technique used in this study reveal
ed that AFP antigen can be detect
ed as a surface-binding antigen on 
some circulating lymphocytes from 
CLL patients. The increased per
centage of stained cells in the T-cell 
enriched lymphocyte population of 
CLL patients, the low percentage 
of such cells in the B-cell-enriched 
population, the modulating effect 
of anti-AFP treatment on some T
lymphocyte surface markers of 
these patients, on spontaneous E
rosette formation alild on the T
lymphocyte Fc IgG receptor, seem 
to suggest that AFP antigen is main
ly bound to the cell surface of 
certain T-Iymphocyte subpopula
tions. Although it remains unclear 
from this study how AFP antigen
antibody complexes can interfere 
with the E-rosette-binding lympho
cyte receptor, it may be assumed 
that movement on the cell surface 
of AFP antigen-antibody complexes 
and topographic redistribution of 
membrane components may lead to 
the unmasking of the specific E
rosette receptor and to an increased 
binding capacity of these lympho
cytes to SRBCs.17 A prolonged in
cubation with SRBCs at 4°C was 
o bserved to enhance further the 
number of probably previously 
cryptic or unavailable E-roseUe
binding receptor sites of anti-AFP
treated lymphocytes from CLL pa

~ 
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tients. No such enhancement could 
be observed with control lympho
cytes. 

Our observation on an increased 
percentage of T"}' cells in CLL pa
tients correlates well with the 
observation of Gupta and Good!4 
concerning increased number of T"}' 
cells in patients with certain types 
of immunodeficient disorders. 
Murgita et a(l observed that AFP 
can induce suppressor T cells in 
vitro. The modulating effect of 
anti-AFP on the Fc IgG receptor of 
T lymphocytes from CLL patients 
observed in this study and the re
duced expression of Fc IgG recep
tors after anti-AFP treatment sug
gest various explanations. These 
phonomena may be due to an in
hibitory effect,!8 bu t may also be 

. the result of a close location of the 
Fc IgG-complex receptor and AFP 
antigen binding sites on the same 
lymphocyte membrane surface . 

AFP binding sites were suggested 
to be closely spaced to Con A re
ceptor sites on murine T lympho
cytes.! Further studies on the mo
dulating effect of anti-AFP anti
body on additional surface markers 
of lymphocytes from CLL patients 
and examinations of some immune 
functions of AFP-bearing lympho
cytes seem to be necessary. 
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Demonstration of Anti-asialo GM 1 Antibody 
and Its Neurocytotoxicity in the Sera of 
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As much as 30 to 50 per cent of 
patients with systemic lupus erythe
matosus (SLE) have central neI\fOUS 
system (CNS) complications. 1 Fol
lowing renal insufficiency, CNS 
complications are the second most 
frequent cause of death of SLE pa
tients and thus are deeply related to 
the pathogenesis of SLE. However, 
the pathogenesis of CNS complica
tions has not been fully clarified 
and so diagnosis and treatment are 
still in dispute. 

Since the early 1970s, there has 
been considerable interest in an
tineuronal antibodies in the sera 
and cerebrospinal fluid (CSF) of 
SLE patients in relation to the 
pathogenesis of CNS complica-

I Ii tions.2-1B For example, antineuron
al antibodies,2,J, ?,9, 10 anti-glial an ti-
bodies,? anti-lymphocytes anti
bodies cross-reactive wi th brain 
tissue,s,6 antibodies against the anti
genic determinants shared between 
erythrocytes and the brain9 and 
anti-glycolipid antibodies ll

,19 have 
been reported to exist in the sera of 
SLE patients. Anti-brain tissue an
tibodies and IgG neur.9cytotoxic 
antibodies also have been demons
trated in CSF of SLE patiel1ts.12,IJ 
Recently, antineuronal antibodies 
of the IgG and IgA classes have 

SUMMA~Y The presence of anti-asialo-GMl anti~ody and its neurocytotoxi
city in the sera of patients with SL Ewere studied. The antibody was detected in 
55 per cent of patients with CNS complications. but not in healthy adult con· 
troIs nor in patients without CNS complications. The exacerbation of CNS 
symptoms of CNS-SLE patients was accompanied by elevation of the anti·GA1 
antibody level in the sera. In the presence of complement, the anti·GAl anti
body in the patients' sera showed cytotoxicity against nervous tissue cells bear· 
ing GAl on their surface. The roles of these antibodies in the pathogenesis of 
CNS-SLE are suggested. 

ASIAN PACIFIC J ALLERG IMMUN 1984; 2:195-201. 

been shown to exist in the necropsy 
brain tissue of an SLE patient with 
CNS complication (CNS-SLE).16 
Implantation of antibodies directed 
against various brain constituents 
into the ventricles or cerebral cor
tex of experimental animals caused 
convulsion, meningitis, impaired 
memory or motor dysfunction.2o-22 

These obseI\f3 tions suggest tha t an
tineuronal antibodies may play an 
important role in the CNS compli
cations of SLE. Antineuronal anti
bodies in the sera of SLE patients 
have been recognised primarily by 
the immunofluorescence technique; 
hence, the physicochemical charac
teristics of the corresponding an ti
gens have not been clarified. How

al llever, Hirano et detected anti

body against the neutral glycolipid 
"asialo GMl (GAl)" (ganglio-N
tetraosyl ceramide) in the sera of 
CNS-SLE patien ts. We also obseI\f
ed that exacerbation of CNS symp
toms of a 10-year-old female CNS
S LE pa tien t correia ted with the 
elevation of the titre of the serum 
anti-GAl antibody.19 

Since GAl exists in trace 
amounts in the human brain , anti
GAl antibody could be one of the 
antineuronal antibodies in the sera 
of SLE patients. In the present 
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study, we examined the neurocyto
toxicity of anti-GAl antibody using 
established tissue culture cells deriv
ed from human brain tumours as 
targets. 

MATERIALS AND METHODS 

Patients and sera 

Sera were obtained from 30 SLE 
patients (including 20 CNS-SLE pa
tients) and 20 healthy adult con
trols and stored without preserva
tive at -70·C until use. All the SLE 
patients met the criteria of SLE of 
the American Rheuma tism Associa
tion . The criteria of neurologic 
disorders in SLE included definite 
neurologic (both central and peri
pheral) or psychiatric abnormalities 
not attributed to non-SLE aetiolo
gies. 

Cultured cell lines derived from 
human brain tumours 

IMR-32 (human neuroblasto
ma)23 118 MGC (human glioblas
toma)24 and KG-I (human oligo
dendroglioma)25 were used as the 
targets of cytotoxicity assays. Cells 
were maintained in continuous 
culture in Minimal Essential Me
dium (Eagle's MEM, Nissui Seiya
ku Co., Ltd. Tokyo, Japan) supple
mented with L-glutamine and 5% 
foetal bovine serum. Viable cell sus
pensions were prepared by scraping 
adhesive cells with a rubber-police
man and suspending them in phos
phate buffered saline (PBS : 8.0 g 
of NaCI, 0.2 g of KCI , 2.9 g of 
Na2HP04 12H20 and 0.2 g of 
KH2 P04 in 1,000 ml of distilled 
water). They were used for tests 
when the viability was above 90 per 
cent. 

Preparation of GAl 

GMI was isolated from bovine 
brain tissue by a combination of 
anion-exchange chromatography 
and high performance adsorption 
chromatography 26 GAl was prepar
ed from GMI by treatment with 
I N-formic acid at 100·C for one 
hour27 and then purified by chro

matography on DEAE-Sephadex A
25 (Pharmacia Fine Chemicals AB, 
Uppsala. Sweden) and Silica Gel40 
(Merck & Co., Inc ., Rahway, N.J., 
U.S.A.).2B 

Preparation of antisera against GAl 

Liposomes containing I mg of 
GAl, 2 mg of bovine serum albumin 
(BSA), 4 mg of cholesterol and 10 
mg of lectithin were prepared and 
suspended in 0 .5 ml of PBS. The 
same volume of Freund's complete 
adjuvant (Difco Lab., Detroit, Mi
chigan, U.S.A.) was added to the 
suspension and the mix ture was 
emulsified. Te emulsion was ad
ministered to a rabbit by intracuta
neous injection at several sites on 
the foot-pads. Two to three weeks 
after the injection, blood with high 
titre anti-GAl antibody was obtain
ed, and the plasma was heat inacti
vated (56°C for 30 minutes) and 
stored at -70°C with 0.05% sodium 
azide. 

Detection of anti-GAl antibody 

An enzyme linked immunosor
bent assay (ELISA) was used. 29 A 
50-/11 volume of GAl solution (l0/11 
per ml of 0.05% deoxycholate-PBS) 
was added to each well of Linbro 
E.I.A. 96-well Oat-bottom microti
tration plates (Flow Lab Inc, Mac
lean, Virginia , U.S.A.) and the 
plates were stored at 4°C overnight. 
After coa ting the pIa te with GAl in 
this wa y, sera serially d i1u ted in 
0.05 % Twen 20 (v/v)-2% BSA 
(w/v)-PBS (dilution buffer) was 
added to each well. After incuba
tion at room temperature for two 
hours, each well was washed three 
times with 0.05 % Tween 20 (v/v)
PBS (washing buffer). A 50-/11 
volume of peroxidase-labelled anti
human IgG (Cappel Lab, Inc., 
U.S.A.) diluted I :200 in dilution 
buffer was added to each well and 
the plate was incubated at room 
temperature for one hour. Excess 
conjugate was washed out and 160 
/11 of enzyme substrate solution 
was added; the latter was composed 
of 10 volumes of an aqueous 
solution containing 2,2/-azino-di 

HOSHINO, ET AL . 

(3-e thy Ibenzo thiazoline-6-sul phon ic 
acid) (ABTS) (15 mg/ml) , 1,000 
volumes of citric acid monohydrate 
solution (l0.5 mg/ml) adjusted to 
pH 3.9-4 . 1 with 5N-NaOH and 33 
volumes of 35% hydrogen peroxide. 
After incubation at room tempera
ture for 15 minutes , the reaction 
was stopped with the addition of 
160 /11 of stop solution, composed 
of 100 volumes of solution A 
(0.347 ml of 50% HF and 0.2 ml 
of 3N-NaOH in 100 ml of distilled 
water) and 1 volume of another 
solution B (2.92 g of EDTA and 
1.6 g of NaOH in 100 ml of distill
ed water). The absorbance at 414 
nm of the content of each well was 
measured against distilled water as 
a blank . As a control for each 
serum, we measured the absorbance 
of uncoated wells to which were 
added with patient's serum diluted 
I: 10. The antibody titre was deter
mined by the end-point of the 
serum dilution glVlI1g an enzyme 
activity higher than that of each 
con trol. 

Prepara tion 0 f the IgG fraction 
from SLE patients' sera 

Each patient ' s serum was applied 
to a Protein A-Sepharose CLAB 
affinity column (Pharmacia Fine 
Chemicals AB, Uppsala, Sweden). 
After elution of IgG bound to the 
column by lObed volumes of 1M 
- acetic acid, the eluate was dialys
ed, concentrated by AMICON-15 
filtration to the same volume as the 
original serum and used as the IgG 
fraction. 

Absorption of anti-GAl antibody 

Anti-GAl antibody was absorbed 
from the sera or their IgG fraction 
by incubating the samples overnigh t 
at 4·C in microtitration plates coat
ed with GAl. 

Cytotoxicity of the IgG fraction of 
patients' sera and rabbit anti-GAl 
serum against ceUs of neural origin 

Cultured cells which originated 
from a human neuroblastoma ~. 
OM R-3 2), a human g lio blastoma 
(118 MGC) and a human oligoden

t 
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droglioma (KG-I) were dislodged 
with a rubber policeman, dissociat
ed with a Pasteur pipette and wash
ed once with PBS. The cells were 
suspended in PBS at a concentra
tion of 4x I 06/ml. A 25 J.d aliquot 
of each cell suspension was mixed 
with 50 J.Li of each patient's serum, 
IgG fraction or with rabbit anti
GAJ serum diluted I: 10 in PBS. 
After incubation at room tempera
ture for 30 minutes, 50 I..d of fresh 
rabbit serum diluted I: lOin PBS 
was added as a source of comple
ment and then incubated at 37"C 
for 30 minu tes. The reaction was 
stopped in ice bath. The 100 J..LI of 
0.5% trypan blue-0.85% saline solu
tion was added to each tu be and 
the percentage of dead cells was 
calculated under a microscope. 
Dead cells in controls amounted to 
less than 10 per cent in all experi
ments. The cytotoxicities of the sera 
and their IgG fractions from which 
anti-GAl antibody was eliminated 
were also examined. 

Detection of GAl on the surface of 
neural cells by the indirect immu
nofluorescence method 

By the above technique, 5x IQS 
cultured cells were suspended in 
PBS and pelleted by centrifugation 
(l50xg for five mintues). A 50
J.L! volume of rabbit anti-GAl serum 
dilu ted I: lOin PBS was added to 
each pellet and incubated at room 
temperature for 45 minutes . Cells 
were washed twice in PBS, and 50 
I..L! of FITC-Iabelled goat anti-rabbit 
IgG (Cappel Lab, Inc., U.S.A.) 
dilu ted I: 5 in PBS was added and 
incubated at 4°C for 30 minutes. 
After again washing twice with 
PBS, another pellet was made by 
centrifugation. The pellet was dis
persed in 50J.Li 0 f 50% glycerine
PBS with a Pasteur pipette, and 
was put on a glass slide and ob
served under a fluorescence-micros
cope. As controls, pre-immune 
rabbit serum, rabbit anti-GAl serum 
after elimination of anti-GAl anti
body and rabbit anti-BSA antibody 
were also used as reagents. 

RESULTS 


Anti-GAl antibody titres of the sera 
from patients with SLE 

The anti-GAl antibody titres of 
sera from 30 patients, including 20 
cases with CNS-SLE, were examin
ed. An ti-GAl antibody titres 0 f 
I :40 or above were detected in 
55 per cent of the patients with CNS
SLE. In all of the sera from the SLE 
patients without CNS complications 
and from 20 healthy adult, anti
GAl antibody titres were I :20 or 
less (Table I). 

The anti-GMI antibody titres of 
sera from 24 SLE patients, includ
ing 14 cases with CNS-SLE, were 
also examined. In all of the sera 
from the SLE patients with or with
out CNS complications, anti-GMI 
antibody titres were I :20 or less 
(Table 2). 

Anti-GAl antibody titres and the 
CNS complications of SLE 

In the observation of two cases 
of CNS-SLE, the exacerbation of 

CNS symptoms was accompanied 
by the elevation of the anti-GAl 
antibody titre (Fig. I). 

The correlation between anti-GAl 
antibody titres and their cytotoxi
cities against the cultured neural 
cells of the sera from SLE patients 
or rabbit anti-GAl serum 

The sera of CNS-SLE patients 
having high titres of anti-GAl an
tibody and rabbit anti-GAl serum 
were strongly cytotoxic to IMR
32 cells. On the other hand, the 
sera from SLE patients without 
CNS complications and from 
healthy adults showed no cytoto
xicity (Fig. 2). However, neither 
anti-GAl antibody-rich sera of CNS
SLE patients nor rabbit anti-GAl 
serum showed cytotoxicity to 118 
MGC cells or KG-I cells (data not 
shown). 

The cytotoxicity against IMR-32 
cells of the sera of SLE patients and 
rabbit anti-GAl serum after elimina
tion of anti-GAI antibody 

After the absorption of anti-GAl 

Table 1 Anti-GAl antibody titre in the sera of 30 patients with SLE 

Cases 
< x 20 

SLE with 20 3 

CNS involvement 

SLE without 
10 8 

CNS involvement 

Healthy adult 20 20 

Anti-GAl antibody titre Total 
x 20 x 40 x 80 < positive % 

6 3 8 55.0 

(15.0%) (40 .0%) 

2 0 .0 

0.0 

Table 2 Anti-GM 1 antibody titre in the sera of 24 patients with SLE 

anti-GM 1 antibody titre Total 
Cases 

< x 20 x 20 x 40 x 80< positive % 

SLE with 

CNS involvement 
14 13 0 .0 

SLE without 

CNS involvement 
10 8 2 0.0 

Healthy adult 20 20 0.0 
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antibody, rabbit anti-GAl serum serum IgG fraction had as much 
lost completely its cytotoxicity cytotoxicity against IMR-32 cells as 
against IMR-32 cells. The sera of the original sera (Fig. 4). 
CNS-SLE patients lost most of the The cytotoxicity against IMR-32 
activity in that regard, although cells of the CNS-SLE serum IgG 
slight cytotoxicity remained fraction, from which anti-GAl anti
(Fig. 3). body had been absorbed, did not 

show any cytotoxicity against IMR-
Cytotoxicity against IMR-32 cells 32 cells (Fig. 5). 
of the CNS-SLE serum IgG fraction 

Staining of neural cells for GAlThe IgG fractions were separated 
antigen by immunofluorescence from the anti-GAl antibody-rich 

sera of CNS-SLE patients. The Almost all the IMR-32 cells were 
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Fig.] Clinical course and anti-GAl antibody titre in 2 CNS-SLE patients. 
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Fig. 3 Alteration of cytotoxicity of sera 
against IMR-32 cells after elimination of 
anti-GAt antibody 

HOSHINO. ET AL. 

100 

~Whole

L1I Serum 

serum 

19:G fraction 

!!2a; 
o 50 }. 
~ . 

~ ,-~---u-----L4-------Ant. GA. 

antibody X 320 X 320 Xl0 


SLE patients with SLE patient without 
eNS involvement CNS involvement 

Fig. 4 Comparison of cytotoxicity 
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ment 

100 

!!2 
a; 
o 

~ 50 
Q) 

o 
~ 

O~----------------------
BEFORE AFTER 

o IgG fraction of sera of SLE patienls ~ eNS mvot-..lement 

• IgG fraction of sera of SLE patients lriIh. eNS inllotvement 
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fraction against IMR-32 cells after elimi
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fluorescence-stained 0 n their cell 
surface membrane after reaction 
with rabbit anti-GAl serum (data 
not shown). Howevet, no fluores
cence was detected on the cell 
membrane of 118 MGC cells nor 
KG-I cells. When the rabbit pre
immune serum or rabbit anti-GAl 
serum with the anti-GA I antibody 
removed by absorption, were used as 
reagents, no fluorescence was de
tected on the surface of these three 
cells lines. 
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DISCUSSION 

It was shown in this study that 
the sera of CNS-SLE patients had 
cytotoxic activity against IMR-32 
cells (a cell line derived from a 
human neuroblastoma) and that the 
activity was reduced after the elimi
nation of anti-GAl antibody from 
the sera. These results suggest that 
serum anti-GAl antibody of CNS
SLE patients has a role to play in 
the cytotoxicity. In contrast to 
rabbit anti-GAl serum, which lost 
its cytotoxicity completely after 
the absorption 0 f anti-GAl anti
body, the sera of SLE patients re
tained activity to some extent after 
the a bsorp tion 0 fan ti-GAI an ti
body. This indicates that some un
known neurocytotoxic factors 
other than anti-GAl antibody could 
be present in the sera of SLE pa
tients. Because anti:GAl antibody 
had been reported to be mainly of 
the IgG class,1I we exmained the 
cytotoxicity of the IgG fractions of 
the sera. A large proportion of the 
IgG neurocytotoxic antibodies in 
CNS-SLE sera was determined to be 
anti-GAl antibody in that the origi
nal sera and their IgG fractions 
showed almost the same cytotoxi
city; IgG fractions with the anti
GA I antibody removed were no 
longer cytotoxic against IMR-32 
cells . Bluestein et al reported that 
75 per cent of SLE sera had cyto
toxic activity to SK-N-SH cells, a 
line also of human neuroblastomal 
origin, and that this cytotoxicity 
derived from IgG and/or IgM anti
bodies.? Our results were con
sistent with their report. It should 
be emphasised that, in the present 
study, one of the most important 
antigens reacting with antineuronal 
antibodies in the SLE sera was 
demonstrated to be an unique 
chemical substance, GAL The SLE 
sera were not cytotoxic against 118 
MGC cells and KG-I cells probably 
because of the absence of GAl on 
their cell membrane. Using as tar
gets three cell lines of neural origin 
(SK-N-SH, LA-N-I and IMR-32) 
and two of glial origin (A-In and 

U-118 MG), Bluestein et al demon
strated that 40 per cent of the SLE 
sera were cytotoxic to all five cell 
lines and 25 per cent reacted against 
at least one neural and one glial cell 
line, while 15 per cent had antineu
ral but not anti-giialreactivity.B The 
differences between their conclu
sions and ours may arise from the 
different cell lines, sera and/or 
assays used. 

IMR-32 cells were determined to 
have GAl on their surface, because 
they were fluorescein-stained by 
rabbit anti-GAl serum but not by 

antineuronal antibodies are hetero
geneous. In our investigation, the 
exacerbation of CNS symptoms was 
accompanied by the elevation of 
the titre of serum anti-GAl anti
body. These results indicated that 
anti-GAl antibody titre in the CNS
SLE sera could be a good indicator 
of its CNS involvement. 19 Hirano 
et al reported that anti-GAl anti
body decreased concurrently with 
periods of convulsive disorders and 
the titres recovered some time 
later. 11 This discrepancy between 
their results and ours probably 

pre-immune rabbit serum or rabbit. arises from the difference in the 
anti-GAl serum with the anti-GAl 
antibody removed by absorption. 
The unequivocal identification of 
the antigenic substance of these 
cells as GAl requires further bioche
mical analysis. Our preliminary 
bio.::hemical analysis using thin-
layer chromatography suggested 
that the substance was truly GA I 
(data not shown). On the other 
hand, 118 MGC cells and KG-I cells 
showed no immunofluorescence 
and therefore, the absence of GAl 
on these cells was suggested. 

Anti-GAl antibody would be 
cytotoxic only to GAl-positive cells 
among the various nerve tissue 
cells. In order for the circulating 
anti-GAl antibody to be pathogene
tic to CNS tissues, destruction of 
the blood-brain barrier would be re
quired to allow the antibody to 
enter the CNS so as to bind directly 
with brain tissues. In this regard, 
we demonstrated anti-GAl antibody 
in the CSF of two cases of CNS
SLE patients (in preparation). 
Bluestein et al similarly found that 
CSF from CNS-SLE patients had 
elevated IgG antineuronal activi
ty .13 As previously mentioned, it 
was reported that antineuronal anti
body (lgG or IgA) was bound 
directly to brain tissue in one 
autopsied CNS-SLE case. 16 

In terms of correlation between 
antineuronal antibody and CNS 
symptoms of SLE, some authors 
have reported affirmateively3,9,10 
while others negatively . I? This is 
probably due to the fact that 

assays used. 
Recently, elevation of anti-GAl 

antibody was demonstrated also in 
the sera of patients with Neuro
Behcet's disease and AIDS (acquir
ed immune deficiency syndrome.)30 
Only low titre of anti-GAl antibody 
in the sera of neurological diseases 
other than CNS-SLE and auto
immune diseases was detected in 
our studies (in preparation). Anti
GM I antibody was not found 
in the sera of our CNS-SLE pa
tients; antibodies to asialo GM2 and 
to galactocerebroside were reported 
not to exist in the sera of CNS-SLE 
patients. ll Therefore, the marked 
elevation of anti-GAl antibody titre 
in the sera was rather characteristic 
of CNS-SLE. 

GAl is known to be an antigen 
shared by i mmunocytes and 
nervous tissues. Sera 0 f rabbits 
immunised with mouse brain homo
genate have marked anti-Natural 
Killer (NK) activity a nd contain 
high titres of anti-GAl antibody. In 
the presence of complement, anti
GAl antibody inhibits mouse NK 
activity and this anti-NK activity 
is eliminated after absorption with 
mouse brain homogenate or 
GAl. 31-33 These findings indicate 
that, in mice, GAl is common to 
NK cells and nervous tissues. GAl 
was reported to exist on the surface 
of suppressor T cells as well as NK 
cells in mice,34 but it has not been 
demonstrated to be on the surface 
of guinea pig or human NK cells. 
In rats, GAl was demonstrated on 
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the surface of thymocytes, peri
pheral T cells, granulocytes and 
macrophages. 35 The distribution of 
GA I thus seems quite different 
from species to species. A small 
amount of GAl is derived from 
human brain tissue, but the distri
bution of GAl in nervous tissues is 
not yet understood. The existence 
and the distribution of GAl on the 
surface of human lymphocytes have 
been in dispute. Normally, human 
lymphocytes are though t not to 
have GA I on the surface, but lym
phocytes from thymoma patients 
with myasthenia gravis or acute 
lymphoblastic leukaemia cells are 
reported to have GAl on their sur
face. 36 Shinomiya et al reported 
that Con A-induced suppressor acti
vity was inhibited by anti-GAl anti 
body in the presence of comple
ment,37 presumably indicating that 
suppressor T cells induced by Con 
A p'ossessed some substance which 
reacted with anti-GAl antibody. 

Although the distribution of GAl 
and the effects of anti-GAl anti 
body on the host are thought to be 
quite different among humans con
pared with other species, GAl seems 
to be an antigen common to both 
immunocytes and nervous tissues in 
various animals. The definition of 
the effects of anti-GAl antibody 
may lead to great progress in clari
fying the pathogenesis 0 f neuro
immunological disorders. 
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Beclome thasone d iprop iona te 
aerosol (BOA) has since 1973 been 
used intranasally in treating pa
tients with hay fever. L Its efficacy 
has also been proved in our peren
nial allergic rhinitis patients. 2 At 
present, another new potent topical 
corticosteroid , "tlunisolide", which 
is closely rela ted to tluocinolone 
acetonide, has been introduced for 
the treatment of patients with aller
gic rhinitis. Many clinical trials on 
the use of tlunisolide nasal spray 
have demonstrated its superiority 
to a placebo for the treatment of 
perennial rhinitis3

-
S and seasonal 

allergic rhinitis . S-LO A similar resu I t 
was also observed in children with 
a lack of any serious side-effects. LL, L2 

Therefore, it may be concluded 
that BOA and flunisolide are safe 
and effective steroid analogues for 
use intranasally in treating cases of 
nasal allergy . A parallel com parison 
between the effectiveness of BOA 
afld tlunisolide has been performed; 
it showed that both of them are 
equally effective. L3 However, our 
clinical study to compare the effec
tiveness of BDA and flunisolide in 
perennial rhinitis patients was carri
ed ou t in an open-crossover design 
to evaluate the superiority of these 
two preparations in order to use 
them properly . 

MATERIALS AND METHODS 

Forty-eight patients were in
volved in this study. They were all 
attending the ENT Allergy Clinic of 
Siriraj Hospital for treatment of 
their perennial rhinitis symptoms. 
Only 45 patients (30 females and 
15 males) completed the study. 
Their ages ranged from 16 to 57 
years; the average age was 28 .5 
years . The duration of symptoms 
ranged from one to 22 years, the 
average duration being 7.3 years. 

SUMMARY Flunisolide nasal solution which is a newly synthesised topical 
corticosteroid was compared with a well-documented beclomethasone dipro
pionate aerosol by an open-crossover trial in a group of 45 perennial rhinitis pa
tients. 

Both flunisolide and BOA have been shown to effect significant control of it
ching, sneezing, stuffy nose and running nose. In both groups, there were no sig
nificant changes of the absolute eosinophil count, the number of eosinophils in 
the nasal smear, and the nasal swabs for bacteria and fungi. But the symptom 
scores rated after the nasal provocative test decreased significantly after each 
treatment. The total serum IgE level increased in both groups, but it was statis
tically significant only in the flunisolide group. The side-effects were reported 
more frequently in the group of flunisolide users but most of them were mild. 
The physicians' and patients' opinions about the effectiveness of each treatment 
were similar although the overall changes in mean symptom scores of all symp
toms and the patients' preference favoured the use of BOA. We concluded that 
flunisolide is probably a valuable alternative to BOA when perennial rhinitis re
quires treatment with a topical corticosteroid. 

ASIAN PACIFIC J ALLERG IMMUN 1984; 2 : 202-206. 

Four patients also had bronchial • 
asthma which was not severe 
enough for them to use broncho
d ila tors regu larly. None had receiv
ed any form of steroid therapy dur
ing the preceding six months. It" 
should be stressed that no BDA had 
been prescribed previously for this 

*From the Departments of Otolaryngology and 
Pharmacology, Faculty of Medicine Siriraj Hos
pital, Mahidol University, Bangkok., Thailand. 
Presented partly at the second ASEAN ORL 
Head and Neck Congre 5S, Malaysia, April 15, 
1984. 

202 



203 BECLOMETHASONE DIPROPRIONATE AND FLUNISOLIDE IN ALLERGIC RHINITIS 

group of patients. No patient had 
any signs nor symptoms of infec
tion in the nose, throat and sinuses 
at the beginning of and throughout 
the trial period. A family history 
of allergic diseases was positive in 
34.1 per cent of the patien ts . 

The duration of this trial was 
eight weeks. Patients were given 
one kind of treatment for four 
weeks then another kind for 
another four weeks . In order to mi
nimi~e any bias among the physi
cians who were familiar with BOA 
from our previous trial , the trea t
ment given to each patient was 
accomplished on weekly basis by 
one of our technicians. The physi
cians who evaluated the results did 
not know the kind of treatment the 
patients were being given. 

The wash-out period was not de
signed in this trial because it was 
stated that the effect of BOA lasted 
only 1-2 days after it was discon
tinued . 14 In our own observation, 
the carry-over effect of flunisolide 
lasted fewer than 72 hours. 

Prior to the commencement of 
treatment , every patient was tested 
intracutaneously with a standard 
panel of 12 common allergenic ex
tracts such as house-dust, house
dust mite, pollens, moulds and 

)' 	household insects. Roentgeno
graphy of the chest and paranasal 
sinuses was also performed; if any 
abnormality was detected , the pa
tient was excluded from the study. 
On admission and at the end of 
each treatment period, every pa
tien t had received or undergone the 
following : 

puff in each nostril four times a day 
for four weeks. This represented a 
daily dose of 400 micrograms per 
day. 

As for flu nisolide, the dosage· 
used was two sprays in each nostril 
twice daily giving a total daily dose 
Qf 200 micrograms of flunisolide 
per day. This was also done for 
four weeks . 

All patients were also given a 
kind of antihistamine tablet (chlor
pheniramine maleate 4 mg or a 
combination of tripolidine HCI 2.S 
mg and pseudoephedrine HCI 60 
mg) to be used supplementarily as 
necessary. 

Pa tients were assessed on admis
sion to the trial and at the end of 
each test medication on the follow
ing symptoms using a graded scor
ing system : itching, sneezing, stu f
finess and running nose, each rated 
on a 4-point scale (0= none, 1= 
slight, 2= moderate, and 3= severe). 

Tests for significance of the find
ings were performed using the Chi
square test, the paired-t test and the 
student's t test where appropriate. 

Earlier studies in experimental 
animals showed that inhaled fluni
solide in doses of less than 4.0 mg 
per day did not suppress the plasma 
cortisol levels. IS Also, investiga
tions on the use of flunisolide in 
man showed no sign of adrenal sup
pression at the therapeutic dose. 3-13 

There is also sufficient evidence to 
indicate that long-term use of BOA 

produces no systemic effect. I, 16-22 

Therefore, no test for adrenal func
tion was included in this study. 

RESULTS 

The 33 patients who received 
BOA first were allocated to group I 
and the 12 pa tien ts who received 
flunisolide first we re allocated to 
group II. In the in tracu taneous 
test, every patient showed at least a 
2+ reaction to more than two com
mon allergens . By the end of the 
trial, all patients had used both 
BOA and flunisolide each for one 
month and the overall changes of 
the symptom scores for each symp
tom after each therapy are shown 
in Table 1. 

Both drug groups showed signifi
cant reductions of symptom scores 
from the control group with regard 
to itching, sneezing, stuffy nose and 
running nose. However, when the 
effects of the two drugs were com
pared by using the overall symptom 
scores for all symptoms, BOA was 
shown to be significantly superior 
to flunisolide (p<O.OOOS). 

The mean changes of the symp
tom scores of group I and group II 
were also recorded separa tely 
(Table 2). 

This again shows significant 
symptomatic relief in both the 
BOA and the flunisolide groups. 

The mean admission score for 
sneezing, stuffy nose and running 

Table 1 Overall changes in mean symptom score in all patients using BOA and fluniso
lide (for one month each). 

a . a complete routine ENT ex Mean change from admission 
amination, (mean ± S.D.) 

b. nasal swabs for bacteriolo Symptom 
Beclomethasone Flunisolidegical as well as fungal studies, 

dipropionate group groupc. nasal provocation test with 
house-dust mite extract. Itching - 1.18 ± 0.58*** - 0.44 ± 1.12* 

d . eosinophil estima tions of Sneezing - 1.56 ± 0.65*** - 0.8 ± 1.03*** 
nasal secretions. 

Stuffy nose 	 - 0 .93 ± 0.93*** - 0.87 ± 0.99*** 
e. 	complete blood count. 

Running nose 	 - 1.27 ± 0.69* ** - 0.8 ± 1.03* ** f. 	 total serum IgE determina
tion (by Phadebas IgE PRlST test 

Total score 	 - 4.96 ± 1.99*** -2.91 ±3.34**
kits). 

With regard to BOA, each pa * = P < 0.05; ** = P < 0.005; *** = P <0.0005 . 

tient was instructed to inhale one Calculated by using the paired-t test. 

http:tinued.14


204 BUNNAG. ET AL. 

Table 2 Mean symptom scores on therapy. (mean ± S.D .) 

Group ( Group II 
Mean change Mean change 

Symptom from admission from admission 
Mean Mean

Period ( Period II period I Period II
admission admission 

(BOA) (flunisolide) (flunisolide) (BOA)
score score 

It ching 1.76 ± 0 .90* - 1.39 ± 0.55*** - 0.42 ± 1.11 * 1.08 ± 1.08 - 0.50 ± 0.996* - 0 .58 ± 0.67* 


Sneezing 2.30 ± 0.68 - 1.64 ± 0.67*** - 0 .76 ± 1.03*** 1.92±0.9 - 0 .92 ± 0.95** - 1.33 ± 0.79*** 


Stuffy nose 1.76 ± 0 .83 - 1.00 ± 0.87*** - 0 .79 ± 1.02*** 2.08 ± 0.9 - 1.08 ± 0.95*** - 0 .75 ± 0.98* 


Running nose 2.00 ± 0 .87 - 1.33 ± 0.60*** - 0 .79 ± 1.02** 1.92 ± 1.08 - 0.83 ± 1.08* - 1.08 ± 0.94*** t) 


Total scores 7.82 ± 1.70 - 5.40 ± 1.71 *** - 2.76 ± 3.41 *** 7.00±2.17 - 3.33 ± 3.05*** - 3.75 ± 2.60*** 

* = P <0.05; ** = P < 0.00 5 ; **" = P <0.0005 
(using the paired-t test to compare the admission score with that of period I and period II) 

nose between the two grou ps was Table 3 Various investigations accomplished at the beginning and at each foUow-up 


not significantly different. Only visit. 


the mean admission score for it

ching in group I was slightly more Control BOA Flunisolide 

than that of group II; nevertheless, 


Abs. Eos. (mean ± S.E.) 528.46 ± 131.47 377.18 ± 49 .74 290.40 ± 69.39when the mean of the overall symp

tom scores was analysed, it showed Eos. in nasal smear 5.11 ± 6.38 8.95 ± 16.78 3.71 ± 9 .07 
 1: 
no significant difference between (mean ± S.D.) 
the two grou ps. Nasal provocative test 3.53 ± 3.00 1.6 ± 1.50*** 2.29 ± 2 .25* 

Among the various investigations (mean ± S.D.)
carried out during the trial, viz. 

IgE (mean ± S.E.) 595.58 ± 62.43 663.55 ± 91.41 845.44 ± 214.07*** absolute eosinophil count, eosino
phils in the nasal smear, nasal pro
vocation test and total serum IgE, 
the results were collected and re
corded for three groups 

I. The control group (= before 
commencing the treatment) 

2. After using BOA for four 
weeks 

3 . After using flunisolide for four 
weeks 

The result of the nasal provoca
tive test was expressed by rating the 
nasal manifestations which OCCU!T

ed after the provocation on the 4
point scale as described earlier. The 
overall results 0 f these investiga
tions are summarised and shown in 
Table 3. 

There were no significant 
changes in the absolute eosinophil 
count and the number of eosino
phils' in the nasal smear from the 
control after using both BOA and 
flunisolide. But the symptom 
scores rated after the nasal provo

* = P < 0 .0 5; ** = P < 0 .00 5 ; *** = P < 0 .0005 
Calculated by paired-t te st comparing the control and patients a ft e r using BOA and Flunisolide. 

cative test decreased significantly 
after each treatment. Total serum 
IgE increased in both treatment 
groups, but it reached the statisti
cally significant level only in the 
flunisolide group . 

Three nasal swabs taken from 
every patient at the beginning and 
after each treatment period reveal
ed some growth 0 f bacteria and 
fu ngi bu t they did not differ signi
ficantly between each interval. No 
growth of Monilia was reported. 

Most of the patients also used 
antihistamine tablets during the' 
trial, but only in small amounts; 
they were comparable in both the 
BOA and flunisolide groups. 

Three patients on BOA treat
ment and nine patients on fluniso
Iide experienced some side-effects 

which were considered to be pro
bably drug-related (see Table 4). 
Some patients reported more than 
one side-effect; however , only one 
patient with rash discontinued 
therapy after using flunisolide for 
three weeks, but we did not ex
clude this case from the study . 

The assessments of the effecti
veness of each kind of treatment by 
patients and physicians at the end 
of the trial are shown in Table 5. 

The patients' and physicians' 
opinions were similar and both 
drugs showed a significant control 
of symptoms. There was no statis
tically significant difference b et
ween the two treatments (p = 
0 .3305 for patients and p = 0.3394 
for physicians) . 

At the end of the study , the pa

http:7.00�2.17
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Table 4 Number of side-effects reported. 

Side-effect BOA Flunisolide 

Burning sensation 

Nasal irrita tion 

Nasal obstruction 

Throat dryness 

Headache 

Dizziness 

Insomnia + night mare 

Rash 

Total 

9 

6 12 

Table 5 Comparison of effectiveness of drugs. (using the Chi-squared test) 

Very Effective Moderately Not
Evaluated by 

effective effective effective 

I' 

Patients 

BOA 
Flunisolide 

(p = 0.3305) 

Physicians 

BOA 
Flunisolide 

(p = 0.3394) 

Very effective 
Effec tive 
Moderately effec tive 
Not Effective 

1 1 

9 

6 

4 

18 

6 

18 

1 1 

13 

13 

17 

12 

'" I 00% control of symptoms 
75% control of symptoms 
50% control of symptoms

'" < 50% control of symptoms 

3 

17 

4 

18 

.:.. Table 6 Preferences at end of study . 

BOA Flunisolide Same None 

Patients 35 7 1 2 

(77.78%) (15.56%) (2.22%) (4.44%) 

tients expressed a preference for 
BOA (see Table 6) . 

DISCUSSION 

In general , the overall symp tom 
scores and the patient preference in 
our study have shown that BOA is 

superior to tlunisolide . This is 
quite a different outcome than that 
of another comparative study 
where tlunisolide was proved to be 
equally effective as BDA.13 Some 
of our patients noted that both 
BOA and tlunisolide were equally 
effective in controlling their nasal 

symptoms; however, they preferred 
the use of BOA. One possible rea
son for this high preference may be 
due to the different presentation of 
the two drugs. Flunisolide nasal 
spray is a mildly viscous aqueous 
solu tion of 0.025% tlunisolide in a 
mixture of 20% propylene glycol 
and 15% polyethylene glycol de
livered by a metered dose pump 
while beclomethasone dipropionate 
is a suspension propelled by tluoro
chlorohydrocarbon (Freon) deliver
ed by a metered dose aerosol. The 
presentation of BDA and its vehicle 
may have been more acceptable for 
our patients. Among many side
effects reported by tlunisolide 
users, a burning sensation in the 
nose was the most frequent. This is 
probably due to its vehicle; in the 
earlier studies which compared tlu
nisolide with its vehicle control, 
this side-effect was also encounter
ed. This vehicle provides an ad
vantage over the mild discomfort 
encountered as it makes possible 
the administration of tlunisolide via 
the in tranasal spray wi thou t having 
to use halogenated hydrocarbon 
propellants. 

Another complaint of a few pa
tients who using tlunisolide nasal 
spray was that the solution ran 
down the back of their throat and 
sometimes returned through their 
nostrils. However, this complaint is 
not considered a side-effect. It is 
interesting to note that epistaxis, 
which is one of the side-effects re
ported in a study of intranasal cor
ticosteroids, in the Western Hemis
phere, did not happen in our pa
tients . This may be attributable to 
the climate of our country which is 
warm and humid rather than to the 
d rug itself. 

Our results confirmed the find
ings that both BOA and flunisolide 
are safe and effective treatments for 
patients with perennial rhinitis. In 
the group of patients who preferred 
the use of tlunisolide nasal spray, 
there were some who really appre
ciated its effective control of their 
nasal symptoms . Furthermore, the 
twice-a-day dosage regimen of tluni
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solide is also more suitable for the 
patient than the four-tirnes-a-day 
dosage of BDA. 

Therefore, f1unisolide was cer
tainly valuable as an intranasal 
treatment in the group of perel1(lial 
rhinitis patients who responded 
satisfactorily to its use. It was also 
valuable as an alternative in another 
group of perennial rhinitis patients 
who did not respond to BDA or 
who used to respond well but after 
long-term use, developed tolerance 
to BDA. 

In a comparative study, fluni
soli de was shown to be significantly 
superior to sodium cromoglycate in 
the overall assessment of symptom 
control in hay fever patients. 23 Flu
nisolide aerosol was also found to 
be an effective and well-tolerated 
alternative to oral corticosteroids in 
the treatment of steroid-dependent 
asthma in both aduW;24 and chil
dren.2s In a study of a group of 
patients using BDA for asthma, 
their accompanying perennial rhini
tis was substantially controlled by 
flunisolide nasal solution without 
significant effect on plasma cortisol 
levels and on the incidence of over
growth of Candida.26 Flunisolide 
used at the therapeutic dose for the 
treatment of perennial rhinitis for a 
period of three months was proven 
to exert no significant effect on the 
collagen content or the surface 
epithelium of the nasal mucosa. 
There was also no sign of atrophic 
rhinitis or any infective process in
duced by the drug.27 Hence, fluni
solide is another form of topical 
steroid which can be used alterna
tively or concurrently with BDA 
for controlling allergic sym ptoms of 
the airways with considerable effect 
and safety. 
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Bone marrow transplantation is an 
important manoeuvre in the field of 
fundamental research on immuno
logy 1-4 as well as in clinical applica
tions. S This "cellular engineering" , 	manoeuver6 has been u sed with 
mice for the last decade ; irradiated 
recipient mice have been recons
tituted with bone marrow cells 
from either syngeneic, semi-allo
geneic or allogeneic strains. In our 
laboratory, several immunological 
characteristics of bone marrow 
chimeric mice have been studi

- 11ed .7 These characteristics include 
humoral immune response,7-9 con
tact sensitivity ,7,IO cytotoxic T-Iym
phocyte (CTL) activity,7 natural 
killer (NK) cell activity,7 and 

;if.. granuloma formation to BCG cell
wall vaccine. 11 

The experimental system for the 
study of contact sensitivity in mice 
is well established. 12 

,13 Hypersensi
tivity , specific for a relevant hapten 
group, can easily be evoked follow
ing sensitisation with 2, 4-dinitro
fluorobenzene (DNFB). On the 
other hand, when mice are injected 
intravenously with 2, 4-dinitro
benzene sulphonic acid sodium salt 
(DNBS), which shares . antigenic 
moieties with DNFB, the mice will 

,;l not show any manifestations of hy

persensitivity following sensitisa
tion with DNFB.14 This phenome
non has been studied extensively as 
one of the experimental models for 
"immunological tolerance" and it is 
well established that suppressor T 
cells are responsible for the to
lerance induction. IS 

We previously reported that H-2
incompatible bone marrow 
chimeras were unable to induce im
munological tolerance to DNFB 
following intravenous injection 
with DNBS.7,10 From these data, we 
postulated that some of the path
ways involved in the induction of 
tolerance did not work in these 
animals as had been shown in the 

SUMMARY Using irradiated bone marrow murine chimeras, we analysed the 
H-2 compatibility required for tolerance induction to the contact sensitiser 
ON F B (2, 4-dinitrofJuorobenzene). In our previous reports, we showed that a 
previous injection of ONBS (2, 4-dinitrofluorobenzene sulfonic acid sodium salt) 
failed to induce tolerance to the relevant antigen (ONFB) in H-2-incompatible 
bone marrow chimeras, but it succeeded in H-2-compatible chimeras. In the pre
sent study, we employed a number of chimeras constructed from various com
binations of marrow cells from B10 H-2 recombinant strains and AKR recipient 
mice to evaluate fine subregion compatibility at the H-2 complex required for 
the induction of tolerance. We found that total H-2 compatibility was required 
for tolerance induction in these chimeras. 
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system of primary antibody re
sponse to sheep erythrocytes.7,8 
These pathways may include 
macrophage-T cell interaction, T-T 
cell interaction(s) and soluble fac 
tor(s)-T cell interaction(s) ; some of 
these interactions have been de
monstrated to work under the con
trol of the H-2 gene (H-2 restric
tion).16-18 In the present study, we 
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Immunological Science, Hokkaido University. 
Kita· 15. Nishi-7, Kita-ku, Sapporo. 060,Japan. 
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prepared a number of chimeras con
structed from various combinations 
of marrow cells from BI0 H-2-re
combinant mice and AKR reci
pients to evaluate fine histocompa
tibility between donor and reci
pient animals required for the in
duction of tolerance to DNFB. The 
resul ts strongly suggest that in this 
experimental system bone marrow 
recipients must share the total H-2 
region with bone marrow donors 
in order to show immunological 
tolerance following intravenous in
jection with DNBS. 

MATERIALS AND METHODS 

Mice 

Female BIO . A(2R), BIO. A(5R), 
BIO. AKM and AKR werepurchas
ed from Jackson Laboratory, Bar 
Harbor, Maine, U.S.A. Female B I O. 
A(3R), BIO. A(4R) and BIO. AQR 
were produced in our animal facul
ty. First, two strains were originat
ed from the breeding pairs kindly 
previded by Dr. T. Hamaoka of 
Osaka University and the BIO. 
AQR mice were provided by Dr. 
K. Okuda of Yokohama City Uni
versity . Mice 8-12 weeks old were 
used as irradiated recipients; mice 
7-10 weeks old , as bone marrow 
cell donors. All mice were main
tained on sterilised water and a 
conventional diet ad libitum. 

Bone marrow chimeras 

Chimeric mice were prepared as 
described previously.7,1O,19 Briefly, 
recipient mice were irradiated with 
880-900 R of X-radiation and in
jected with 25 x 106 bone marrow 
cells pretreated with monoclonal 
anti-Thy 1.1 (clone Til D7e, Olac 
Ltd., England) or anti-Thy 1.2 
(clone F7D5, Olac). All chimeric 
mice were allowed to rest more 
than eight weeks prior to analyses 
for chimerism and contact sensi
tivity . (For simplicity, an irradiated 
AKR chimera reconstituted with 
BIO.A(2R) cells is referred to 
herein as [Bl 0.A(2R) ..... AKRJ ; 
other chimeras established wi th dif
ferent combinations are referred to 

according to 'this nomenclature.) 

Cytotoxic test 

All chimeric mice were analysed 
for chimerism by the cytotoxic test 
as described earlier.7 Thymocytes 
were incubated with anti-Thy 1.1, 
anti-Thy 1.2 or medium 199 fol
lowed by incubation with rabbit 
complement. The percentage of 
dead cells was evaluated by using 
the dye-exclusion me thod wi th 
0.2% trypan blue; the cytotoxic in
dex (C.I.) was detemlined accord
ing to the following formula: 

YASUMIZU, ET AL. 

abdomen using 25 Jl.I of 0.5% 
DNFB in a 4: I acetone: olive oil ve
hicle. Five days a fter the first 
painting, the mice were challenged 
with 20 Jl.1 of 0.2% DNFB on the 
righ t ear and wi th 20 Jl.I of vehicle 
on the left ear as control. Twenty
four hours later, ear thickness was 
measured with a dial thickness 
gauge (Model G, Peacock C, To
kyo). The responsiveness of the 
mice to contact sensitisation was 
calculated by subtracting the thick
ness of the left ear from the thick
ness of the right ear and expressed 

(% of dead cells in experiment) - (% of dead cells in complement control) 

C.I.= xiOO 


100 - (% of dead cells in complement control) 

Proliferative response to mitogen 

Spleen cells (5 x lOS) were 
cultured with I Jl.I/ml of phyto
haemagglutinin (PHA) (Difco La
boratories, Detroit, U.S.A.), 5 Jl.g/ml 
of Con A (Sigma Chemical Co., St. 
Louis, U.S.A.) or 25 Jl.g/ml of E. coli 
LPS (Difco Laboratories) in a 96
well round-bottom plate (A/S 
Nunc, Denmark) in 200 Jl.1 of RPMI 
1640 (Gibco Laboratories, Grand 
Island, N.Y., U.S.A.) supplemented 
with 10% foetal calf serum (Gibco 
Laboratories), 100 U/ml of penicil
lin and 100 Jl.g/ml of streptomycin. 
The plate was cultured in a humi
dified 5% CO 2 atmosphere at 3TC 
for 72 hours with 0.5 Jl.Ci [methyl
3HJ thymidine (NET-027, New 
England Nuclear, Boston, U.S.A.) 
added during the final 20 hours. 
Cultures were harvested onto a glass 
filter and processed for liquid scin
tillation counting. Arithmetic 
means of triplicate cultures were 
presented in counts per minute 
(cpm). 

Contact sensitivity and tolerance in
duction to DNFB 

DNFB and DNBS were obtaiped 
from Wako-Junyaku Co., Tokyo. 
Sensitisation with DNFB and to
lerance induction by DNBS were 
based on the method of Phanuphak 
et at. 14 The mice were sensitised by 
two daily paintings on the shaved 

in units of 10-2 mm. Tolerance to 
DNFB was induced by intravenous 
injection of DNBS (750 mg/kg) 
seven days before sensitisation with 
DNFB. 

RESULTS 

Chimerism by allogeneic marrow 
transplantation 

All the chimeric mice were 
evaluated for chimerism when they 
were sacrificed for experimentation 
following 8-12 weeks of rest after 
irradiation. Thymocytes of the 
chimeric mice were estimated on 

Table 1 	 Thy 1 phenotype of chimeric 
mice ,fl' 

Cytotoxic Index (%)
Strain 

Thy 1.1 	 Thy 1.2 

[BlO. A(2R).....AKRJ * 4 79 

[B10. A(3R.....AKR] 3 81 

[BIO . A(4R).....AKR] 8 76 

[BIO . A(5R)->AKR] 6 85 

[BIO.AKM.....AKR] 7 74 

[BIO .AQR.....AKR] 15 82 

[AKR.....AKR] 60 11 

C57BL/6 0 81 

*[BI0. A(2R) .....AKR] indicates irradiated -t},.. 
ARK mice reconstituted with bone marrow 
cells of the BIO. (22R) stain. 
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Thy 1 phenotype by means of 
cytotoxic test. As shown in Table 
1, thymocytes obtained from AKR 
mke (Thy 1.1) reconstituted with 
B 1 0 congeneic mice (Thy 1.2) show
ed a Thy 1.2 phenotype as did 
those from normal B6 mice. These 
data demonstrate that all mice were 
reconstituted with cells of the do
nor phenotype, thus were full 
chimeras. 

Responses of spleen cells of chime
ric mice to mitogens 

Next, we observed proliferative 
responses to three kinds of mito
gens (PHA, Con A, LPS) to evaluate 
the T cell and B cell reconstitution. 
Representative experiments com
paring responses to these mitogens 
of spleen cells from six kinds of 
chimeras, [AKR--+ AKR] syngeneic 
marrow transplanted mice and 
normal B6 mice are shown in Table 
2. The last group of B6 mice com
prised three subgroups, which had 
been sensitised with DNFB or tole
ralised with DNBS or left untreated. 
As the table shows, all groups of 
chimeras responded at a level com
parable to that of normal B6 mice, 
which result was consistent with 
previous 0 bservations 0 n 0 ther 
chimeric mice. 7,lo Sensitisation 
with DNFB or desensitisation with 
DNBS had no influence on their re
sponses. 

Based 0 n these results, it was 
assumed that all irradiated mice had 
been successfully r econstitu ted 

.$ 	 with bone marrow cells of donor 
origin and that the lymphoid cells 
of the mice were well developed 
and sufficiently mature to respond 
to the mitogens. These mice were 
then used for contact sensitivity 
experiments. 

Contact sensitivity and tolerance in
duction to DNFB in chimeras 

To investigate interactions of the 
immuno-competent cells and the 
host cells or cellular components, 
an analysis was carried ou t with re

•ty gard to the capacity of the H-2-sub
region-compatible chimeras to de
velop and express contact sensiti-

Table 2 Proliferative responses to mitogens in chimeric mice. 

Incorporation of ~ -Thymidine (cpm) 
Strain I 

Medium PHA Con A LPS 

[BI0. A(2R)--+AKR] * 2,634 9,879 28,174 20,034 
[BI0. A(3R)--+AKR] 2,697 12,220 28,793 17,477 
[BI0. A(4R)--+AKR] 2,459 21,132 31,138 19,843 
[BI0. A(5R)--+AKR] 1,109 5,836 31,205 15,351 
[BI0. AKM--+AKR] 1,289 4 ,455 32,891 13,730 
[BI0. AQR--+AKR] 1,461 10,257 33,682 13,547 
[AKR--+AKR] 3,763 9,447 37,145 21,790 
C57BLj6 (sensitised) 2,324 14,443 44,386 14,338 
C57BLj6 (tolerant) 952 12,936 54,200 16,898 
C57BLj6 (nonnal) 784 9,722 46,388 15,092 

"'See footnote in Table 1. 

Table 3 Tolerance induction requiring total H-2 compatibility between donor and re
cipient mice. 

H-2* DNBS DNFB Ear swelling 
Strain No. (x 102 mm)

.+K A B J E C 0 IV sens+ mean ± s.d. 

[BI0 . A(2R)--+AKR]t k k k k k d b 6 + + 7.0 ± 3.0 

[BIO. A(3R)--+AKR] b b b b k d d 6 + + 12.8 ± 3.5 

[BI0 . A(4R)--+AKR] k k b b b b b 6 + + 13.0 ± 4.1 

[BIO . A(5R)--+AKR] b b b k k d d 7 + + 7.7±5.3 

[BIO. AKM--+AKR] k k k k k k q 5 + + 8.0 ± 1.6 

[BIO. AQR--+AKR] q k k k k d d 5 + + 9.8 ± 4.1 

[AKR--+AKR] k k k k k k k 4 + + 2.0 ± 0.8 

C57BLj6 (sensitised) 5 + 12.0 ± 2.5 

C57BLj6 (tolerant) 5 + + 1.8 ± 0.8 

C57BLj6 (normal) 3 1.7 ± 0.6 

t See footnote in Table 1. 
.. H-2 maps of bone marrow donor strain are presented. Underlined regions are histocompatible 

between donor and recipie nt (AKR, H-2 k ). 
+ Mice were injected with ONBS seven days before DNFB sensitisation. 

vity to DNFB, using the ear swell DNFB by intravenous administra
ing technique of Phanuphak et al. 14 tion of DNBS before the sensitising 
As shown in previous papers,7,10,20 application of DNFB gave a diffe
in which H-2-incompatible alloge rent result. Ear swelling data on 
neic chimeras showed vigorous re these chimeric mice are presented 
sponses in contact sensitivity ex in Table 3 together with the H-2 
pression, a vigorous capacity to de map of the donor strains. Under
velop and express contact sensiti lines in the H-2 map indicate histo
vity was also present in the H-2- compatible regions between donor 
subregion-compatible chimeras and recipient strains. As may be 
(data not shown). seen in the table, tolerance was suc

Analyses to evaluate the capacity cessfully induced in syngeneic 
to produce specific tolerance to [AKR--+AKR] mice. However, 
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neither group of chimeric mice re
constituted with B1 0 congenic 
strains showed a manifestation of 
tolerance to ONFB, even if reci
p ient AKR mice shared almost all 
H-2 regions (except for the H-20 
region) with the donor strain B1O. 
AKM, [BIO.AKM4AKR]. 

DISCUSSION 

In our previous reports,7,10 it was 
demonstrated that [B64 C3H] and 
[B64 AKR] H-2- incompatible 
chimeras developed and expressed 
contact sensitivity to ONFB. How
ever, those mice appeared to be 
completely unable to develop the 
specific unresponsiveness to 
stimulation with ONFB by the in
travenous administration of ONBS. 
By contrast, AKR mice reconsti 
tuted with H-2-compatible bone 
marrow cells from Ek mice (B6 
congenic mice with H-2k) showed 
successful induction of tolerance.7 

Since expression 0 f tolerance to 
ONFB by the intravenous route 
is mediated by suppressor T 
cells, 12,13, IS it wa s suggested that 
the AKR recipient mice had to 
share the H-2 region with the donor 
strain for the suppressor T cells to 
inhibit the response. 

In the present study, several 
groups of bone marrow chimeras 
were prepared to analyse the pre
cise requirements of histocompati
bility within the H-2 complex for 
tolerance-induction to ONFB. B10 
congenic and B I O. A intra-H-2 re
combinant strains were introduced 
as bone marrow donors to establish 
such chimeras. These chimeric 
mice had con tribu ted to the eluci
dation of fine genetic restriction in 
primary humoral response as des
cribed elsewhere.8,21 

It was clearly demonstrated that 
tolerance was induced by ONBS 
only when the recipient mice were 
reconstituted with marrow cells 
from a syngeneic donor. In [B1 O. 
AKM4AKR] chimeric mice, where 
AKR recipients shared the greater 
part of the H-2 region (except for 

H-20) with the B I O. AKM donor, 
tolerance could not be demonstrat
ed. This finding suggests that total 
H-2 identity between donor and re
cipient is required for tolerance in
duction. These results are in strik
ing contrast to the findings regard
ing primary humoral responses to 
sheep erythrocytes,8,9,21 where 
compatibility at the left one half of 
the H-2 region was shown to be suf
ficient to produce antibody. It 
seems that the apparent discrepan
cy is due to the difference in cell 
types involved in these experimen
tal systems . 

Suppressor T cell (Ts) mecha
nisms exerting "in contact" sensi
tivity to ONFB have been in ten
siv'Ciy investigated using several ex
perimental systems, viz. Ts induced 
by ONBS,14-17 Ts induced by ONP
modified spleen cells (reviewed in 
references 12 and 13) orTs induced 
by TNBS.18 However, there is a 
marked heterogeneity with regard 
to the nature of Ts involved in 
these systems, i.e . intravenous ad
ministration of ONBS induces Ts 
functioning in the afferent phase 
and TNBS activates efferent phase
acting TS.22 In the former system, 
Moorhead ls ,16,23 proposed that the 
suppression of the sensitivity was 
mediated by a factor (soluble 
suppressor factor, SSF). Following 
activation 0 f SSF-producing cells 
(Ts?) by ONBS, these cells release 
SSF after stimulation by ONFB 
painting. Thereafter, SSF, with H-2 
antigenic moiety and binding capa
city to ONP, interacts with ONFB
immune T cells resulting in a failure 
of effector T cells develop. For the 
interaction between the factor and 
the immune T cells, compatibility 
at the H-2K and/or H-20 region is 
required. 

On acceptance of this illustra
tion, our findings suggest that the 
chimeric mice in the present study 
carried some defects in these in
teractions. It seems to us that com
patibility at the H-2K and H-20 re
gions between donor and reCipient 
strains is required for the interac
tions to occur efficiently. How-

f . 
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ever, the suppressor T-cell mecha
nism is made up of several steps at 
different stages. Furthermore, 
when irradiation bone marrow 
chimeras are employed to analyse 
immune functions, sometimes wide 
variations in responsiveness are 
observed; these are probably in
fluenced by the differences in the 
strain combinations to establish the 
chimeras and in the nature of anti
gens used in the assay systems. 20,24 
Further analyses remain to be per- .. 
formed. 
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Airway obstruction is one of the 
main features of bronchial asthma . 
Therefore, its accurate assessment is 
important with regard to clinical 
diagnosis and management. Some 
asthmatic children were considered 
to be in remission when clinical re
covery from asthma was apparent.! 
However, increased bronchial 
smooth muscle tone may remain 
present, which probably renders 
such children susceptible to more 
severe chronic airway obstruction 
in the fature .2 

This study was undertaken to 
observe whether the pulmonary 
function of such children differs 
from that of normal children so 
that preventive measures may be 
provided. 3 

MATERIALS AND METHODS 

Subjects 

Pulmonary function was mea
sured in 24 child ren aged 6-15 years 
who had been followed up con
tinuously in a paediatric allergy cli
nic for over one year. They also ful
filled the following criteria: I) histo
ry of bronchial asthma for over three 
years; 2) symptom-free period of 
more than two weeks and 3} not 
having received antiasthma tic treat
ment (i .e ., bronchodilator, steroids, 
hyposensitisation, etc.) during the 

SUMMARY Asthmatic children may be susceptible to more severe chronic air
way obstruction during symptom-free periods if pulmonary function impairment 
is permanent and proper management is not given. This study was undertaken to 
observe whether the pulmonary function of such children differs from that of 
normal children so that preventive measures may be takan. Using a Godart Pul
motest Spirometer, the forced vital capacity (FVC), forced expiratory volume 
(FEV) in the first second (FEV!.o) and mid-maximal expiratory flow rate 
(MME FR) were measured. Clinical evaluation was also performed at the same 

17 ± 1-week interval for a period of one year. 
~, 

Statistical analysis revealed 1) pulmonary function abnormalities in symptom
free asthmatic children, and 2) significant improvement after the administration 
of bronchodilator. Early detection of these abnormalities and the provision of a 
bronchodilator could, perhaps, prevent the further development of more severe 
chronic airway obstruction. 

ASIAN PACIFIC J ALLERG IMMUN 1984; 2: 212-216. 

previous two weeks. 

Methods 

Complete histories, physical ex
aminations and parental consent 
were obtained for all children. They 
had been trained to perform the 
pulmonary function test in advance. 
Using a Godart Pulmotest Spiro
meter , the following pulmonary 
function parameters were initially 
measured in all children: forced 
vital capacity (FVC), forced ex
piratory volume in the first second 
(FEV 1.0) and maximal mid-expira
tory flow rate (MMEFR).4 The 
children were classified into the 
following groups (Table I): 
Group J: Patients with normal pul

monary function test. 

Group If: Patients with abnormal 

pulmonary function test, having 

at least one or more of the pul

monary function parameters that t' 

registered less than 70 per cent of 

the predicted mean value . 

Group Ifl: Patients with abnormal 

pulmonary function test who were 
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Table 1 Age distributions among the three groups-of subjects A rejection criterion of 0.01 was 
used for judging significance. The 

Age (years) pulmo-parameters for normal Thai 
Group Number (n) children using the standard spiro

Range Mean sd meter (Godart Pulmotest Spirome

I 8 8-15 10.9 2.59 ter) had not yet been established ; 


thus the mean values and normal
" 8 7-15 10.8 2.71 

ranges presented by Polgar and Pro
11/ 8 7.5-15 12.4 2.41 
madhat6 were used. 

Table 2 Mean (x) and standard deviation (sd) of pulmo-parameters of the first meas
urement (lime period 1) 

Group FVC (ml) 

Actual 1,903.02 
± 687 .99 

Predicted 2,121.00 
± 707.96 

Actual/pred icted 0.89 
±0.04 

II Actual 1,620.98 
± 531.24 

Predicted 2,329.21 
±710.88 

Actual/Predicted 0.69 
±0.05 

III Actual 1,885.12 
±462.16 

Predicted 2,601.04 
±636.36 

Actual/Predicted 0.72 

±0.02 

administered an oral bronchodilator 
on a continuous basis (treated 
group). 

Group I and II was given the oral 
bronchodilator only on an intermit
tent basis (non treated groups) and 
the pulmonary function tests were 
perfonned after discontinuation of 
the medication for a t least two 
weeks. 

The study began eight weeks 
after the selection and grouping of 
the children. The pulmonary func
tion parameters (FVC, FEV 1. 0 and 
MMEFR) were measured at the 
same time (around 9 a.m .) for all 
children (Table 2). All children 
were retested and closely followed 
up clinically every 7± 1 weeks for a 
period of one year (Table 3). All 

FEV1.0 (m!) MMEFR (I/min) 

1,752 .25 144.77 
±674.53 ±44.12 


1,799.82 140.24 

±711.90 ±40.08 


0.98 1.08 
±0.06 ±0.08 

1,422.55 111.48 
±520.12 ±31.50 
2,050.35 153.23 

±726.15 ±42.76 
0.69 0.72 

±0.02 ±0.02 

1,697.85 114.90 
±398.78 ±26.70 
2,396.44 169.08 
±541.95 ±35.12 

0.70 0.68 

±0.02 ±0.06 

values have been corrected for baro
metric pressure and temperature 
saturation (BPTS). Each series of 
measurements lasted abou t 15 min
utes. The children rested for 15 
minutes before each test. Measure
ments were taken while the patients 
were sitting. The most. uniform 
reading of the three attempts was 
accepted for each test. For the 
groups undergoing treatment, the 
first measuremen t was performed 
on the first day of the treatment 
(Table 2). 

Statistical analysis was done 
using Barlett's multiple test and 
analysis of variance (AN OVA) using 
an orthogonal factorial designS 
with patient groups and the period 
of measurement as main variables. 

RESULTS 

Differences in the age of the chil
dren could be expected to account 
for differences in height which 
would affect pulmonary function 
parameters. A base-line analysis of 
age among the three groups of sub
jects (shown in Table I) reveals no 
significant differences with regard to 
age statistics (Barlett's multiple t
test ; p > 0.30). 

Table 3 gives the results for FVC, 
FEV 1.0 and MMEFR respectively 
for the three groups. Analysis of 
variance (Tables 4-7) shows signifi
cant differences among the three 
groups, for all pulmo- parameters 
(p< O.OO I), but no significant dif
ferences with regard to time periods 
(p =0.805, 0.489 and 0.607 respec
tively). Al though the effect of the 
grou p-time interaction is con trol
led, the difference in FVC, FEV 1 . 0 

and MMEFR among groups is signi
ficant (p< O.OO I). 

Tables 7 to 9 show ANOV A data 
for FVC, FEV 1.0 and MMEFR for 
the treated and non-treated 
abnormal groups. Only the FVC 
parameter shows a significant d if
ference between the two groups 
(p = 0.009). 

DISCUSSION 

The importance of early diagno
sis of airway obstruction in asthma 
is not yet clear. So far , further in
formation is required about its na
tural history and whether it may be 
possible to use early detection and 
management to prevent the deve
lopment of more severe chronic air
way obstruction in the future , 
Several authors have studied with 
variable resultsl

,2 asthma tic children 

http:2,396.44
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Table 3 Mean (x) and standard deviation (sd) of puimo-parameter (FVC, FEV 1.0 and during symptom-free periods. Most 
MMEFR) of the three groups of asthmatic children expressed as the ratio of of the studies showed that the 
actual value to the predicted value on the basis of height majority of asthmatic children may 

show some slight abnormalities, 
particularly in their airway reFVC 
sistance, thus indicating a minimal 

Test period * and subclinical airway obstruction.Group 
234 5 6 In our study, we found abnormali

ties of pUlmonary function in 16 
out of 24 symptom-free children. Actual/Predicted 0.9245 0.9461 0.8720 0.9047 0.9249 0.8776 
This finding is in accordance with 

sd 0.724 0.0857 0.0863 0.0937 	 0 .0772 0.0824 that reported by McFadden et aF 
II who carried ou t their investigation ....' among American children. Actual/Predicted X 0.7622 0.8230 0.8034 0.8038 0.7757 0.7440 

Our study further revealed that
sd 0.1178 0.1538 0.1033 0.1024 	 0.1408 0.1520 

although asthmatic symptoms in 
III children may disappear for a period 

Actual/Predicted 0 .8171 0.8430 0.8365 0.8918 0.8520 0.8908 of time, airway obstruction may re
main. In the past, such airwaysd 0.1137 0.1089 0.1264 0.1120 0.1523 0.1333 
blockage wcis not recognised be
cause most tests for pulmonary 
functions were performed using 
conventional measurements such as 
peak flow rate and force expiratoryTest period* 

Group volume in the first second. Tables 8
234 5 6 

and 9 of our study substantiate 
this opinion. These tests primarily 

~' IActual/Predicted 1.0375 1.0811 0.9599 0.9943 0.9868 0.8943 	 reflect changes in the large airway, 8 


but they are not sensitive enough to
sd 0.0730 0.1610 0.0628 0.1044 	 0.0878 0.1164 
detect abnormalities in the small 

II 	 al9airways.8 Woolcock et and 
Actual/Predicted X 0.8114 0.8392 0.8146 0.8029 0.7819 0.7421 Heckscher et al10 have shown that 

sd 0.1254 0.1143 0.0970 0.0998 0.1287 0.1436 abnormalities of the small airways 
cause increased residual volume,

III mismatching of ventilation and per

Actual/Predicted 0.7530 0.8091 0.7908 0.8222 0.8006 0.8754 fusion, and abnormal frequency de


sd 0.1436 0.1232 0.1676 0.1465 0.1944 0.1247 pendence of dynamic compliance. 

It is these silent changes in the peri

phery of the lung that permit 

abnormalities of gas exchange and 
MMEFR 
lung mechanics to continue into the 

Test period* symptom-free period. 7 ,11,12 Unless
Group 

234 5 6 	 sophisticated measures of the dyna
mics of small airways are made, the 
finding of FEV1.0 or peak flow rate 

Actua!/Pred icted 0.9245 0.9461 0.8720 0.9047 0.9249 0.8776 may encourage a false sense of secu
sd 0.0724 0.0857 0.0863 0.0937 0.0772 0.0824 rity, i.e., that small as well as large 

airways may have returned to norII 
ma1. 9 , 13 


Actual/Predicted 0.7622 0.8230 0.8034 0.8038 0.7757 0.7440 

The residual abnormalities may

sd 0.1178 0.1538 0.1033 0.1024 	 0.1408 0.1520 cause no symptoms at rest, but be
III cause of their persistence, they may 

predispose patients to future at Actual/Pred icted 0.8171 0.8430 0.8365 0.8918 0.8520 0.8908 

tacks.I4-16 This finding leads us to
sd 0.1137 0.l089 0.1264 0.1120 	 0.15230.1333 
conclude that an oral bronchodila

*At 6-8 weeks interval. Period 1 =the day the treatment was started, eight weeks after the initial tor should be given to symptom

measurements. free patients who have an abnormal 
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Table 4 Analysis of variance for forced vital capacity (FVC) among the three groups pulmonary function test Goldstein 

Source of variation SS df MS F p-value 

Among groups 0 .365 2 0.183 13.841 0.001 
Among times 0.030 5 0 .006 0.461 0.805 
Interaction 0.076 10 0.008 0.573 0.834 

(groups vs. times) 

Residual (error) 1.662 126 0.013 

Total 2.133 143 0.Dl5 

Table 5 Analysis of variance for FEV 1.0 among the three groups 

Source of variation SS df MS F p-value 

Among groups 1.142 2 0.571 30.330 0.001 

Among times 0.072 5 0.014 0 .891 0.489 

Interaction 0.202 10 0.020 l.251 0 .266 

(groups vs. times) 

Residual (error) 2.037 126 0.016 

Total 3.453 143 0.024 

Table 6 Analysis of variance for MMEFR among the three groups 

Source of variation SS df MS F p-value 

Among groups 3.553 2 1.776 28 .524 0.001 

Among times 0.225 5 0.045 0 .723 0 .607 

Interaction 0.790 10 0.079 1.269 0 .255 

(groups vs. times) 

Residual (error) 7.847 126 0.062 

Total 12.356 143 0.086 

Table 7 Analysis of variance for FVC between the treated (Group III) and non-treat
ed (Group II) abnormal groups 

Source of variation SS df MS F p-value 

ditions such as asthma , for which 
they may give the only objective 
guide to the progress of the disease 
and the efficacy of treatment. 
These pulmonary function tests 
should be incorporated in the diag
nosis and treatment of many types 
of respiratory illnesses . Asthmatic 
children sl;ould be checked regular
ly by their physicians, and they and 
their parents should be given gui
dance on the treatment of symp
toms . They should be instnlcted 
in preventive measures and the pro
motion of health, i.e. breathing ex
ercises, chest rehabilitation, etc . 

Between groups 0.117 0.117 7.169 0.009 

Between times 0.031 5 0.006 0.374 0.865 

Interaction 0.041 5 0 .008 0.507 0.770 

(groups vs. times) 

.!'l 
Residual (error) 1.371 84 0.016 

Total 1.560 95 0.016 

et a[3 recommended the regular use 
of inhaled sympathomimetics and 
an oral theophylline preparation for 
those symptom-free patients whose 
history suggests that they are sus
ceptible to acute exacerbation. 
Such patients commonly ex
perienced an improved sense of 
well-being, increased exercise tole
rance and a decrease in the fre
quency and severity of their acute 
episodes. Significant improvement 
of pulmonary function could be de
monstrated in these patients after 
bronchodilator therapy judging by 
the improvement of the forced vital 
capacity ,I7 which probably reflect
ed the relief of peripheral airway 
obstnlction and could be detected 
in the lower range of vital capaci
ty . IS 

The pu lmonary function tests 
which have been used in this study 
may not give a complete picture of 
lung function, but they do give a 
reasonable guide to the state of air 
movement. Most pulmonary dis
eases in childhood alter this aspect 
of respiration , so in practice these 
rela tively sim pie bedside tests have 
been found to be valuable .16 This is 
particularly tnle for long-term con

Thus , early detection of airway 
obstnlction , although by simple but 
efficient pulmonary function tests, 
will no doubt provide advance 
warning which is helpful in pre
venting the development of more 
severe chronic airway obstruction 
in the future . 

http:valuable.16
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Table 8 Analysis of variance for FEV 1.0 between the treated and non-treated abnor 6. Polgar G, Promadhat V. Pulmonary func

ma~groups tion testing in children. Techniques and 
standard. Philadelphia: W.B. Saunders 
1973:255-6. 

Source of variation SS df MS F p-value 7. McFadden ER., Kiser R, DeGroot W]. 
Acute bronchial asthma: relations between 

Among grou ps 0.002 0.002 0.124 0.726 clinical and physiologic manifestations. 

Among times 0.Q18 5 0.004 0.195 0.963 New EnglJ Med 1973;288:221·5. 

Interaction 0.901 5 0.018 0.977 0.437 8. Colp CR. Interpretation of pulmonary 
function tests. (Editorials). Chest 1979; 

(groups vs. times) 76:377-8. 

Residual (error) 1.568 84 0.019 9. Woolcock AJ, Vincent N], Macklem PT. 
Frequency dependence of compliance as a 

Total 1.680 95 0.018 test for obstruction in the small airways.] 
Clin Invest 1969;48:1097·106. 

10. Heckscher T, Bass H, Oriol A, Rose B, f , 
Anthonisen NR., Bates DV. Regionallung 

Table 9 Analysis of variance for MMEFR between the treated and non-treated abnor
mal groups 

II. 

function in patients with bronchial 
asthma.] Clin Invest 1968; 47: 1063-70. 
Cade] F, Pain MCF. Pulmonary function 
during clinical remission of asthma. How 

Source of variation SS df MS F p-value reversible is asthma? Aus N]] Med 1973; 3: 
545-51. 

Among grou ps 0.029 0.029 0.482 0.489 12. Kerrebyn KF, Fioole AC, Bentveld ROW. 

Among times 0.110 5 0.022 0.363 0.873 
Lung function in asthmatic children after 
a year or more without symptoms or treat

In teraction 0.692 5 0.138 1.219 0.054 ment. Brit Med] 1978; 1:886-8. 

(groups vs. times) 

Residual (error) 5.101 84 0.061 

13. Macklem PT, Mead]. Resistance of central 
and peripheral airways measured by a re
trograde catheter. ] Appl Physiol 1967;" 

Total 5.915 95 0.062 14. 
22:395-401. 
Rees HA, Millar ]S, Donald KW. A study 
of the clinical course and arterial blood gas 
tensions of patients in status asthmaticus. 

ACKNOWLEDGEMENT 2. Orz ale si MM, Cook CH, Hart MC, Pulmo 15. 
Quart] Med 1968; 148: 541-61. 
McNeiU RS, Nairn ]R, Millar ]S, Ingram 

The authors wish to thank Mr. 
nary function in symptom· free asthmatic 
patients. Acta Paediat 1964; 53: 40 1·7. 

CB. Excrecised-induced asthma. Quart] 
Med 1966; 137:55-67. 

Jesdha Ki ttikool of the Research 3. Goldstein RS, Slutsky AS, Rebuck AS. 16. Brewis RAL. Practical pulmonary func-" 

Centre, Ramathibodi Hospital, for 
helping with some statistical analy
ses. 

Severe asthma: prevention is better than 
cure. Pract Therapeutics 1978; 16:256
67. 

4. Dugdale AE, Mocri M. Normal values of 

17. 
tion tests. Practitioner 1977; 219:681-91. 
Souhrada ]F, Buckley ]M. Pulmonary 
function testing in asthmatic children. 
Pediat Clin N Amer 1976; 23:249-78. 

forced vital capacity (FVe), forced ex 18. Cochi-ane GM, Benatar S R, Davis], Collins 

REFERENCES piratory volume (FEV t •o ), and peak ]V, Clark T]H. Correlation between tests 
flow rate (P FR) in children. Arch Dis of small airway function. Thorax 1974; 

1. Beale HD, Fowler WS, Comroe ]H. Pul Childh 1968; 43:229-34. 28: 172·8. 
monary function studies in 20 asthmatic 5. Dixon W], Massey F]. Introduction to 
patients in the symptom-free interval. ] statistical analysis. 3rd Ed. New York: 
Allergy 1952; 23: 1-10. McGraw-Hill 1969 :283-321. 

f 



, 
i(11 

Isolation and Characterisation of C 1 q 
from Human Serum * 

I ~ 

Renu Bansal, Ph.D. 
Anand N. Malaviya, M.D. 

Human CI q is an unusual protein 
consisting of six triplet-stranded 
su b-units, each wi th a globular head 
that binds immunoglobulin and a 
collagen-like fibrillar tail that reacts 
with CI rand CI S.I It is of consider
able interest because of its biological 
importance in initiating complement 
activation, the physical characteri
sation of CI q, its interaction with 
CI rand CI s and with immunoglo
bulin. Also, CI q has been used for 
the detection of circulating immune 
complexes in a wide variety of dis
eases2

,3 because it has the advan tage 
of being a natural recognition pro
tein for immune complexes by the 
classical complement system . For 
such studies, highly purified and 
biologically active CI q is an essen
tial prerequisite . 

Various methods of CI q isola
tion and purification utilise one or 
more of its chemical or biological 
properties. These include its mini
mal solu bility in low ionic strength 
buffer,4,S reversible binding to heat
aggregated IgG,6,8 precipitation with 
DNA7 and reversible binding to so
lid phase human gammaglobulin 
with gel permeation and/or ion ex
change chromatography. 8-12 In 
thjs communication, a rapid repro
ducible affinity column chromato
graphy procedure for isolation of 
highly purified C I q is described. 

MATERIALS AND METHODS 

Serum: Human volunteers were 
bled; clotting proceeded at 3TC for 
two to three hours. The serum was 
obtained by wringing the clot and 
by centrifugation. 

Reagents: Cyanogen bromide 
(CNBr)-activated Sepharose-4B and 
concanavalin-A were procu-red from 
Pharmacia Fine Chemicals, Uppsa
la, Sweden and Nobel Agar from 
Difco Laboratories, Detroit, MI, 
U.S.A. Acrylamide, N, NI methylene 
bis-acrylamide, Coomassie brilliant 
blue, sodium dodecyl SUlphate 
(SDS), dithiothreitol (DTT), iodoa
cetamide, ethylene diamine tetra
acetic acid (EDTA), and methyl-D

SUMMARY The subcomponent CI q, the first component of complement, was 
purified to homogeneity from human serum by affinity chromatJography. The 
serum was euglobulin·precipitated at an alkaline pH; the reconstituted precipi· 
tate was chromatographed in rabbit anti-human C I q covalently coupled to cya
nogen-bromide-activated Sepharose-4B and also to Sepharose rabbit anti-normal 
human serum (C I q depleted), CI q was eluted by 1 M NaCI in the former while 
the flow-through of the latter was CI q which was rechromatographed on a goat 
anti-human IgG Sepharose4B column for removal of contaminating IgG. 

Final yields of CI q ranged from 40 per cent to 70 per cent with a 420-to 490
fold purification of protein based on recovery of haemolytic activity. These 
preparations were free of contaminating serum proteins as judged by PAG E, 
SDS-PAG E and immu no-chemical criteria. However, the final CI q preparation 
might have been contaminated with undetected C I q inhibitor. 

ASIAN PACIFIC J ALLERG IMMUN 1984; 2: 217-221. 

glucopyranoside (MGP) were pur
chased from Sigma Chemicals, St. 
Louis, MO, U.S.A. Ammonium per
sulphate and N,N,N,N-tetramethy
lene diamine (TEMED) were pur
chased from Eastman, Rochester, 
N. Y., U.S.A. Antisera to IgG, IgM 
and IgA were produced locally and 
anti-C I q was obtained from Cappel 
Laboratories, Malvern, PA, U.S.A. 

*From the Clinical Immunology Laboratory, 
Department of Medicine, All-India Institute of 
Medical Sciences, Ansari Nagar, New Delhi
110029, India. 
This work was supported by grant No. HCS/ 
DST/679/79 from the Department of Science 
and Technology, Government of India. 
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Immunoadsorbents 

Rabbit anti-human C1 q RAH 
C1q) was coupled to Sepharose-4B, 
6g of CNBr-activated Sepharose-4B 
was washed in a Buchner funnel with 
2 litres of I mM HCI followed by 
250 ml of coupling buffer (carbona
te-bicarbonate buffer, pH 8 .9) . Mo
nospecific anti C 1 q [2 ml (14.2 mg/ 
ml)] was added and stirred gently 
for two hours at 3TC and subse
quently washed with 0.1 M glycine
HCI, pH 2.5, followed by 0 .01 M 
of phosphate buffered saline (PBS, 
pH 7.5). A protein determination 
was done on the filtrate and the 
amount of protein coupled was cal
culated to be 11-13 mg/ml Sepha
rose 4B. 

Human IgG was purified by pre
cipitation from sera with a 50 
per cent final concentration of the 
ammonium sulfate and d ialysed 
against PBS. The dialysate was cen
trifuged and applied to a DEAE 
cellulose column (2x20 cm) pre
equillibrated in PBS. Elution was 
carried ou t by increasing the salt 
concentration (0.005~ . 2 M). Frac
tions containing IgG were pooled, 
concentrated and dialysed. Human 
IgG (HlgG) was coupled to CNBr
activated Sepharose-4B as described 
above and the amount of protein 
coupled was calculated to be 15-20 
mg IgG/ml of Sepharose-4B. Fresh, 
pooled, normal human serum was 
made 10 mM in EDTA and applied 
to the HlgG Sepharose-4B column. 
The flow-through fractions were 
pooled and employed as C1 q-de
pleted (C 1 qD) normal human 
serum (NHS). 

Goat anti-human IgG (GAH IgG) 
and rabbit anti-NHS (C1q-depleted) 
(RANHS) were prepared by im
munising subjects with five subcuta
neous injections of pure IgG and 
NHS (300-400 /1g each) emulsified 
in complete Freund's adjuvant at 
weekly intervals. Two booster 
doses in incomplete Freund's adju
vant were given thereafter. Serum 
was obtained one week after the 
final injection and precipitated with 
33% cold saturated ammonium 

sulphate at 4°C. After equillibrating 
the mixture for 30 minutes, the 
precipitate was collected by centri
fugation (4,000 rpm, 10 min.), dis
solved in PBS, exhaustively dialysed 
against PBS and coupled to CNBr
activated Sepharose-4B as described 
above . 

The concanavalin A (Con A) 
Sepharose-4B column was equilli
bra ted wi th 0.0 I M veronal bu ffer, 
pH 8.0, containing 0.5 M NaCl, I 
mM CaCI 2 , I mM MnCI 2 and I mM 
MgCl2 (Con A buffer). Purified pro
tein was applied and the column 
run at 22°C with a flow rate of 5 
ml/hr ; I ml fractions were collect
ed . After the first peak , the solu
tion was made a t 10 per cent 
strength with a Ipha-methyl-D-glu
copyranoside and bound protein' 
was eluted . 

Isolation procedure 

Serum was titrated to pH 8.7
8 .9 , made 5 mM with EDTA and 
dialysed against 10 mM ethylene 
diamine-HCI, pH 8.8, for 20 hours 
in a ratio of 20 : I (buffer/serum). 
The mildly tubid solution was 
centrifuged at 4 ,000 g for 40 min
utes to obtain C 1 q-rich euglobulin 
precipitate and dissolved in 0.5 M 
NaCl containing 0.002 M EDTA, 
pH 7.4. Delipidification was carried 
out by centrifuging at 30,000 g for 
90 minutes. 

The RAHC 1q and RANHS 
columns were washed prior to use 
with 0.1 M glycine-HCI, pH 2.5, 
followed by coupling buffer and 
finally with PBS containing 0.0 I M 
EDTA. Euglobulin precipitate was 
applied and the column kept at 4°C 
overnight. RAHC 1 q was washed 
with 0.15 M NaCl buffer at a flow 
rate of 40 ml/hr until the absorbance 
at 280 nm of t he flow-through 
material was less than 0.01. Elu
tion of bound C1q was carried out 
with I M NaCI in PBS containing 
0.05 M EDTA (pH 7.5); fractions 
were concentrated and dialysed 
against PBS. 

From the RAHNS column, the 
C 1 q was in flow-through fractions, 
the bound material was eluted with 

BANSAL AND MALAVIYA 

40% ethylene glycol. Fractions 
containing C 1 q were rechromato
graphed on an RAH IgG Sepharose 
column to get rid of contaminating 
IgG. The RAH IgG column was 
prewashed with 0.0 I M PBS con
taining 1.0 M NaCl, 0.05 M EDTA 
(pH 7.5). 

Characterisation of C1q 

Immunoelectrophroesis (lEP) 
was carried out as described by Wil
liams 13 using 1.5% agar in barbital 
buffer, pH 8 .6 . Electrophoresis was 

( 

performed for six hours under a 
constant current of 5-10 rnA per 
immunoframe. IgG, IgA and IgM 
were characterised in various frac
tions by Ouchterlony double diffu
sion 14 and quantified by radial im
muno diffusion 1s in 1.5% agarose 
containing 0.0 I M P04 , 1.0 M NaCI 
(pH 7.5) and specific antibody. C1 q 
was detected by rocket immuno
electrophoresis as described by 
Laurell l6 and concentration was 
determined spectrophotometrical
lyl7 using E280 I % of 0.682. Pro

t 

tein concentration was determined 
by Folin phenol reagent l8 using 
bovine serum albumin standard. 

C1 q haemolytic assay 

The haemolytic activity of C1q 
was assayed according to Kolb 
et al: 8 20/11 of appropriate dilution 
of the sample were added to a mix
ture containing 300 /11 of GVB 
(isotonic veronal buffered saline 
containing 0.15 M CaCI 2 , 0 .5 mM 
MgCI2 and 0.1 % gelatin), 40 pi of 
C1q-depleted serum (20 pi of I M 
CaCI 2 and I M MgCI 2 stock ml 
C1qD) and 200/11 of EA (5x107/ 
ml). The tubes were incubated at 
3TC for 45 minutes at which time 
I ml of ice-cold GVB was added. 
After centrifugation, the 00 of the 
supernatant at 412 nm was deter
mined . The effective molecules 
were calculated according to Borsos 
and coworkers l9 

Polyacrylamide gel electrophoresis 

PAGE was conducted using 7.5% 
gel in 0.1 M tris glycine buffer as • 
described by Davis.20 SDS-PAGE 

J 
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Table 1. Purification ofC1q from human serum. 

Total Total Sp. activity Purification Sp. activity Pu rifica tion 
Fraction protein activity units/mg Yield (fold) Clq mg Cl qfmg (fold) 

units* protein protein 

Normal human serum 1,448 24,504 16.9 100.00 .5568 .0004 

Euglobulin ppt 7.6 18,044 2,374 .2 73.60 140 .5136 .0676 169 

RAB C I q column 0.031 16,935 8,338.2 69 .10 492 .3867 .1904 476 

RANBS column 2 .025 14,657 7,238.0 41.00 427 .3395 .1677 419 

*One unit 0 f activity is defined as 1 x 108 effective molecules. 
+CI qdetermined spectropho tom etrically using E~ o f 0.682 . 

was conducted according to Weber 
and Osborn.21 For electrophoresis 
under non-reducing conditions, 
iodoacetamide (0.05 M) was added 
while reduced conditions were 
achieved by the addition of dithio
threclol (10 mM) wi thou t iodoaceta
mide. After electrophoresis, the gels 
were fixed in 10% TCA for half an 
hour and stained with 0 .25% 
Coomassie brilliant blue in metha
nol, acetic acid and wa ter (10: I : 9 
v/v) for 20 hours and destained by 
7.5% acetic acid containing 5% 
methanol. 

RESULTS 

Table I shows C l q recovery and 
the purification factor at different 
steps. Euglobulin precipitation by 
5 mM ethylenediamine, pH 8.8 
after titrating the sera containing 
5 mM EDTA to pH 8.7 to 8.9, re
sulted in a 140-fold increase in 
specific activity with 74 per cent 
recovery of C l q. Under these con
ditions, immunoglobulin contami
nates (Table 2) which were away 
from their isoelectric point (IpH) 
at . this pH remained soluble, 
whereas C1q which was close to its 
IpH was precipitated from the sera. 

Chromatography of euglobulin 
material on the RAHC l q column 
(Fig. I) and RAHNS column (Fig. 2) 
resulted in a highly enriched pre
paration of C1 q with a 492- and 
427-fold purification of protein 
along wi th a total recovery of 69 per 
cent and 41 per cent respectively 
from the two columns (Table I) . 
The recovery 0 f C 1 q from the 

Table 2 Characterisation of other immunoglobulins during purification. 

Procedure IgG IgA 19B Cl q* 

NBS +++ + ++ + 

RAH C I q column flow-through + + ± 

RAH C I q column eluant +++ 

RAH NS column flow-through + ± +++ 

RAH NS colUfTill eluant ++ + ± 

*C 1q assayed by rocket immunoelectrophoresis. 

RAHNS column was very poor 
which may have been due to the 
presence of trace amounts of anti
C l q which we were unable to 
detect otherwise in our anti-NHS. 

P AGE analysis 0 f the pooled 
fractions containing C l q gave a 
single band (Fig . 3b) in the case of 
the RAHC l q column while two 
bands (Fig. 3C) were seen when 
eluted from the RAHNS column 
due to the contaminating IgG 
(Table 2), elimination of the IgG 
from the C l q preparation was effi
ciently accomplished on the GAH 
IgG column at 1.0 M NaCl (Fig. 4). 
PAGE of the eluted protein gave 
only one band corresponding to 
IgG (Fig. 3d). In high salt con
centrations, C l q is unable to bind 
to solid-phase GAHlgG, whereas 
the antibody activity for human 
IgG is not affected . Thus, C l q 
passes in the Oow-throughs whereas 
contaminating human IgG is re
tained. 

Similarly , we have used I M NaCl 
for SRID or rocket IEP, since C l q 
precipitates with preformed 
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Fig. 1 Rabbit anti-human C lq Sepharose
4B affinity colwnn chromatography. 
Flow rate was 20 ml/h & 1 ml fractions 
were collected. The arrow indicates elu
tion with 1 M NaCI in om M phosphate 
buffer containing 0.05 M EDTA, pH 
7.5. Fractions were assayed for protein 
and C I q haemolytic activity. 

immune complexes or heat-aggre
gated IgG7 and antibodies disso
ciated in semi-solid agar at 56·C, 
may cause heat aggregation giving 
false positive results due to C1q 
precipitation. 
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Fig. 2 Rabbit anti-normal human serum Fig. 4 Rabbit anti-human IgG Sepharose- Fig. 6 Con A Sepharose-4B colunm was 

(C I q depleted) Sepharose-4B colunm 4B chromatography of flow-through of equilibrated with Con-A buffer; flow 

chromatography. The colunm was pre the RAHNS column. The a~row indi rate was 5 ml/hr with 1 ml fractions col

equilibrated with 1 M NaCI in 0.01 M cates the start of 40% ethylene glycol. lected. Increase in absorbant at 280 nm 

phosphate buffer containing EDTA The eluted peak was demonstrated to js due to presence of aMGP in the elu

(0 .01 M). Bound protein was eluted be IgG. tion buffer. 


with (arrow) 40% ethylene glycol. The 

flow-through material contained a small 

amount of IgG. 
 though no functional test was per

formed to determine the presence 
of other complement components.a b 
These results suggest no contami

d nation since no 0 ther band was- detected on PAGE even at a high 
level of loading. The yield of C1 q 
was approximately 14-20 mg from 
1 litre of serum. 

This preparation was' then ap
plied to a Con A Sepharose column 
(Fig. 6) as described by Kolb, Kolb 
and Padack,8 but no separation was 
achieved and we could not detect 
any inhibitor in the flow-through 
fractions. 

DISCUSSION 

Since C 1 q has minimal solubility 
in low ionic strength buffers and 

Fig. 3 Polyacrylamide gel electrophoresis Fig. 5 SOS-Polyacrylarnide gel electro since EDT A dissociates the C 1 

of (a) euglobulin precipitate (b) rabbit phoresis . Electrophoresis of purified 
 macromolecule into its consti 

anti-human C lq Sepharose-4B eluate, (c) C 1 q was performed on 9% acrylarnide 
 tuents, this property has been u ti
rabbit anti-human normal serum flow gel under (a) non-reducing and (b) re lised by many workers to prepare
through and (d) eluted peak of rabbit ducing (OTT) conditions. euglobulin precipitate4 ,s but this 

anti-human IgG Sepharose-4B column. 
 results in considerable immunoglo

bulin contamination. The prepara
tion of euglobulin at an alkaline pH 

Ouchterlony analysis of the C1 q by anti-human C 1 q . No IgG or IgM after titrating 5 mM EDTA serum 
preparation revealed a heavy preci was detected. SDS-P AGE analysis to pH 8.7-8.9 resulted in complete 
pitation line with anti-C 1 q , but no (Fig. 5) under non-reducing condi C1 q precipitation, whereas immu
precipitation line was evident when tions produced two bands (Fig. Sa) noglobulin contamination, which is 
tested against anti-IgM, IgA, IgG or while three bands we re 0 bserved away from IpHs under these con
NHS. IEP analysis showed one line (Fig. 5b) upon reduction with DTT. ditions, remains soluble. Also, for c 
with anti-NHS which was immuno The C1 q preparation at this step euglobulin prepared at this pH, 
logically identical to that produced was practically homogeneous al- lipid contamination is almost nil. 
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Pohl and coworkers ll have re
ported a 505-fold purification with 
52 per cent yield ofC1q from human 
plasma, whereas Kolb et alB have re
ported a 833-fold purification of 
protein with only a 40 per cent yield 
by a method involving Sepharose 
human IgG and Biogel A-5 M. In the 
present report, yields of 41-69 per 
cent of the C1q present in serum 
were obtained with a 420-490-fold 
purification factor. These values are 
similar to those obtained by Angello 
and coworkers7 and somewhat 
lower th~n those reported by Ten
ner and coworkers. 12 

In addition to high yields of 
active C1q, the present method is 
comparatively simple and rapid .. Af
finity chromatography on Sepharose 
RAHC1q or Sepharose RAHNS 
(C1qD) followed by Sepharose 
GAH IgG column yielded homo
geneous C1q . However, the yields of 
C1q were much better on Sepharose 
RAH C1q so it may be concluded 
that this matrix can be efficiently 
used for larger yields of pure C1q. 
Neither IgM nor IgG, frequent con
taminants of C1q preparations, was 
detectable in the final preparation 
by immunochemical analysis or by 
PAGE. However, considerable 
loss of C1q occurred during the 
concentration qf various fractions, 
in part due to the fonnation of 
irreversible insoluble aggregates. 

Conradie et aP2 have described a 
proteoglycan inhibitor in human 
serum. Silvestri et aP3 have charac
terised it as a na turally occurring 
chondroitin SUlphate proteoglycan 
inhibitor (MW 800,000 to several 
million) which can fonn complexes 
with C1q in human serum and 
which can co-precipitate with C1q 

during purification procedures. 
Kolb et alB have separated this in
hibitor from C q by the Con A affi
nity column in the presence of 0.65 
M NaC!. We failed to achieve this 
separation even in the presence of 
I M NaC 1. This can be explained on 
the basis that C1q, also being a pro
teoglycan, will bind to a Con A bed 
along with an inhibitor and that it 
co-elutes along with C1q inhibitor 
by 10 per cent MGP . 
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Immunochemical Characterisation of 
Cryoglobulins * 
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Anand N. Malaviya, M.D. 


While cryoglobulinaemia is occa
sionally seen as a primary or idio
pathic disease, it is most often asso
ciated with monoclonal gammopa
thies, Raynaud's phenomenon and 
purpura . l Recently , it has become 
apparent that a small amount of 
cryoglobulin can also occur in other 
diseases, most often associated with 
collagen diseases, glomerulonephri
tides and generalised vascu Ii tides?-S 

Cryoglobulins appear to fall "
within the two general categories. 
In one group, usually two immu
noglobulin classes are present, one 
acting as the antibody directed 
against the other which acts as the 
antigen. 6 The other type of cryo Isolation of cryoprotein under these conditions unless other
globulin includes those which usual The cryoproteins were isolated wise stated. 
ly have no antibody activity but ex from the serum obtained by allow

Separation of' cryoprotein compohibit increased inter-molecular at ing blood to clot at 3TC for 1-2 
'nents

traction at low temperatures. A hours . Serum was kept at 4°C and 
single homogenous immunoglobulin observed for up to 10 days for the The reconstituted cryoglobulin 
component is found in this catego appearance of chalky precipitate or was fractionated on Biogel A-I.S M 

~ry.7,8 gellification. If cryoproteins were column (Biorad , Richmond, Cal., •.. 

In this report, we present the observed, the serum was centrifug U.S.A.) (lSx2 .S cm) prequilibrated 

data on the analysis of four cryo ed at 4,000 rpm at 4°C for 30 min with 0.1 M sodium acetate buffer, 

proteins. utes and the cryoprecipitate was pH 4.0 . Fractions were monitored 


washed twice with cold 0 . 1 M phos spectrophotometrically at 280 nm, 

phate buffered saline (PBS) at 4°C. elution peaks were pooled , con
MATERIALS AND METHODS 
In each case, the cryoprecipitate centrated , dialysed against PBS and 

In a routine screening for the could not be solubilised in neutral analysed immunochemically for 
cryoproteins in patients with clini or slightly alkaline buffer (pH 7.0 
cal features of cryoproteinaemia, to 8.0 at room temperature). How

*From the Clinical Immunology Services, De·four cryoproteins were obtained in ever, it could be solubilised in 0.1 
partment of Me dicine, AlI·India Institute of Me·significant amounts enabling detail  M sodium acetate buffer, pH 4.0 
dical Sc iences, New Delhi-ll 029, India.ed analysis. For convenience they at room temperature. The experi This work was supported by grant No. HCSj

were labelled cryo-I , cryo-2, cryo-3 ments with a native cryoprotein DSTj679j79 from the Department 0/ Science 
and cryo-4 . solution were, therefore , conducted and Technology, Government o/Indio.. 

SUMMARY An immunochemical characterisation of four cryoproteins is pre
sented. Two of them were typical "mixed" cryoglobulins with two protein 
peaks on gel filtration at low pH values, the first peak was monoclonal IgM 
kappa in one and monoclonal kappa IgA in the other. The other two cryopro
teins were unusal. One of them showed only one protein peak on gel filtration; 
it was monoclonallgG kappa. The other cryoprotein showed the first peak of 
aggregated gammaglobulins and the second peak of gamma heavy chains devoid 
of light chain activity. Functional analysis revealed rheumatoid factor activity in 
three of the cryoproteins and antinuclear antibody in one of them. It is con
cluded that all four of the cryoproteins were "mixed" in nature but that two of 
them were unusual in nature. 

ASIAN PACIFIC J ALLERG IMMUN 1984; 2 : 222·226 . 
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precipitation with isolated IgG and 
for rheumatoid factor and anti
nuclear antibody activity. 

Immunological characterisation 

Immu noelectrophoresis was car
ried out using 1.5% Noble agar (Dif
co, Detroit, Mich, U.S.A.) in 0.05 M 
verona I buffer (pH 8.6) and a field 
strength of approximately 2 rnA per 
slide. Light chain activity was 
screened by Ouchterlony's double 
diffusion in 1.5% agarose in veronal 
buffer as above. Heavy chain speci
fic rabbit anti-human IgG, IgA and 
IgM and human anti-kappa and anti
lambda light chain antisera were 
obtained from Cappel Lab, West 
Chester, Pens, U.S.A. Anti-whole 
human serum was prepared in our 
laboratory. 

Anti-nuclear antibody (ANAB) 
was screened in the whole serum 
and isolated cryo-components 
by standard immunofluorescence 
technique. 9 Rheumatoid factor was 

/1 	 detected by passive agglutination of 
latex particles sensitised with 
human IgG.1O The test was carried 
out both at 3TC and 4°C with 
whole serum and isola ted cryo-com
ponents. 

The effect of cross-mixing of 
cryo-components with normal im
munolobulin was studied by mixing 
equal amounts (20 ,ul each) of the 
isolated fractions with IgG purified 
on the DEAE cellulose column (2x 
20cm) pre-equilibrated in PBS and 
eluted by increasing the salt con-

I~ 	 centration (0.005 x 0.2 M). The re
sulting precipitate was assessed 
visually and tested for its cryo-pre
cipitability by warming to 3TC. 
The protein content of cryoprotein 
was estimated quantitatively by us
ing Folin phenol reagent. ll Immune 
complexes were detected by the 
C I q radiolabelled binding assay 
test. 12 Polyacrylamide gel elec
trophoresis (PAGE) was conduct
ed using 7.5% gel in 0 .1 M tris
glycine buffer.13 The gels were 
stained with 0.25% Coomasie BriJ

,." 	 liant Blue in methanol: acetic acid: 
water [5:1:5 (v/v)] and destained 
with 7% acetic acid. 

RESULTS 

The gel filtration analysis(Fig. 1) 
of the four cryoproteins revealed 
two protein peaks in cryo-l, cryo-2 
and cryo-4 but only one peak in 
cryo-3. Immunochemically, the 
first protein peak in cryo-l and 
cryo-2 was the kappa type mono
clonal IgM and IgA, respectively; 
the second peak was polyclonal IgG 
in both cases (Fig. 3). The elution 
profile of cryo-4 was rather peculiar 
(Fig. 2). A small peak in void 
volume was probably the undisso
ciated cryoprotein complex which 
preceded the second peak. The 
second peak was devoid of any ligh t 
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Fig. 1 Elution pattern (Biogel A-1.5 M) 
of a reprasentative isolated cryoglobu
lin. Elution buffer was sodium acetate 
(0.1 M), pH 4.1 with a fraction volume 
of 3 m!. 
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Fig. 2 Elution profile of cryoprecipitate 
of cryo-4. (Note small peak in void vo
lume). 

chains but showed a gamma heavy 
chain and a trace of alpha heavy 
chain which were demonstrable by 
dou ble diffusion in agar with speci
fic antisera (Fig. 3). The first peak 
showed the presence of immune 
complexes and was equivalent to 
4.97 mg of aggregated human 
gamma globulin as detected by 
Clq binding assay. Figure 4 shows 
a characteristic cryoglobulin elec
trophoresed on PAGE. The cryo
precipitate (Fig. 4b) contains ap
proxima tely five to six as yet un
identified bands including a few 
other components of normal serum 
basides immunoglobulins. The 
analysis of rheumatoid factor acti
vity in the whole serum and in dif
ferent isolated peaks of cryopro
teins is given in Table I. The whole 

http:buffer.13
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Fig. 3 Oucterlony double diffusion analysis for isolated first peak - centre well (A) 
cryo-l, (B) cryo-2, (C) cryo-3 and (D) cryo-4. Side well-G-anti IgG; M-anti-IgM ; 
A-anti-IgA; kappa-anti-knppa light chain and lambda-anti-Iambda light chain. Gam Fig. 4 Polyacrylamide gel electrophoretic 
ma, mu, alpha, delta and epsilon are heavy chain specific antisera to anti-IgG, anti pattern of (a) whole cryoglobulinaemic 
IgM, anti-lgA, anti-IgD and anti-IgE, respectively (cross reactivity in between anti serum (case III) and (b) isolated cryo
IgE and anti-whole-IgG was due to species specificity)_ globulin of the same serum, 

Table 1 Immunochemical characterisation of isolated peaks 

Cryoprotein Whole serum 
concentra tion RF ANAB 

(mg/ml) 
Immuno
globulin 

1st peak 

Light ANAB 
chain 

RF 
37°C 40°C 

2nd peak 

Imrnuno- Light 
globulin chain 

Characterisa
tion 

Classi
fication 

Cryo-l Ll + IgM k ++ IgG k Monoclonal Type II 
IgM, kappa 
type with 
polyclonal 

" \ 
IgG 

Cryo-2 0.55 + IgA k + IgG k Monoclonal Type II 
IgA, kappa 
type with 
polyclonal 
IgG 

Cryo-3 4.5 + IgG k ++ Monoclonal Type II 
IgG, kappa 
type 

Cryo-4 0_6 + + IgG missing Gamma Type II 
heavy chain 
with trace of 
alpha heavy 1/ 

chain 
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serum of cryo-l, cryo-2 and cryo-3 
showed rheuma toid factor activity 
while cryo-4 serum was negative. 
Rheuma toid factor activity was also 
demonstrable in the first peak of 
cryo-l and 2, but only at 4°C. The 
single peak of cryo-3 also showed 
RF activity. No RF activity was 
demonstrable in any of the second 
peaks of any of the cryoproteins, 
neither at 4°C nor at 3TC. As the 
presence of RF activity has been 

t 	 shown to be a definite indicator of 
"mixed" nature of cryoproteins,14 
cryo-l, 2 and 3 could be labelled 
as "mixed" cryoglobulins. 

The first three cryoglobulinaemic 
sera and isolated cryoproteins gave 
negative results in the indirect im
munofluorescence test for antinu
clear antibody. However, cryo-4 
showed positive ANF which was 
also present in the first peak of 
fractioned cryoproteins. Consider
ing that auto-antibody activity is 
usually seen in mixed cryopro
teins, even cryo-4 would be consi
dered as a "mixed" cryoprotein 
in spite of having a monoclonal 
component without rheumatoid 
factor activity . 

Since three of the cryoglobulins 
consisted of a mixture of IgM, IgA 
or IgG globulin with polyclonal IgG 
and possessed RF activity in the 
para-protein component , attempts 
were made to detennine whether 
IgG , IgM and IgA or both fractions 
were necessary for cryoprecipitabi
lity and RF activity . The isolated 

( I\: 	 components did not exhibit cold 
insolu bility separately. Recombina
tion (20 J.Ll each) again produced a 
cryoprecipitate. Recombination of 
monoclonal component with isolat
ed IgG from human serum also pro
duced a precipitate which was in
soluble on heating to 37°C. The rea
son for this could be that isolated 
IgG may be partially denatured 
whereas the native state may be 
essential for the reversibility of the 
phenomenon. 

DISCUSSION 

Immu nochemicaUy, cryoproteins 

are classified into three catego
ries. 14-17 Type I is monoclonal 
cryoglobulin made of immunoglo
bulins with only one class or sub
class of heavy and/or light chains. 
Type II is mixed cryoglobulinaemia 
with components made of immu
noglobulin belonging to two diffe
rent classes, one of which is mo
noclonal. Type III is polyclonal 
mixed cryoglobulin which com
prises a heterogeneous immuno
globulin molecule belonging usually 
to two or more different classes and 
sometimes is made of additional 
serum proteins. 

In the present study, cryo-l and 
2 were the straightforward type II 
cryoglobulins, as they showed a 
monoclonal component (lgM in 
case I and IgA in case II) with poly
clonal IgG. Previous reports also 
mention that in cryoglobulinaemia, 
the first component is usually 
either monoclonal IgM,18 IgA 19 and 
IgG 20 or a poly clonal immunoglo
bulin .2, 21 

Cryo-3 apparently had only a 
monoclonal component. Thus , on 
gel filtration it appeared that this 
cryoprotein was a type I cryopro
tein which is usually seen in cases 
of multiple myeloma. However, 
the clinical features and follow-up 
observations of the patient with 
cryo-3 were not consistent with 
the diagnosis of multiple myeloma. 
On the other hand, functional 
studies were compatible with essen
tial mixed cryoglobulinaemia be
cause the monoclonal component 
was showing antiglobulin (RF) acti
vity (Table I). It is possible that, in 
such cases, part of the IgG popula
tion behaves like an antigen while 
the other IgG molecules represent 
antibody. 22 Thus , cryo-3 may 
belong to a very rare category call
ed essential mixed monoclonal 
cryoglobulin. There is a report of 
a patient who was initially describ
ed as having essential cryoglobu
linaemia but after 15 years he deve
loped multiple myeloma from a 
benign condition.23 

Cryo-4 was unusual because, in 
spite of the low pH, complete sepa

ration of the different components 
of the cryoprotein was not effect
ed. The reason for this is not clear. 
The second p ((ak was devoid of 
light chains and showed the pre
sence of more than one heavy chains 
thus indicating the mixed nature of 
the cryoprotein. However, it has 
been pointed out by Skravil and 
Barandun24 that for the detection 
of light chain activity in the agar 
double diffusion test, a very precise 
balance of antigen and anti-serum is 
necessary. Therefore, the possibili
ty of a technical difficulty in de
monstra ting the light chain in cryo
4 cannot be excluded. Whole 
serum of cryo-4 was positive for 
the OS-DNA antibody which could 
not be traced out in isolated com
ponents because of low concentra
tion. Therefore , cryoprecipitation 
of cryo-4 might have been depen
dent either on non-covalent bonds 
or on some unique antigen present 
in the cryoglobulin itself. 

Results of cross-mixing studies 
involving cryoproteins and normal 
immunoglobulin are suggestive of 
immunological interaction. More
over, since the paraprotein alone is 
not cryoprecipitable and since it 
co-precipitates with IgG, it appears 
that the para proteins act as auto
antibodies to IgG thus representing 
an antigen-antibody complex form
ed at low temperature. 25 This is in 
concurrence with the suggestion of 
Wager and coworkers that autolo
gous IgG may become auto-antige
nic after reacting with a primary 
antigen or antigen-antibody comp
lex. 26 The immune system of the 
host would then respond to these 
pathogenic complexes (primary an
tigen/lgG antibody) by producing a 
corresponding antibody . It is also 
possible that their prescence is co
incidental and 0 f no immunopa
thogenic significance. 

The ambient temperature in our 
country generally is not very low; 
therefore, clinical symptoms of 
cryoproteinaemia usually do not 
appear. A careful screening for 
cryoproteinaemia in the suspected 
clinical conditions may be helpful 

http:temperature.25
http:condition.23
http:antibody.22
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both for diagnosis and may also 
give a clue to the possible mode of 
treatment including plasmapheresis. 
Primary over-production of cryo
globulin may occur in cases of mye
loma and other lymphoprolifera
tive diseases whereas secondary 
cryoglobulinaemia develops with 
infections, auto-immune diseases 
and collagen vascular diseases. Be
sides these practical implications, 
the study of cryoglobulin is extre
mely interesting as it yields excel
lent informa tion regarding the reac
tivities of different immunoglobu
lins. 
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