
Diabetologia (1983) 25:93-96 Diabetologia 
�9 Springer-Verlag t983 

Analysis of Islet Cell Antibodies on Frozen Sections of Human Pancreas 
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Summary. The sensitivity and specificity of the assay for islet 
cell cytoplasmic antibodies in human serum were examined 
using cryostat sections from fresh frozen pancreas. The speci- 
ficity of the assay was close to 100% while the sensitivity was 
40%-98% depending on the pancreas used. Inter-observer 
variation was 12-27%. End-point titres of islet cell antibodies 
varied with the sensitivity of each pancreas. End-point titra- 
tion of the antibodies in two different laboratories using the 
same pancreas was significantly correlated (Spearman test 

p < 0.001). We conclude that a reliable determination of islet 
cell antibody titres in human serum requires careful character- 
ization of the sensitivity and specificity of each pancreas used 
as a source of frozen sections, in the indirect immunofluores- 
cence assay. 

Key words: Islet cell antibodies, indirect immunofluorescence, 
insulin-dependent diabetes, assay reproducibility, assay preci- 
sion. 

Antibodies reactive with determinants  in the cytoplasm 
of  pancreat ic  islet cells are found in many  patients with 
newly diagnosed Type 1 (insulin-dependent) diabetes. 
These islet cell cytoplasmic antibodies (ICA) are detect- 
ed with indirect immunof luorescence  assays on sections 
of  human  blood group 0 pancreas  [1-4]. Several investi- 
gators have studied the prevalence of  islet cell anti- 
bodies  in diabetes [5-9] among  family members  [10-13] 
in correlation with other au to immune  diseases [1, 8, 9, 
11, 14, 15] and their occurrence in the background  pop-  
ulation [15]. Furthermore,  I C A  have been claimed to be 
a marker  of  an ongoing pathological  process in anti- 
body-posi t ive individuals eventually developing Type 1 
diabetes [12]. 

The usefulness of  the ICA assay as a diagnostic test 
remains limited since assay reproducibil i ty and  preci- 
sion have not been defined. Early at tempts to detect 
I C A  were hampered  by  a marked  non-specific fluores- 
cent reaction due to the b lood group of  the pancreas  
donor  [2]. A description of  requirements for the I C A  
fluorescence assay, including choice and storage of  the 
pancreas,  has been publ ished previously [17], but  stan- 
dardized evaluation of  the fluorescent reactions, as well 
as assay reproducibility, precision, and sensitivity re- 
main  to be defined. 

The aim of  the present  study was to examine (1) ti- 
tres and variability of  I C A  determined on sections of  
different h u m a n  pancreat ic  specimens,  (2) the assay re- 

producibil i ty in terms of  both  day- to-day and reader-to- 
reader  variation, and (3) the assay variability between 
two laboratories using the same substrate. 

Subjects and Methods 

Patients 

Plasma was obtained within 15 clays of diagnosis of Type 1 diabetes 
from 10 patients (aged 11-16 years, mean 13 years; six boys and four 
girls). Sera from 10 age- and sex-matched healthy children and nine 
healthy adults were used as controls. No control had a first-degree rel- 
ative with diabetes. Diabetic and control samples were kindly pro- 
vided by J. Ludvigsson, Link6ping, Sweden. In addition, a pool of 
sera from patients with high titres of insulin antibodies was tested. All 
plasma samples were kept frozen during shipment and storage. Con- 
trol experiments with serum and plasma obtained from the same indi- 
vidual and with immunoglobulin purified by polyethyleneglycol 
(12.5%, w/v) precipitation and subsequent standard DEAE-Sepha- 
dex chromatography showed no difference in ICA titres for 10 Type 1 
patients. 

Pancreatic Specimens 

Blood group 0 pancreatic tissue was obtained from two patients un- 
dergoing abdominal surgery not directly involving the pancreas and 
from seven post-mortem kidney donors (Table 1). The kidney donors 
were victims of accidents and did not have any systemic or major vas- 
cular disease. Severe hypotension or multiple crises had not occurred 
in any before removal of the kidneys and pancreas. Ischaemia time 
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Table 1. Sensitivity and specificity of ICA determinations on seven different pancreas 
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Pancreas Age Sex Organ Ischaemia Sensitivity" Specificity b 
(years) retrieval time (rain) 

+/ to ta l  % - / t o t a l  % 

H84 21 F Surgery < 15 239/245 98 (96-99) 189/192 98 (96-100) 
H67 17 M Necropsy < 15 105/110 96 (90-99) 66/ 69 96 (88- 99) 
HP 35 F Surgery < 15 240/255 94 (90-97) 172/178 97 (93- 99) 
H75 7 M Necropsy 110 129/140 92 (86-96) 69/ 69 100 (95-100) 
HS0 29 M Necropsy < 15 138/184 75 (68-81) 77/ 77 100 (95-100) 
H63 63 F Necropsy 70 32/ 43 74 (59-87) 32/ 32 100 (89-100) 
H57 33 M Necropsy 120 12/ 30 40 (23-59) 16/ 16 100 (79-100) 

a Sensitivity of ICA assay is expressed as the number of times a diabetic positive control plasma sample (diluted 1 : 1, 1 : 3, 1 : 9, 1 : 27) was read as 
positive divided by the number of times this sample was tested (+/total) ;  b specificity of ICA assay is expressed as the number of times a nega- 
tive control plasma sample was read as negative divided by the number of times the sample was tested ( - / to ta l ) .  95% confidence limits of the % 
sensitivity and specificity are shown in parentheses 

Table 2. Islet cell cytoplasmic antibody titres in 11 plasma samples tested on seven different pancreas 

Pancreas Plasma sample 

1 2 3 4 5 6 7 8 9 10 11 

H84 neg 1:1 1:27 neg 1:81 1:81 1:81 1:3 1:3 1:1 1:1 
H67 l :1  1:1 1:27 neg 1:27 1:27 1:27 1:3 1:3 1:3 neg 
HP neg 1:1 1:27 neg 1:27 1:27 1:27 1:3 1:3 1:3 neg 
H75 neg 1:1 1 : 9  neg 1 : 9  1:27 1:27 1:1 1:1 1:1 neg 
HS0 neg neg 1 : 9  neg 1:27 1:27 1:27 neg neg neg neg 
H63 neg 1:1 1 : 9  neg 1:27 1:27 1 : 9  1:1 neg neg neg 
H57 neg neg 1 : 3  neg 1 : 9  1 : 9  1 : 3  neg l :1  neg neg 

Plasma samples 1-10 were obtained from newly diagnosed Type 1 diabetic patients without insulin antibodies. Sample 11 is a pool of plasma 
samples from insulin-treated patients with high titres of insulin antibodies 

(i. e. the time from cessation of circulation in the donor until freezing 
the tissue) was kept as short as possible (15-120 min). The pancreases 
were cut into pieces 0.5cm 3, frozen in isopentane ( -160~ and 
stored at - 80 ~ in airtight bags. In addition, pieces of one pancreas 
(HP) were fixed in Bouin's solution and embedded in paraffin. 

Indirect Immunofluorescence Assay 

Paraffin and cryostat sections were cut 3-4 Ixm thick. Cryostat sec- 
tions were air dried at room temperature for 30 rain under a fan. Plas- 
ma or serum samples (30-50 p~l) were pipetted directly onto the sec- 
tion and incubated for 30rain at room temperature in a moist 
chamber. The slides were washed for 3 x 5 rain in phosphate buffered 
saline (pH 7.2) before application of fluorescein isothiocyanate conju- 
gated rabbit anti-human IgG (1:10 dilution, 30-50 gl, Dakopatts, 
Copenhagen, Denmark). The slides were incubated in the dark for 
30 min at room temperature and then washed in phosphate buffered 
saline as above. The sections were finally mounted in 20% glycerol 
buffered with 50 mmol/l Tris HC1 (pH 8.4). 

All plasma samples were tested at least twice both undiluted (1 : 1) 
and diluted in phosphate buffered saline 1 : 3 (33.3%, v /v  plasma), 1 : 9 
(11.1%), 1:27 (3.6%), and 1:81 (1.2%). The sections were evaluated 
using a Zeiss Universal microscope with epi-illumination. 

Evaluation of Fluorescence 

Each preparation was evaluated by two or three investigators who 
were not informed of the identity of the sample, the dilution, or the 
pancreas. Positive and negative control samples, at four different dilu- 
tions, were included randomly in each assay. A sample was consid- 
ered positive if at least three to seven islets in a section showed fluo- 
rescence when viewed at a magnification of X300. If the islet 
fluorescence could not be distinguished from fluorescence in the ex- 

ocrine tissue, the preparation was considered negative. All samples 
were tested twice. A third assay was carried out if investigators scored 
a sample differently within an assay or between the two different as- 
says. 

Inter-laboratory Variation 

Two different laboratories (Gentofte and Delft) used frozen sections 
of pancreas (HP) (Table 1) to investigate 46 plasma samples (37 sam- 
pies from children with Type 1 diabetes and nine adult control sub- 
jects). Both laboratories measured the end-point titration of positive 
results following their own laboratory routines for sectioning, prepa- 
ration of samples, buffers and fluorescent reagents as well as for mi- 
croscopy. The indirect immunofluorescence test was carried out as de- 
scribed above in the Gentofte laboratory, but the following modifica- 
tions occurred in the Delft Laboratory: the samples were tested 
undiluted (1:1), and diluted 1:2 (50% v/v  plasma), 1:4 (25%), 1:8 
(12.5%), and 1:16 (6.25%) in heat-inactivated normal rabbit serum; 
rabbit anti-human IgG FITC (Central Laboratory of the Blood Trans- 
fusion Service, Amsterdam) was diluted 1 : 50 in phosphate buffered 
saline; and the specimens were evaluated in a Leitz orthoplan micro- 
scope with epi-illumination. 

Results 

Specificity and Sensitivity of  lCA Determinations 
on Different Pancreas 

T h e  resu l t s  o f  r e p e a t e d  r e a d i n g s  o f  p l a s m a  s a m p l e s  
f r o m  a n  I C A - p o s i t i v e  d i a b e t i c  s u b j e c t  a n d  a n  I C A - n e g -  

a t ive  n o r m a l  i n d i v i d u a l  o n  s ec t i ons  f r o m  s e v e n  d i f f e r e n t  
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Table 3. Inter-observer variation in evaluating islet cell cytoplasmic 
antibodies 

Observers Plasma Fluorescence readings 
dilution 

Concordant DiscordanP 

BM and AL 1 : 1  636 90 12% (10-15) 
1 : 3 428 61 13% (9-15) 
1 : 9 314 37 11% (8-15) 
1 : 27 212 20 9% (6-13) 

Total 1 590 208 12% (10-13) 
readings 

BM and JN I:  1 376 64 15% (12-18) 
1 : 3  265 44 14% (11-19) 
1 : 9  204 33 14% (10-20) 
1:27 111 40 27% (18-37) 

Total 956 181 16% (14-18) 
readings 

BM, AL, and JN 2935 389 12% (12-15) 

205 different plasma samples from 28 subjects and a positive and neg- 
ative control plasma were assayed 2-40 times on six different pan- 
creas by three independent observers. 
a % discordant fluorescence readings with 95% confidence limits 
interpolated from standard tables of binominal distribution shown 
in parentheses 
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Fig. 1. Variation in the determination of islet cell cytoplasmic anti- 
bodies between two different laboratories. Pancreas HP (Tables 1 and 
2 for details) was used to determine the end-point titre in 37 plasma 
samples from 10 Type 1 diabetic patients and nine samples from 
normal subjects. Correlation by the Spearman's rho test, r~ = 0.908; 
(p < 0.001). All the normal samples were found negative in both labo- 
ratories and are not shown in the figure 

frozen pancreas are shown in Table 1. The sensitivity of 
these pancreas for detection of the ICA-positive plasma 
ranged from 40% to 98%. The variability in sensitivity 
seemed to be influenced both by the age of the donor 
and the period of ischaemia. Thus, one pancreas (H75) 
from a young donor, 7 years old, showed 92% sensitivity 
despite l l 0 m i n  of ischaemia, (H63) was less sensitive 
(74%) and a pancreas from a 33-year old donor with 
120 min of ischaemia (H57) gave only 40% sensitivity in 
the ICA assay. Although the sensitivity of the different 
pancreas in detecting the ICA-positive control plasma 
was quite variable, the probability that a negative con- 
trol plasma sample added randomly among samples in 
every assay would be read as negative (specificity of 
ICA assay) was high for all seven pancreas (Table 1). 

The differing sensitivities of the various pancreas in 
detecting an ICA-positive plasma were reflected in the 
measurement of ICA titres in 11 different diabetic plas- 
ma samples (Table 2). Thus, the listing of pancreatic 
specimens in order of decreasing sensitivity (as deter- 
mined in Table 1) is generally associated with a progres- 
sive decrease in ICA titre in each individual plasma 
sample tested. In contrast, sample 11, which had a high 
level of insulin antibodies (titre 1:9 on Bouin-fixed pan- 
creas (HP)) was mostly negative for ICA on frozen pan- 
creas. 

Inter-observer Variation 

Positive and negative controls were mixed randomly 
with test samples and the fluorescence read as positive 

or negative by three different observers without know- 
ing the identity of the samples (Table 3). The inter-ob- 
server variation (discordance) was 9%-15% except at a 
1 : 27 plasma dilution where two of the observers (BM 
and J N )  w e r e  discordant by 27%. 

Inter-laboratory Variation 

The 1CA titres determined independently by the two 
laboratories correlated well although scored consis- 
tently somewhat lower by one of them (Figure 1). 

Discussion 

Our study demonstrates that the specificity of the ICA 
assay was little influenced by the pancreas used, i.e. 
false positive readings were negligible. However, the 
sensitivity of ICA determinations was markedly depen- 
dent on the pancreas used as the source for the frozen 
tissue sections. Since some pancreatic specimens under- 
estimated the presence of ICA (false negative), it is ad- 
visable to check the sensitivity of all pancreas to be used 
for ICA determinations. This criteria is particularly im- 
portant in long-term prospective analyses of individuals 
susceptible to diabetes. 

Recent observations suggest that circulating ICA 
may precede the onset of diabetes by several years [12, 
14]. Some factors of importance in selecting a suitable 
pancreas were suggested in the present study. Apart 
from the blood group (type 0) [1], the age of the patient 
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and the period of ischaemia appeared to be important, 
more sensitive pancreas being obtained from younger 
donors and/or  after only a short period of ischaemia 
(< 15 rain). Another important variable may be the 
preservation of the pancreas. We have stored our frozen 
pancreatic specimens in airtight bags at - 80 ~ routine- 
ly for more than 1 year without decrease in sensitivity. 
Sera from ten newly diagnosed Type 1 diabetic patients 
showed different degrees of reactivity with frozen sec- 
tions from 7 different pancreas (Table 2). The more sen- 
sitive pancreas clearly distinguished between low and 
high titre ICA-containing plasmas. In accordance with 
recent observations [18-20] the plasmas from the 10 
Type 1 diabetic patients showed little if any reactivity 
with islets in Bouin-fixed sections of the pancreas (HP). 
Although this pancreas was quite sensitive in detecting 
ICA when prepared in frozen sections. 

The end-point titre represents a useful measure of 
circulating islet cell antibodies. Pancreas of high sensi- 
tivity detected ICA in titres of 1 : 27 - 1 : 81 in several of 
the diabetic patients studied. Titration of ICA may be a 
useful approach in defining more accurately the role of 
circulating ICA in diabetes and in testing for correlation 
of the antibodies with clinical characteristics. Lendrum 
et al. [5] found ICA titres to range from 1 : 1 to 1 : 256 
with the geometric mean titre slightly higher at onset 
than after diabetes of long duration. In many studies, ti- 
tres are not reported and there is little or no information 
about reproducibility and precision [21]. Our data dem- 
onstrate that the mean inter-observer variation was 
13%. Also, there was good inter-laboratory agreement 
in ICA titres when the same pancreas and plasma sam- 
ples were used, but all other variables, such as fluores- 
cent antibodies, evaluation, and instrumentation were 
varied. The lower titres scored by one of the laborato- 
ries could be explained by the difference in fluorescent 
antibodies and the fact that dilutions were made in rab- 
bit serum. 

These results indicate that the immunofluorescence 
assay for ICA is applicable quantitatively for testing the 
possible importance of circulating antibodies relative to 
the development or progression of diabetes, provided 
all pancreatic substrates are characterized in terms of 
sensitivity and specificity, and the antibody titre is de- 
termined by end-point titration, preferably by two inde- 
pendent observers. 
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