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Antinuclear Antibody Detection Using 
Streptavidin-Biotin-Peroxidase Complex 
on HEp-2 Cell Substrate 

Ronald Y.L. Chen, Wong Kei·lam, John W.M. Lawton and Faith C.S. Ho 

The immunofluorescent (IF) 
technique 1has been extensively used 
in the detection of antinuclear anti­
bodies (ANA). Rodent tissues were 
for a long time the substrate of 
choice. 2 However, cultured human 
cell lines have advantages of better 
sensitivity and specificity and in 
recent years the HEp-2 cell-line has 
become the preferred substrate. 3-5 

Immunocytochemical techniques 
using enzyme-conjugated reagents 
which produce colour reactions 6 

SUMMARY The streptavldln·biotln-peroxidase complex (SABe) technique was 
compared to conventional Indirect immunofluorescence (IIF) for the detection of 
anti·nuclear antibody (ANA) on HEp-2 cen substrate. SABe showed higher specificity 
and predictive value and gave more reproducible titres and clearer staining patterns 
than IIF in sera from a series of rheumatic disease patients. Sera from 80 patients 
with various types of rheumatic diseases and 20 without rheumatic disease were 
further tested using the SABe method. All systemic lupus erythematosus (SLE) sera 
were positive. The overall sensitivity was 95%, specificity 90% and predictive value 
97% for rheumatic disease. The rim pattern was associated with SLE and mixed 
connective tissue disease. The nucleolar/homogeneous pattern was associated 
with scleroderma and SLE in remission. ANA titre and staining pattern have limited 
value in the clinical assessment of rheumatic disease; however, ANA has very high 
sensitivity for SLE and remains an excellent screening test. 

have also been applied in ANA detec­
tion. They give comparable or even 
superior results in comparison with 
IF 7-9 in terms of demonstrating stain­
ing patterns which are associated 
with particular rheumatic diseases. 10-12 

The technique has the added ad­
vantage over IF that a permanent 
record can be kept. The develop­
ment of the avidin-biotin-complex 
(ABC) technique resulted in higher 
sensitivity 13 and it was significantly 
improved by substituting avidin with 
streptavidin which has an isoelectric 
point near neutral pH and therefore 
gives less non-specific background 
staining. 14 

SLE has a high prevalence in 
Chinese populations. 15 ANA is the 

principal screening test for the disease, 
and we considered it important to 
evaluate the streptavidin-biotin­
peroxidase-complex (SABC) technique 
in comparison with conventional IF 
on HEp-2 cell substrate, and to assess 
the results of ANA testing using 
SABC in Hong Kong Chinese with 
and without systemic rheumatic 
disease. 

MATERIALS AND METHODS 

HEp·2 cell culture in chamber slides 

Cells were maintained in RPMI 
1640 supplemented with 10% foetal 
calf serum, L-glutamine 0.2 mM, 
penicillin 100 V/ml, streptomycin 

100 /lg/ml and mycostatin 20 V/ml 
in 50 ml tissue-culture flasks (Falcon 
3013, Becton Dickinson & Co. N.J.) 
in an atmosphere of 5070 C02' The 
cells were normally subcultured at 3 
to 4 day intervals. Freshly trypsinised 
cells were suspended in growth medium 
at 1 x 105 cellslml and one ml of 
this suspension was added to each 
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well of the chamber slide (Lab-Tek, 
TIC Chambers, Mi}es Labs. Inc., 
III). The chamber slides were incu­
bated in 5070 C02 at 37° C and after 
24 hours the cell mono layers were 
fixed in 95070 ethanol for 3 minutes 
at room temperature and air-dried. 

Indirect immuno-fluorescence (IIF) 
for detection of ANA 

T est serum was added to the 
fixed HEp-2 cell monolayer and 
incubated for 30 minutes at room 
temperature. . Slides were rinsed 
three times with phosphate buffered 
saline (PBS), pH 7.3, then a 1150 

dilution of fluorescein isothiocyanate 
(FITC) labelled goat anti-human Ig 
(r -globulin fraction, Behring AG 
Diagnostica, Marburg) was added 
to the cells for 30 minutes at room 
temperature and the slides were 
again washed three times in PBS. 
Finally, slides were mounted in 2.5% 
Dabco mountant (Aldrich Chemical 
Co., Wis) in buffered glycerol and 
cells were observed by epifluorescence 
under blue light, 450-490 nm, using 
a Leitz Labolux D microscope. 

SABC technique for detection of ANA 

Fixed HEp-2 cell substrate was 
pretreated with normal sheep serum 
(1/5) for 20 minutes at room tem­
perature. Test serum was added, 
incubated at 37°C for 30 minutes 
and the slide was then washed three 
times in Tris buffered saline (TBS), 
pH 7.6. A 1/100 dilution of bio­
tinylated sheep anti-human ig (Amer­
sham International pic, Bucks.) was 
added for 30 minutes at 37°C, the 
slide was rinsed three times in TBS 
and streptavidin - biotin - peroxidase 
complex (SABC, Amersham Inter­
national pic, Bucks.) diluted 1/50 
was applied for 30 minutes at 37°C. 
The slide was rinsed again in TBS 
and developed in diaminobenzidine 
(DAB) 0.05% with 0.001 % H202 
in TBS for 5 minutes at room tem­
perature. Finally the cell monolayer 
was dehydrated, cleared and mounted. 

Comparison of IIF and SABC 

To compare the two techniques 
in terms of ANA titres and patterns 
of nuclear staining, test sera were 
coded and results were read 'blindly'. 
Sera were screened at 1/10 dilution 
and positives were titred out at five­
fold serial dilutions. Six sera were 
tested twice each to determine the 
reproducibility of the techniques. 

Sera were tested from 47 patients 
and 4 normal controls; they included 
11 SLE, 5 Sj5gren's syndrome (SS), 
3 scleroderma (Sci), 5 mixed con­
nective issue disease (MCTD), 2 
cutaneous lupus (CLE), 3 throm­
bocytopoenic purpura (TP) with 
positive ANA, 5 SLE with TP, 4 
rheumatoid arthritis (RA), 9 non­
rheumatic diseases and 4 normal sera. 

Clinical assessment of ANA results 

by SABC 
To study the clinical usefulness 

of SABC in ANA detection, we tested 
sera from 80 patients with rheumatic 
disease: 35 SLE, (including 10 cases 
presenting with TP); 8 CLE; 10 SS 
(4 overlapping with SLE, one over­
lapping with ScI); 4 ScI; 14 MCTD; 
9 RA; Sera were also tested from 20 
individuals without rheumatic disease 
and 10 sera from healthy adults were 
used as 'normal controls'. 

The earliest serum available from 
each patient within the study period 

was retrieved from the freezer files. 
In the case of SLE, only those newly 
diagnosed in the study period were 
selected and, if available, a second 
serum taken after 5 to 7 months was 
included (paired sera were available 
in II). All sera were coded and tested 
'blindly' for ANA by the SABC 
method. Sera were first tested at a 
screening dilution of 1110. Positives 
were then titred out at serial five-fold 
dilutions. 

Clinical activity score 

Each patient having SLE, MelD 
and SS/SLE was given a 'clinical 
activity score', ranging from 0-3, 
when the serum was taken. 16 A score 
of 0 indicated complete remission, 
while scores of I to 3 indicated disease 
activities of increasing magnitudes. 

Stastical methods 

The correlation of results between 
IIF and SABC was analysed by 
Kappa statistics. 17 The comparison 
of titres was analysed by the linear 
regression test. Fisher'S exact test 
was used for the rest of the statistical 
analysis. 

RE"OULTS 

Comparison of IIF and SABC 

Results of ANA assays on 51 
sera, tested at 1110 dilution, are sum­
marised in Table 1. In terms of 

Table 1. Correlation of positive and negative 
ANA results given by IIF and SABe 

SABC 

+ Total 

+ 38 7 45 
IIF 

5 6 

Total 39 12 51 

(K=O.51) 
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negativity and positivity the two tech­
niques correlated reasonably well 
(K =0.51) but IIF was slightly more 
sensitive at the screening dilution 
employed. 

Sera from patients with rheu­
matic disease and a control group 
(non- rheumatic disease and normals) 
were tested by both techniques and 
the results are shown in Table 2. 
The sensitivity for rheumatic disease 
was 97C17o by both techniques. On 
the other hand, specificity was con­
siderably higher by SABC (85C17o) 
than by IIF (38C17o). The positive 
predictive value of ANA using SABC 
was also higher (95%) than using 
IIF (82C17o). 

In terms of titres, the two tech­
niques correlate well (r = 0.62). 
HoweveI:, of the 37 sera positive by 
both techniques, only 14 (36C17o) gave 
the same titre by both methods. In 
the remainder, discrepancies were 
from I to 3 tube dilutions. 

Reproducibility was compared 
by testing 6 sera on two occasions. 
SABC gave full correspondence of 
negativity and positivity, but one 
serum was positive with IIF in the 
first (titre 10) and negative in the 
second assay. Titre discrepancies of 
I and 2 tube dilutions were noted in 
2 sera with IIF. One serum showed 
a I tube discrepancy with SABC. 
Thus reproducibility was apparently 
better using SABC. 

Table 2. Comparison of II F and SABC in ANA detection in rheumatic 
disease. 

IIF SABC 

+ Total + Total 

Rheumatic disease 37 38 37 1 38 
Controls 8 5 13 2 11 13 
Total 45 6 51 39 12 51 

Sensitivity 37/38 x 100 97% 37/38 x 100 97% 
Specificity , 5/13 x 100 38% 11/13 x 100 = 85% 
Predictive value 37/45 x 100 = 82% 37/39 x 100 = 95% 

Table 3. ANA results in different disease categories 

Diagnosis No. +ve -ve % (+ve) 

SLE 25 25 0 100% 
SS 10 10 0 100% 
SCL 4 4 0 100% 
CLE 8 8 0 100% 
SLE/TP 10 10 0 100% 
MCTD 14 13 1 93% 
RA 9 6 3 67% 

ANA performed by SABC method, with serum screening 
dilution of 1/10. 

In respect of nuclear staining 
patterns, the nucleolar pattern was 
observed with SABC but not with the 
IIF technique. Pretreatment of the 
HEp-2 cells with RNase A (l g/ml) 
prior to fixation abolished the nucleo­
lar pattern, confirming that the nucleo­
lar staining was specific for RNA. 
The nucleolar pattern could be 
readily demonstrated by IIF, however, 
if cells were fixed in acetone instead 
of ethanol. 

Clinical assessment of ANA results 
usingSABC 

Table 3 shows the proportion 

Table 4. ANA result in rheumatic and non-rheumatic 
disease 

Disease + Total 

Rheumatic disease 76 4 80 
Non-rheumatic disease 2 18 20 
Total 78 22 100 

Sensitivity 76/80 x 100=95% 
Specificity 18/20 x 100=90% 
Predictive value 76/78 x 100=97% 

ANA performed by SABC method, with serum screening 
dilution of 1/10. 
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of patients in each category of rheu­
matic disease who were ANA positive. 
In most groups positivity was 100070 
and the lowest proportion was 67070 
in RA. Table 4 summarises the ANA 
positivity in the broad groups of 
rheumatic and non-rheumatic diseases 
showing that the assay gives high 
sensitivity (95070) and specificity 
(90070) and a very high positive pre­
dictive value (97070). 

Six nuclear staining patterns 
were observed, namely, homogeneous, 
rim, fine speckled, coarse speckled, 
nucleolar and centromeric (ANA 
reference sera from CDC, Atlanta 
tested in parallel showed the appro­
priate patterns for each sera.) 

Fine speckled and coarse spec­
kled were the predominant patterns. 
The rim and homogeneous patterns 
never occurred singly and mixed 
patterns were commonly found. 
The components of a mixed pattern 
would often titre out at different 
dilutions in which case the highest 
titre was recorded as the ANA titre. 
Mixed patterns were commonly found 
in SLE and MCTD. The rim pattern 
was significantly associated with 
these subgroups (P < 0.05) and 
mixed patterns of three components 
were seen in these two subgroups. 
The rim pattern always had a lower 
titre (10-250) than its associated 
pattern(s). 

A mixed nucleolar/homogeneous 
pattern was only observed in Scl 
(P < 0.01). Nucleolar patterns were 
observed in 317 cases of SLE with 
TP at higher titres (> 50) while low 
titre (l0-50) nucleolar patterns were 
also seen in non-rheumatic diseases. 

ANA titres were generally higher 
in SS than in the other rheumatic 
diseases (P < 0.(01) being> 6,250 in 
all 6 SS patients studied. 

Correlation with clinical activity 

Generally speaking the ANA 
patterns, whether single or mixed, 
were not correlated with levels of 
disease activity (Fig. 1). However, 
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Fig. 1 Association of ANA patterns and disease activity 

scores in MCTD (n = 13). Sf, fine speckled : s:-, 
scores speckled: N, nucleolar : R, rim. 

Table 5. Sequential changes in patterns and titres of paired 

consecutive sera from individual patient with SLE 

Titre Pattern Score 

1st 2nd 1st 2nd 1st 2nd 

RiSing 50 
250 

1250 
156260 

Sf 
Sc 

Rio'In 

Sc 
2 
3 

2 
3 

Steady 1250 

6250 
6250 

31250 
31250 

1250 

6250 
6250 

31250 
31250 

R/H 
R/Sf 
R/Sf/N 
Sf 

Sf 

Sf/N 

R/Sf/N 
SC 
SC 

Sf 

3 
2 
3 

3 
2 

1 
1 

2 
2 

Falling 250 
1250 
6250 

31250 

-ve 
250 

1250 
6250 

N 
R/Sf 
R/Sf 
R/Sf/N 

-ve 
N/H 
N/H 
R/Sf 

2 
2 
2 
3 

0 
0 
0 

Remarks: Sf: fine speckled; Sc: coarse speckled 

H: homogeneous; N: nucleolar; R: rim 
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Iin MCTD, inactivity of the myositis and not with IIF was unexpected. geneous pattern in 2 of 4 patients 
component was associated with the The difference was shown to be related with Scl and this association with I 
coarse speckled ANA pattern, and to the method of fixation: using IIF ScI supports the finding of Kallenberg i 
the speckled/nucleolar pattern. 

A wide range of ANA titres 
was seen for each activity score, so 
that the mean log titres for each 
score showed little difference. Eleven 
pairs of sera from patients with SLE 
were analysed, the mean duration 
between first and second sera being 
6 months. The two sera of each pair 
were always tested at the same time. 
The findings are summarised in 
Table 5. A lower titre in the second 
serum always corresponded to de­
creased clinical activity. Unchanged 
titres corresponded to decreased or 
unchanged clinical activity score. 
Two sera which showed increased 
titres corresponded to no change in 
clinical score. Thus, although titre 
changes did not strictly correlate 
with clinical activity, there was no 
gross discordance between the two. 

Ten patients with SLE who 
died during the course of the study and 
who might have represented a poor 
prognosis group were compared with 
25 other SLE patients. No significant 
difference was found in terms of ANA 
patterns or titres. 

DISCUSSION 

In both IIF and SABC it is 
essential to maximise the ratio of 
specific staining intensity to non­
specific background staining inten­
sity ("signal to noise ratio"). In the 
SABC method used in this study, 
blockage of endogenous enzyme 
activity was not necessary because 
endogenous peroxidase activity in 
the HEp-2 cells was low, while pre­
treatment with normal sheep serum 
was necessary to block tissue ligands 
with affinity for the labelled sheep 
immunoglobulin. Objectively, "signal 
to noise ratio" was higher in SABC 
resulting in superior clarity of ANA 
patterns. 

The finding that test sera showed 
the nucleolar pattern with SABC 

on HEp-2 cells fixed in acetone, 
the nucleolar pattern was readily 
demonstrable by both clinical samples 
and the CDC reference serum. 

Titres by the two techniques 
correlated fairly well (r = 0.62), the 
correlation coefficient being a little 
lower than in a similar study by 
Fritzler et al (r = 0.77). 18 With res­
pect to rheuamtic diseases, the' two 
methods had the same diagnostic 
sensitivity (95070) but specificity and 
predictive value were higher using 
SABC. 

The ANA test performed on 
HEp-2 cells has a higher sensitivity 
than ANA done on rodent tissue 
substrates. Moreover recent ex­
perience in Hong Kong, using IF on 
HEp-2 substrate in testing a large 
series of well documented SLE cases, 
has confirmed the very high sensitivity 
for SLE (98070). However, specificity 
and predictive value for SLE are 
low, so the test must be used essen­
tially as a screening test for this 
disease. 

Previous studies have shown 
that ANA negative SLE (as detected 
on rodent tissues) is characterised by 
cutaneous involvement, arthritis 
and a mild form of renal disease. 19 

In this series, all patients with CLE 
had a positive ANA, suggesting that 
HEp-2 cells may be a better substrate 
to detect ANA in this disease subset. 

This study has confirmed our 
experience that the recognition of 
ANA nuclear staining patterns is of 
only limited value in diagnosis, prog­
nosis or assessment of disease activity. 
An exception is the centromere pattern 
of staining which is known to be 
specific for Scl and the CREST syn­
drome. The association of rim or 
rim/homogeneous patterns with 
SLE has been previously reported. 10,11 

In our present study the rim pattern 
was associated with SLE and MCTD. 
We observed the nucleolar/homo­

et al. 12 The coarse speckled pattern 
had a higher frequency in SLE having 
clinical scores of 2 and 3, and may I 
indicate higher disease activity. In !, 
MCTD the speckled (coarse or fine)/ !,. 
nucleolar pattern was associated with 
inactive myositis (Fig. 1). The mean 
log titres were found to increase with I
activity score in SLE (but not in 
MCTD or SS); this was similar to Ithe finding of Husain. 20 However, 
a wide range of titres was observed 
at each level of activity so the titre 
of any single specimen was of little 
help in assessing disease activity. I 
The possible correlation of ANA 
titres with disease activity in SLE 
has been a matter of controversy, 21-24 I 
but it is now generally recognised t 
that the initial ANA titre is of little I 

prognostic value. In the present study 
a falling or steady titre corresponded 
to alleviation of disease. To a large I

~extent the problem lies with the in­
herent lack of precision of the ANA 
assay as usually performed on a single 
substrate and the result expressed 
simply as a titre. Both test precision 
and concordance between laboratories 
can be greatly improved by using 
an international reference standard 
to create a standard curve for each 
assay and expressing the results in 
units. 25 

In conclusion, the SABC tech­
nique, in comparison with IIF, gave 
superior clarity of ANA nuclear 
staining patterns, higher specificity 
and predictive value for rheumatic 
diseases, and better reproducibility. 
Titres by the two techniques correlated 
well. SABC had the added advantage 
that slides could be stored for long 
periods. The important drawbacks 
of SABC were its higher reagent 
cost (five times more than IIF) and 
the longer processing time required 
(one hour more than IIF). 

ACKNOWLEDGEMENTS 

We are indebted to Miss K.L. 



24 CHEN, ET AL. 

Chan and Miss Y.M. Lo for their 
expert technical help and to Miss 
Josephine Chan and Miss Rose Cheng 
for typing the manuscript. This 
study was partly supported by a grant 
from the Bank of America to R.Y.L.C. 

REFERENCES 

J. 	 Coons AH, Creech HJ, Jones RN. Im­
munological properties of an antibody 
containing a fluorescent group. Proc 
Soc Bioi Med 1941; 47: 200-2. 

2. 	 Holborow ED, Weir D, Johnson GD. A 
serum factor in lupus erythematosus 
with affinity for tissue nuclei. Br Med 
J 1957; 2: 723-34. 

3. 	 Kozin F, Maralyn F, Koethe SM. A 
comparison of the sensitivities and 
specificities of different substrates for 
the fluorescent antinuclear antibody 
test. Am J Clin Pathol 1980; 74 : 785-90. 

4. 	 Lipscomb ME, Cope D, Stephens GL, 
Deng JS, Gilliam IN. Comparison of 
substrates for the detection of antinuclear 
antibodies in normals and in patients 
with connective tissue and other diseases. 
Diag Immunol1984; 2: 181-7. 

5. 	 Arroyave CM, Arroyave ME. Different 
positivity of anti-nuclear antibodies 
by using mouse kidney or HEp-2 cells 
as substrate. Bol Moo Hosp Infant Mex 
1986; 43 : 478-81. 

6. 	 Benson MD, Cohen AS. Antinuclear 
antibodies in SLE. Detection with 
Horseradish-Peroxidase-conjugated 
antibody. Ann Int Med 1970; 73: 943-9. 

7. 	 Dorling J, Johnson GD, Webb JA, Smith 
ME. Use of peroxidase-conjugated 
antiglobulin as an alternative to immu­
nofluorescence for the detection of 
antinuclear factor in serum. J C1in 
Patho11971; 24: 501-5. 

8. 	 Fritzler MJ, Kinsella TD. The crest syn­
drome: a distinct serologic entity and 
anti-centromere antibodies. Am J Med 
1980; 69: 520-6. 

9. 	 Tipping PG, Dimech WJ, Littlejohn 
GO, Holdsworth SR. Comparison of 
immunofluorescence and immuno­
peroxidase for demonstration of anti­
nuclear antibodies in HEp-2 substrates. 
Br J Rheuamtol 1987; 26 : 188-92. 

10. 	 Gonzalez EN, Rothfield NF. Immuno­
globulin class and pattern of nuclear 
fluorescence in systemic lupus erythe­
matosus. New Eng J Med 1966; 274 : 
1333-8. 

I J. 	 Parker MO, Kerby GP. Combined titre 
and fluorescent pattern of IgG anti­

nuclear antibodies using cultured cell 
monolayers in evaluating connective 
tissue diseases. Ann Rheum Dis 1974; 
33: 465-72. 

12. 	 Kallenberg CGM, Pastoor GW, Wouda 
AA. Antinuclear antibodies in patients 
with Raynaud's phenomenon : clinical 
significance of anti- centromere anti­
bodies. Ann Rheum Dis 1982; 41 : 382-7. 

13. 	 Hall WC, WArd JM. A comparison of 

the avidin-biotin-peroxidase complex 
(ABC) and peroxidase-anti-peroxidase 
(PAP) immunocytochemical techn;ques 
for demonstrating Sendai Virus infection 
in fixed tissue specimens. Lab Anim Sci 
1984; 34: 261-3. 

14. 	 Wood GS, Warnke R. Suppression of 
endogenous avidin-binding activity in 
tissue and its relevance to biotin-avidin 
detection system. J Histochem Cytochem 
1981; 29: 1196-204. 

15. 	 Zhang NZ, HVDW. Epidemiology of 
systemic lupus erythematosus (SLE) in 
China. In : Proceedings of the Second 
International Conference on SLE. Sin­
gapore : Professional Postgraduate 

Services, International, 1989; 29-3J. 

16. 	 Yeung CK, Wong KL, Wong WS, Chan 
KH. Beta 2-microglobin and systemic 
lupus erythematosus. J Rheumatol 1986; 
13 : 1053-58. 

17. 	 Fleiss JL. The measurement of inter-rater 
agreement. In : Fleiss JL ed. Statistical 
methods for rates and proportions. 
New York: John Wiley and Sons, 1981; 
211. 

18. 	 Fritzler MJ, Wall W, Gohill J, Kinsella 
TO, Humbel RL. The detection of auto­
antibodies on HEp-2 cells using an 
indirect immunoperoxidase kit [color­
zyme). Diag Immunol 1986; 4 : 217-21. 

19. 	 Gladman ~O, Chalmers A, Urowity 
MB. Systemic Lupus Erythematosus 
with negative LE cells and antinuclear 
factor. J Rheumatol1978; 5: 142-7. 

20. 	 Husain M, Neff J, Daily E. Townsend 
J, Lucas F. Antinuclear antibodies: 
clinical significance of titers and fluo­
rescence patterns. Am J Clin Palhoi 1974; 
61 : 59-64. 

21. 	 Ritchie RF. The clinical significance of 
titered antinuclear antibodies. Arthritis 
Rheum 1967; 10: 544-52. 

22. 	 Lange A. Antinuclear antibodies in 
some internal diseases, especially auto­
immunization diseases. Arch Immunol 
Ther Exp 1972; 20: 209-26. 

23. 	 Carpenter RR, Sturgill BC. The course 
ofSLE. J Chrom Dis 1966; 19: 117-31. 

24. 	 Isenberg DA, Shoenfeld y. Sheartz RS. 
Multiple serologic reactions and their 
relationship to clinical activity in SLE. 
Arthritis Rheum 1984; 27: 132-8. 

25. 	 Hollingsworth PN, Bonifacio E and 
Dawkins RL. Use of a standard curve 
improves precision and concordance of 
antinuclear antibody measurement. J 
Clin Lab Immunol 1987; 22 : 249-55. 


