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Characterization of Monoclonal Anti
bodies Recognizing a and psubunits 
of Human Chorionic Gonadotropin 
Hormone 

Chatchai Tayapiwatana and Piyachat Poonpipat 

Human chorionic gonado
tropin (hCG) is a hormone secreted 
from the placental syncytiotropho
blast of the embryo, and is required 
for maintenance of early pregnancy. 
The biochemically and immunolo
gically closely-related hCG, luteini
zing hormone (hLH), follicle stimu
lated hormone (FSH) and thyrotro
pin (TSH) are composed of two 
nonidentical glycosylated subunits 
linked by non-covalent bonds . Only 
the native intact (holo) hormone has 
biological activity. I Within a given 
species, the a subunit is common to 
all members, however, the ~ subunit 
is unique for each hormone. A high 
degree of sequence similarity of ~ 
subunit resides in the first 114 
amino acids between hCG and the 
other hormones .2 The hCG ~ sub
unit is distinguished among the ~ 
subunits due to the extra 31 amino 
acids of carboxy-terminal peptide 
(CTP). CTP is important for main
taining its longer in vivo half-life 
compared with other glycoprotein 
hormones .3 The molecular basis for 
epitopes on both a and ~ subunits 

SUMMARY Human chorionic gonadotropin (hCG) hormone is required 
for maintenance of early pregnancy and is a potential marker in the diag
nosis and prognosis of both pregnancy and trophoblastic diseases. 
Murine hybridomas were generated against purified hCG. Seven hybrid 
clones secreting antibodies against hCG molecule with IgG1/kappa sub
class were established. The indirect ELISA result demonstrated that six 
MAbs (BEL-1 to BEL-6) recognized hCG in both holo and free ~ subunit 
form with negligible cross-reactivity against a closely related hormone, 
human luteiniZing hormone (hLH). In this fusion, only one MAb (ALC-1) 
showed a cross-reaction with hLH, which designated an a subunit speci
fic. The outcome of Western blot ascertained that ALC-1 recognized the 
conformational epitope on a subunit of hCG at Mr 23 kDa band in non
reducing condition (NR). In contrast, epitopes belonging to all MAbs 
recognized ~ subunit of hCG were in linear peptide structure at Mr 34 kDa 
band (NR) and Mr 26 kDa band (R). These six MAbs were further charac
terized by using two ~ subunit carboxy-terminal synthetic peptides (~109-
119 and ~1 09-145). Three of them (BEL-1, BEL-3, and BEL-4) recognized 
only epitope harboring in ~109-145 fragment, the others recognized both 
types of the synthetic peptide. In order to select the most suitable MAbs 
specific to ~ subunit of hCG for exploiting with ALC-1 in the sandwich
type immunometric assay, competitive ELISA was employed. Six indivi
dual MAbs specific to ~ subunit of hCG were used to compete with bio
tinylated ALC-1 to evaluate the proximity of their epitopes on the holo 
form of hCG molecule. Of all six MAbs, BEL-5 depicted the lowest percent 
inhibition result, which indicated the bottom-most steric hindrance effect. 
Consequently, MAb BEL-5 will be the most appropriate antibody to utilize 
in concert with ALC-1 in place of devising a sandwich-type immunometric 
assay for measuring holo-hCG level. 
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units accordingly.4,~ The CTP of P 
subunit contributed to the formation 
of linear peptide epitopes Ps (137
144) and P9 (113-116). The others 
are conformationally determined 
epitopes localized on the core frag
ment of the P subunit. The hormone 
specific epitope, P I and P7, also 
existed in this region. In 1994, 
Lapthorn6 first demonstrated the 
three-dimensional crystal structure 
ofhCG with the correct cystine knot 
and seat-belt characteristic of dimer. 
Success in identification of the 
three-dimensional structure initiated 
many robust efforts to identify 
gonadotropin residues that contact 
the receptor. Cosowsky et ae de
signated the epitopes contacted with 
the LH receptor to be the proportion 
of P loops one and three near 
residue 74 on the outside hormone 
groove and parts of the CTP end of 
the seat-belt. The CTP region of the 
(1, subunit forms a part of the epi
tope indicating its proximity to the 
receptor-binding region 8 Recently, 
Jackson et al.9 identified the cross
reactive discontinuous residues 
presented on P subunit by random 
mutagenesis, which did not change 
the tertiary folding. The results sug
gested that residues 24, 25, 68 and 
71 probably contribute to the P3 
cluster, residues 20, 21, 22, 75 and 
77 to P6 and residue 68 to clusters 
P2, P4 and p~ . The molecular topo
graphy of these epitopes was veri
fied in term of synergistic antibody 
by Klonisch et al.lO,ll The com
bination of MAbs specific to hCG 
and MAb specific to CTP of P 
subunit showed the strongest en
hancement in capturing hCG 
molecule. The flexibility of CTP 
region was contributed to explain 
this observation. 

hCG is a potential marker 

in the diagnosis and prognOSiS of 
both pregnancy and trophoblastic 
diseases, such as choriocarcinoma, 
hydatidiform mole, and nonsemino 
matous testicular cancer. The 
MAbs, which recognized miscella
neous epitopes on hCG were uti
lized in developing various immuno
logical assays.12,\3,14 Multiple forms 

of holo-hCG, free (1" and P subunits 
occurs in biological fluid.I~,16 Total 

P hCG detected has proved useful in 
discriminating between normal 
pregnancies and pregnancies af
fected by Down's syndrome, which 
was first proposed by Bogart et al. 17 

However, after an establishment of 
MAbs specific to P6 and P7 epitope 
clusters,18 which are present only on 
the nonassociated subunit, the assay 
for the free P subunit level was de
veloped. This diagnostic kit proved 
to have more potential value in 
screening for Down's syndrome 
than the detection of total P hCG. 19 

The variants of hCG can also be 
detected in tumor patients as pJ
isoforms of holo-hCG and their free 
subunits. The major difference of 
these variants is due to the abnor
mal highly negative carbohydrate
associated surface charges. The 
panel of MAbs evaluated could 
recognize all variants. According to 
this study, one could conclude that 
the carbohydrate moieties play no 
significant role in the immunologi
cal make-up of hCG?O In addition, 
the variation in expression degrees 
of hCG subunits and fragments on 
cultured human cancer cell mem
brane was investigated in order to 
establish a phenotypic marker.2I 
Currently, hCG and its CTP are 
under investigation as an antigenic 
target in both anti-cance?2 and anti
fertility vaccines?3,24 In addition, 
Delves et al. 9 described an epitope
focused vaccine by using hCG as a 
model. The cross-reactive epitopes 

on P subunit of hCG, which elicited 
antibodies to LH, were modified and 
tested by panel of MAbs. 

In this study, we produced 
and characterized seven MAbs 
against each s u buni t epitopes 
residing on holo-hCG using a solid 
phase immunoassay. Our approach 
has been to select the MAb specific 
to P subunit, which recognized the 
epitope localized in binding distant 
from the epitope recognized by the 
MAb specific to (1, subunit. The 
MAbs selected will be applied in a 
two-monoclonal antibody, sand
wich-type of immunometric assay in 
the future. 

MATERIALS AND METHODS 

Monoclonal antibodies 

Female BALB/c mice were 
immunized with the following 
schedule: 30 Ilg of human chorionic 
gonadotropin (holo-hCG, Profasi, 
Switzerland) emulsified with 
Freund's complete adjuvants, ip on 
days 0 and 14. One month later, 
mice were given an iv dose of 10 Ilg 
free P subunit hCG (Zymed, USA) 
in NSS. After 72 hours, 5 x 107 

splenocytes were isolated and fused 
with I x 107 X63-Ag 8.653 myelo
ma cells using 50% polyethylene 
glycol 4000 (GmCO BRL, USA) 
as the fusogen. The hybrid cells 
selected in RPM! (GmCO BRL, 
USA) containing 10% FBS (Sero
med, Germany), hypoxanthine, thy
midine and aminopterin. To detect 
hybrids secreting antibodies against 
hCG, culture supernatants were 
tested by using indirect enzyme
linked immunosorbent assay. 

Ascites fluid 

BALB/c mice were primed 
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with pristane ip 10 days prior to 
receiving injections of the selected 
hybridoma cells (2 x 106 cells/aru
mal). One week after injection, the 
ascites fluid was harvested, and the 
antibody was purified by protein-A 
affinity chromatography (Econo
Pac, BIO-RAD, USA). 

Biotinylation of monoclonal anti
body 

The p rotein-A chromato
graphic purified MAb ALC-I speci
fic to ex subunit of hCG was bio
tinylated using aminohexanoyl
biotin-N-hydroxysuccinimide ester 
(AH-BNHS, Zymed, USA). Ten 
mg/ml of purified MAb in bicarbo
nate pH 8.4 was mixed with 10 
mglml of AH-BNHS in dimethyl
fonnamide at 10: I (w/w) ratio. The 
mixture was incubated for I hour at 
room temperature with continuous 
shaking, dialysed extensively in 
0.05% sodium azide in PBS pH 7.5. 
Biotinylated antibody was store at 
4°C. 

Enyzyme-linked immunosorbent 
assay 

Polystyrene flat bottom 
plates (Maxi Sorp, Nunc, Denmark) 
were coated with holo-hCG in 0.1 
M carbonate buffer pH 8.6 buffer at 
a concentration of 2.5 f.lglml at 4°C 
overnight (each well was incubated 
in 50 f.ll) . Plates were then washed 
three times with washing buffer, 
0.5% Tween 20 in PBS pH 7.5 and 
blocked with 200 f.ll in each well 
with 2% BSA in PBS pH 7.5 for 1 
hour at 37°C. The hybrid cells were 
screened by adding 50 f.ll of culture 
supernatant to the coated wells and 
incubated for 1 hour at 37°C. Fol
lowing the incubation, the plates 
were washed and the presence of 
anti-hCG antibodies was assessed 

with polyspecific rabbit anti-mouse 
immunoglobulin-peroxidase conju
gate (Zymed, USA). The enzyme 
conjugate was diluted in 1 % BSA in 
PBS pH 7.5 and was revealed with 
the TMB chromogenic substrate 
(Zymed, USA) . After 30 minutes of 
room temperature incubation, en
zymatic reaction was stopped with 5 
N H2S04 . The optical densities 
detected were read on a microtiter 
plate reader (EL 340, BIO-TEK, 
USA) at 450 run. The contents of 
wells showing an optical density of 
> 0.8 were cloned by limiting dilu
tion culturing. The immunoglobulin 
subclass was detennined using an 
isotyping kit (GmCO BRL, USA). 

The specificity of the MAbs 
produced was further characterized 
by using free P subunit hCG (Zy
med, USA), synthetic carboxy-ter
minal peptide (CTP) of sequence 
p109-119 (TCDDPRFQDSS) and 
P 109-145 (TCDDPRFQDSSSSK
APPPSLPSPSRLPGPS DTPaPQ) 
purchased from Sigma, USA and 
human luteinizing honnone (hLH, 
Zymed, USA) as antigen with the 
same procedure described above. 

Competitive enzyme-linked immu
nosorbent assay 

The coating of holo-hCG 
and subsequent blocking steps were 
prepared as described above. Fifty 
microliters of the competitive MAbs 
diluted to 1.5 OD in reaction 
against holo-hCG using indirect en
zyme-linked immunosorbent assay 
was incubated in each coated well 
for 1 hour at 37°C, followed by 
washing three times. Fifty micro
liters of biotin-conjugated ALC-l at 
dilution of 1 :2,500 was applied to 
the reaction plate and incubated for 
1 hour at 37°C. After washing three 
times, wells were incubated for 1 

hour at 37°C with 1 :5,000 dilution 
of peroxidase-Z-avidin (Zymed, 
USA). TMB chromogenic substrate 
was added after washing another 
three times. Five nonnal H2S04 was 
added after 30 minutes of incuba
tion at room temperature and the 
absorbance of the reaction product 
measured with a microtiter plate 
reader at 450 run. 

Reduction in OD of each 
reaction well was used to compare 
with a no competitor control well. 
The positive inhibition control well 
in this experiment was non-labeled 
ALC-I as self-competitor. The per
cent inhibition was calculated from 
these raw data. 

Polyacrylamide gel electropho
resis (pAGE) 

Both standa rd protein 
marker (SDS-6, Sigma, USA) and 
holo-hCG were boiled for 3 minutes 
in a sample buffer containing 1 % 
SDS, 62 .5 mM Tris-HCl pH 6.8, 
10% glycerol, with or without 5% 
2-mercaptoethanol (2-:ME) and a 
trace amount of tracking dye 
(Bromophenol blue, Fisher, USA) 
before electrophoresis . Descending 
electrophoresis was perfonned by 
allowing a current of 5 mNgel 
using 15% acrylamide separating 
gel as a bridge. The chamber was 
filled with electrophoresis buffer pH 
8.3 and the current was turned on 
until the tracking dye reached the 
lower edge of the gel. Lane con
taining standard protein marker was 
cut off for staining with 2% 
Coomassie brilliant blue R-250 
(Sigma, USA). Sample lanes were 
further processed for Western blot 
analysis. 

Western blot analysis 

Proteins resolved by PAGE 
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were electrophoretically transferred 
to nitrocellulose membrane (Nitro
Pure, MSI, USA) at 150 V for 60 
minutes. Sample lanes were treated 
for 5 mimrtes with washing buffer 
(1% Tween20 in PBS pH 7.5) and 
incubated in blocking buffer (2% 
BSA in PBS pH 75) for I hour at 
37°C. After washing three times, 
selected MAbs were applied to 
nitrocellulose strips for 1 hour at 
room temperature. Reaction bands 
were probed by a 1: 1,000 dilution 
of horseradish peroxidase conju
gated anti-mouse immunoglobulins 
antibody (Zymed, USA) after 
washing the membrane extensively 
three times. Following 1 hour of in
cubation at room temperature, the 
last washing step was performed. 
Inununoreactive bands on each strip 
were visualized by adding chromo
genic substrate (diaminobenzidine, 
Sigma, USA). The enzymatic reac
tion was stopped by running tap 
water after 5-minute incubation. 

RESULTS 

Monoclonal antibodies to hCG 
selection 

Splenocytes from a single 
animal possessing the highest serum 

antibody titer against holo-hCG 
(1 :280,000) by indirect ELISA were 
harvested . After the fusion process, 
the mixture of cells was expanded to 
960 wells of 96-well tissue culture 
plates. Ten days later hybridomas 
were colonized in 119 wells under 
selective conditions . Seven hybrid 
wells secreted antibodies against 
holo-hCG by screening indirect 
ELISA with OD > 0.8. All of them 
were cloned in a 96-well tissue cul
ture plate. Culture supernate of 
wells harboring single hybrid colony 
were reaped to examine their speci
ficity with holo-hCG, free ~ subunit 
hCG and hLH by indirect ELISA. 
The reactive activity can be demon
strated by the OD value (Table 1). 
Six hybrid clones secreting MAbs 
recognized epitopes presented on 
both holo-hCG and free ~ subunit 
hCG without cross-reactivity 
against hLH. These clones were 
named BEL-l to BEL-6. Never
theless, the only MAb, ALC-I, 
which was established in this study, 
recognized both holo-hCG and hLH 
equally. No significant reaction with 
free ~ subunit was observed. More
over, all of these MAbs except for 
ALC-l were examined with SVIl

thetic CTP of sequence ~ 1 09-119 
containing ~9 epitope cluster and 

~ 1 09-145 containing both ~9 and ~8 
epitope clusters (Fig. 1). The results 
demonstrated that MAbs BEL-I, 
BEL-3, and BEL-4 recognized 
sequence ~109-145, while, MAbs 
BEL-2, BEL-5, and BEL-6 
recognized both ~ 109-119 and 
~ 109-145 sequences equally (Table' 
2) . Regarding the immunoglobulin 
subclass identification, all of MAbs 
selected were of IgG\/kappa. 

Biotinylation of MAb ALC-l 

In order to produce ascites 
fluid, 2 x 106 cells of ALC-l hybrid 
line were injected into mouse ip. 
The ascites fluid achieved was fur
ther purified by protein-A chro
matography. Purified immunoglobu
lin was diluted to 10 mglml in 
bil'.arbonate buffer pH 8.4 and mix 

with 10 mglml of AH-BNHS in di
methylformamide at 10:1 (w/w) 
ratio. In addition, the biotinylated 
ALC-l was examined for its anti
body retaining activity toward hCG 
by avidin-biotin indirect ELISA. 
The highest titer obtained was 
1 :8,000. This single preparation of 
biotinylated ALC-l was employed 
throughout the experiment. 

Table 1 Indirect ELISA reactivities of MAbs against holo-hCG, p subunit hCG, and hLH. The 
degree of each reaction well was represented in the mean of optical densities (OD) value 
at 450 nm . Each assay was done in triplicate. 

Antigens 

holo-hCG 
PhCG 
hLH 

BEL-1 

>2.00 
>2.00 

0.06 

BEL-2 

>2.00 
>2.00 

0.07 

Monoclonal antibodies 

BEL-3 BEL-4 BEL-5 BEL-6 ALC-1 

>2.00 >2.00 >2.00 >2.00 >2.00 
>2.00 >2.00 >2.00 >2.00 0.07 

0.07 0.12 0.07 0.08 >2.00 
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Table 2 	 Indirect ELISA for epitope localization of MAbs against synthetic carboxy terminal peptide 
sequence P109-119 and P109-145. The binding efficient of each MAb was represented in 
the mean of optical densities (00) value at 450 nm. Each assay was done in triplicate. 

Monoclonal antibodies
Antigens 

BEL-1 BEL-2 BEL-3 BEL-4 BEL-5 BEL-6 

13109-119 0.05 1.85 0.15 0.07 1.98 1.90 
13109-145 1.70 1.89 1.77 1.80 1.91 1.75 

hCG: (1 - 50) SKEPLRPRCRPINATLAVEKEGCPVCITVNTTICAGYCPTMTRVLQGVLP 
ALIGN S+EPLRP C PINA LAVEKEGCPVCITVNTTICAGYCPTM RVLQ VLP 
hLH: (1 -5 0) SREPLRPWCHPINAILAVEKEGCPVCITVNTTI CAGYCPTMMRVLQAVLP 

hCG: (51 -1 00) ALCQVVCNYRDVRFESIRLPGCPRGVNPVVSYAVALSCQCALCRRSTTDC 
ALIGN LPQVVC YRDVRFESIRLPGCPRGV+PVVS+ VALSC+C CRRST+DC 
hLH: (51-100) PLPQVVCTYRDVRFESIRLPGCPRGVDPVVSFPVALSCRCGPCRRSTSDC 

hCG: (101-145) GGPKDHPLTCDDPRFQDSSSSKAPPPSLPSPSRLPGPSDTPILPQ 
ALIGN GGPKDHPLTCD P+ 
hLH : (101-121) GGPK DHPLT CDHPQLSGLLFL 

Fig. 1 Comparison of the amino acid sequences of the p subunit hCG and p subunit hLH 
hormones, non homology was designated as gap, + symbol referred to similar amino acid. 
The P9 and ps epitopes were accordingly represented as open and shaded box. Analyzed 
by BlastP Enhanced Alignment Utility. 

Polyacrylamide gel electropho
resis (pAGE) 

To determine the purity of 
urinary preparation of pregnancy 
holo-hCG purchased from Profasi, 
PAGE was performed and gel 
stained with 2% Coomassie brilliant 
blue R-250 (Fig. 2). Holo-hCG hor
mone was separated into two dis
crete bands at Mr 23 kDa (a sub
unit) and Mr 34 kDa (p subunit) in 
non-reducing condition. In contrast, 
bands at Mr 20 kDa (a subunit) and 
Mr 26 kDa (p subunit) were found 
in reducing condition (with 2-ME in 
sample buffer). These relative size 

differences on PAGE corresponding 
to the standard molecular weight, 
SDS-6 was determined by 1D image 
analysis program (ONE-Dscan 
version 1.0, Scanalytic, USA). The 
result obtained was similar to highly 
purified urinary Nlli standard hCG 
molecular size described by Berger 
et al. 18 

Western blot analysis 

According to the result 
shown in Fig. 3, the Western blot 
reaction of MAbs BEL-1 to BEL-6 
against holo-hCG exhibited an 
homology binding pattern in both 

non-reducing (NR) and reducing 
conditions (R) . Polypeptides bearing 
specific epitopes for these MAbs 
were localized at Mr 34 kDa band 
(NR) and Mr 26 kDa band (R). 
However, the reactive bands vi
sualized in the R condition was 
more intense than in the NR con
dition. In comparison, MAb ALC-1 
rendered a specific recognition epi
tope residing on polypeptide with 
Mr 23 kDa (NR) and no reactive 
band was visualized under R con
dition. There was absolutely no 
background band observed on the 
control strips in both R and NR 
condition. 
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Fig. 2 	 The PAGE results of reduced (R) and non-reduced (NR) 
holo-hCG protein. The STD lane contained standard protein 
molecular weight (SDS-6), specific Mr of each band was 
shown on the far-left side. A, C illustrated p subunit hCG 
and B, D depicted a subunit hCG. 

Fig. 3 Immuno-enzyme reaction patterns of Western blot holo-hCG probed with MAbs BEL-1 
(lanes 1 and 2), BEL-2 (lanes 3 and 4), BEL-3 (lanes 5 and 6), BEL-4 (lanes 7 and 8), 
BEL-5 (lanes 9 and 10), BEL-6 (lanes 11 and 12), and ALC-1 (lanes 13 and 14). The 
myeloma culture supernatant was used as a negative control, which exhibited in lanes 
15 and 16. The holo-hCG protein separated in non-reducing and reducing conditions 
were represented in the odd and even lane numbers, accordingly. The labels de
signating the specific location of each visualized band was shown on the far-left side. 
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Table 3 	 Effect of MAbs BEL-1 to BEL-6 in binding to holo-hCG target 
monitored with biotinylated MAb ALC-1 by competitive ELISA. 
The results were expressed in percent inhibition by comparing 
with no competitor reaction well. Each assay was done in 
triplicate. 

BEL-1 0.46 51.68 
BEL-2 0.71 20.22 
BEL-3 0.40 55.a5 
BEL-4 0 .45 49.43 
BEL-5 0.75 15.73 
BEL-6 0.70 21.34 
ALC-1* 0.17 80.89 

No competitor 0 .89 0.00 

ALC-1· _s used as self-competitor in this system. 

Competitive enzyme-linked im
munosorbent assay 

In accordance with the 
highly sensitive competitive ELISA 
using avidin-biotin system devel
oped, six MAbs specific to 13 sub
unit hCG (BEL I to BEL6) were 
supplied to compete with the MAb 
specific to a subunit hCG (ALC-l) 
conjugated biotin. The holo-hCG 
coated on solid phase was subjected 
to be a target molecule. As shown in 
Table 3, each competitor gave a dis
tinct degree of percent inhibition. 
Regarding this result, the com
petitors could roughly be separated 
into two clusters: MAbs BEL-I, 
BEL-3, and BEL-4 with percent 
inhibition above 22, whereas, MAbs 
BEL-2, BEL-5, and BEL-6 with 
percent inhibition below 22. Among 
these competitors, MAb BEL-5 
showed the lowest percent inhibi
tion. 

DISCUSSION 

The specific immunization 

Mean
MAbs 	 % Inhibition

OD at 450 nm 

protocol used successfully produced 
hybridomas secreting MAb specific 
to CTP of 13 subunit hCG, which 

· . 25 Onlwas I	 ypoor y Immunogeruc. 
mouse B-Iymphocytes which ex
pressed specific antibodies against 13 
subunit hCG were triggered by 
restricting the iv prefusion dose with 
the free 13 subunit hCG, therefore, 
removing the strong immunogenicity 
of a subunit hCG.26 This protocol 
was applied from the previous 
report which found that immuni
zation with free 13 subunit hCG 
yielded polyclonal antibodies with 
much lower cross-reaction to hLH.27 
Evidence presented herein showed 
that the MAbs BEL-l to BEL-6 
specifically reacted with 13 subunit 
hCG because they did not cross
react with hLH molecule in indirect 
ELISA. The identical binding pat
terns of these MAbs were observed 
both in the R and NR conditions by 
Western blot analysis. This group 
of MAbs could retain its activity 
when reacted with the epitopes on 13 
subunit hCG treated with 2-ME. 
Hence, these MAbs recognized the 

epitopes, which did not rely on the 
conformational structure. Never
theless, the intensity of the band 
viewed on the strip of non-reduced 
antigen was duller and more 
disperse than the strip of reduced 
antigen. This could apparently be 
explained in that the ratio of SDS 
occupied on the heavily glyco
sylated incomplete unfolding of 13 
subunit hCG was not correct. Thus 
the similar protein had a different 
moving rate in PAGE. As pre
viously precluded, so far there were 
only two linear peptide epitope 
clusters, which discriminated 13 sub
unit hCG from other closely related 
honnones . These epitopes lined in 
the CTP region of 13 subunit hCG, 
138 (137-144) and 139 (113-116)28 
For that reason we chose two syn
thetic peptides of sequence 13109
119 and 13109-145 to further char- . 
acterize these MAbs. The result dif
ferentiated these MAbs into two 
groups. First group was BEL-I, 
BEL-3, and BEL-4 recognized only 
13109-145. The other was that BEL
2, BEL-5, and BEL-6 recognized 
both types of synthetic peptide. 
These outcomes indicated that the 
set of BEL-I, BEL-3, and BEL-4 
restricted to the 138 epitope cluster. 
In contrast, BEL-2, BEL-5, and 
BEL-6 directed towards the 139 
epitope cluster. 

Another MAb harvested in 
this study, MAb ALC-l, demon
strated an absolutely different im
munological reaction. It bound only 
to epitopes localizing on holo-hCG 
and hLH, but not on free 13 subunit 
hCG in indirect ELISA. This result 
implied that MAb ALC-l had a 
specific 	 reaction to a subunit of 
holo-hCG, which shared among the 
closely 	 related hormones . This 
consequence correlated with the 
Western 	 blot result, since MAb 
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ALC-l reacted with the 0. subunit 
hCG at Mr 23 kDa of NR con
dition. Disrupting disulfide loops in 
the holo-hCG molecule absented the 
recognition of MAb ALC-l to 0. 

subunit hCG. Thus the epitope 
recognized by this MAb confined 
the native structure of 0. subunit 
hCG. As we did not further char
acterize the epitope recognized by 
this MAb, the cluster of epitope 
could not be specified. However, 0.6 

and 0.7 could be excluded because 0.6 

restricted to the unbound form of 0. 

subunit hCG and 0.7 was a member 
of linear peptide epitope.4 

To detennine the distant 
topography of epitopes recognized 
by the set of MAb specific to p sub
unit hCG and one MAb specific to 
0. subunit hCG, competitive ELISA 
was exploited. Each MAb of BEL-l 
to BEL-6 inhibited the specific 
binding of biotinylated ALC-I to 0. 

subunit hCG epitope in the different 
degree. Since all MAbs belonged to 
IgGtlk subclass, they could prac
tically be compared in this experi
ment. The smallest percent inhibi
tion bestowed the most distant of 
that p subunit epitope and ALC-l 
epitope. The group of MAbs speci
fic to the PH epitope cluster con
tended with MAb ALC-I in binding 
to its epitope more effectively than 
the P9epitope cluster specific group . 
With respect to the result, MAb 
BEL-5 had the bottom-most inter
fering effect in binding of MAb 
ALC-I to its epitope. This percent 
inhibition had validity for selecting 
a MAb BEL-5, specific to P subunit 
hCG to utilize with MAb ALC-I in 
developing a two-monoclonal anti
body, sandwich-type of immuno
metric assay. The highest sensitivity 
in the detection of holo-hCG will be 
achieved from this criterion. 

At present, at least 50 dis
tinct commercial kits are available 
for measuring hCG levels. Dif
ferent combinations of MAbs in the 
sandwich-type assay are used in 
each kit. The interpretation of these 
results is cumbersome because the 
hCG detected by unlike kits is in a 
different form?9 In any event, the 
correlation of these consequences 
may play a high potential role in 
classifying patients with tropho
blastic disease. The kit, which will 
be prepared for detecting serum 
holo-hCG level is possibly helpful 
in the prognosis of a patient's con
dition in combination with the 
serum level of total P subunit hCG. 
In addition, MAbs specific to P 
subunit hCG can be exploited in 
preparation of an affmity purified 
hCG. This extremely purified hCG 
is essential for the remedy of 

. , 30 31 d J: .Kaposl s sarcoma' an lor antl
fertility vaccination.32 

While the three-dimensional 
structure of P subunit hCG CTP 
part had not yet been elucidated, 
this study also contributed an in
sight into how CTP interacted with 
0. subunit hCG in native structure of 
holo-hCG. Since the PH epitope 
cluster resides in the extreme end of 
the P hCG molecule. Hence, it is 
more flexible compared to the P9 
epitope cluster,1O which is adjacent 
to the core fragment of the mole
cule. Therefore, when MAbs 
reacted with PH epitope, CTP might 
fold back and hinder the epitope 
specific for MAb ALC-I . 

REFERENCES 

Gray CJ. Glycoprotein gonadotropins, l. 
structure and synthesis. Acta Endo
crinol1988; 288: 20-7. 

2. Lustbader IW, Yarmush DL, Birken S. 
The application of chemical studies of 

human chorionic gonadotropin to vi
sualize its three-dimensional structure. 
EndocrRev 1993; 14: 29l-3ll. 
Furuhashi M, Shikone T, Fuad A. 

3. Fusing the carboxy-terminal peptide of 
the chorionic gonadotropin (CG) ~

subunit to the common a:-subunit: re
tention of o-linked glycosylation and 
enhanced in vivo bioactivity of chi
meric human CG. Mol Endocrinol 
1995 ; 9:54-63. 

4. 	 Dirnhofer S, Leochner 0, Mader
sbacher S. Free a: subunit of human 
chorionic gonadotrophin: molecular 
basis of immunologically and biolo
gically active domains. J Endocrinol 
1994; 140: 145-54. 

5. 	 Dirnhofer S, Madersbacher S, Bidart 
JM. The molecular basis for epitopes 

on the free ~-subunit of human cho
rionic gonadotrophin (hCG), its car
boxyl-terminal peptide and the hCG ~
core fragment. J Endocrinol 1994; 
141: 153-62. 

Lapthom AJ, Harris DC, Littlejohn A.
6. 
Crystal structure of human chorionic 
gonadotropin. Nature 1994; 369: 455
6l. 

7. 	 Cosowsky L, Venkateswara SN and 
Gordon 1. The groove between the a:
and ~-subunits of hormones with lu
tropin (LH) activity appears to contact 
the LH receptor, and its conformation 
is changed during hormone binding. J 
Bio Chern 1995; 270: 20011-19. 

8. 	 Venkatesh N, Murthy GS . 
Inununochemical approach to the map
ping of an assembled epitope of human 
achorionic gonadotropin; proximity of 
ClF-a: to the receptor binding region 
of the ~-subunit. J Inunl.m.ol Methods 
1997; 202: 173-82. 

9. 	 Jackson AM, Klonisch T, Lapthom AJ. 
Identification and selective destruction 
of shared epitopes in human chorionic 
gonadotropin beta subunit. J Reprod 
Irnml.m.ol1996; 31: 21-36. 

10. 	Klonisch T, Delves J, Berger P. 
Relative location of epitopes involved 
in synergistic antibody binding using 
human chorionic gonadotropin as a 
model. Eur J Immunol 1996; 26: 
1897-905. 

11. 	Klonisch T, Panayotou G, Edwards P . 
Enhancement in antigen binding by a 
combination of synergy and antibody 
capture. Immunology 1996; 89: 165
71. 

12. 	Amr S, Wehmann RE, Birken S. Char
acterisation of a carboxy terminal pep

http:Inunl.m.ol
http:vaccination.32


135 MONOCLONAL ANTIBODIES TO CHORIONIC GONADOTROPIN 

tide fragment of the human chorionic 
gonadotropin beta subtmit excreted in 
the urine of a woman with choriocar
cinoma. J Clin Invest 1983; 71: 329. 

13. Norman J, Poulton T, Gard T. Mono
clonal antibodies to human chorionic 
gonadotropin: implications for anti
genic mapping, immtmoradiometric as
says, and clinical applications. J Clin 
Endocrinol Metab 1985; 61: 1031-8. 

14. Ibuki y, Yazaki K, Igarashi M. A 
highly sensitive and specific sandwich 
enzyme immtmoassay for detection of 
human chorionic gonadotropin in tro
phoblastic disease. Asia Oceania J 
Obstet Gynaeco11990; 16: 49-56. 

15 	 Measure HR, Jaffee WL, Sickel MA. 
Characterization of a small molecular 
size urinary immtmoreactive human 
chorionic gonadotropin (hCG)-like 
substance produced by normal placen
ta and by hCG-secreting neoplasms. J 
Clin Endocrinol Metab 1981; 53: 
1041-20. 

16. Krichevsky A, Birken S, O'connor 1. 
Development and characterization of a 
new, highly specific antibody to the 
human chorionic gonadotropin-P frag
ment. Endocrinology 1991; 128: 1255
64. 

17. Bogart MH, Pan dian MR, Jones OW. 
Abnormal maternal serum chorionic 
gonadotropin levels in pregnancies 
with fetal chromosome abnormalities. 
Prenat Diagn 1987; 7: 623-30. 

18. Berger P, Klieber R, Panmoung W. 
Monoclonal antibodies against the free 

subunits of human chorionic gonado
trophin. J Endocrinol 1990; 125: 301
9. 

19. 	Spencer K. Evaluation of an assay of 
the free P-subtmit of choriogonadotro
pin and its potential value in screening 
for Down's syndrome. Clin Chern 
1991; 37: 809-14. 

20. Berger 	 P, Schwarz S, Spottl G. 
Variants of chorionic gonadotropin 
from pregnant women and tumor 
patients recognized by monoclonal 
antibodies. J Clio Endocrinol Metab 
1993; 77: 347-51. 

21. Acevedo HF, Hartsock RJ. Metastatic 
phenotype correlates with high ex
pression of membrane-associated com
plete beta-human chorionic gonadotro
pin in vivo. Cancer 1996; 78: 2388-99. 

22. Talwar GP. Vaccine for control of fer
tility and hormone dependent cancers. 
Immunol Cell Bioi 1997; 75: 184-9. 

23. Talwar GP, Singh OM, Gupta SK. The 
HSD-hCG vaccine prevents pregnancy 
in women: feasibility study of a rever
sible safe contraceptive vaccine. Am J 
Reprod Immtmo11997; 37: 153-60. 

24. 	Dirnhofer S, Wick G, Berger P. The 
suitability of human chorionic gonado
tropin (hCG)-based birth-control vac
cines. Immtmol Today 1994; 15: 469
74. 

25. Ramakrishnan S, Das C, Dubey SK. 
lmmtmogenicity of three C-terminal 
synthetic peptides of the beta subunit 
of human chorionic gonadotropin and 
properties of the antibodies raised 

against 45-amino acid C-terminal pep
tide. J Reprod lmmunol 1979; I: 249
61. 

26. 	Gani M, Coley J, Porter P. Epitope 
masking and irnmunodominance com
plications in the selection of mono
clonal antibodies against HCG. Hybri
doma 1987; 6: 637-43. 

27. Vaitukaitis JL, Braunstein GD, Ross 
GT. A radioimmunoassay which spe
cifically measures human chorionic 
gonadotropin in the presence of human 
luteinizing hormone. Am J Obstet 
GynecoI1972; 113: 751-8. 

28. 	Berger P, Bidart 1M, Delves PS. Im
munochemical mapping of gonadotro
pins. Mol Cell Endocrinol 1996; 125: 
33-43. 

29. 	Cole LA, Kohorn EI, Kim GS. De
tecting and monitoring trophoblastic 
disease new perspective on mesuring 
human chorionic gonadotropin levels. 
J Reprod Med 1994; 39: 193-200. 

30. Gill PS, Lunardi-Ishkandar Y, Louie 
S. The effects of preparations of human 
chorionic gonadotropin on AIDS-re
lated Kaposi's sarcoma. N Engl J Med 
1996; 335: 1261-9. 

31. 	Witzke 0, Hense J, Reinhardt W. 
Beta-human choriogonadotropin thera
py and HIV-related Kaposi's sarcoma. 
Eur J Med Res 1997; 2: 155-8. 

32. Talwar 	 GP. Fertility regulating and 
immtmotherapeutic vaccines reaching 
human trials stage. Hum Reprod 
Update 1997; 3: 301-10. 




