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Summary 

Increased leukocyte migration inhibition factor (LIF) produc- 
tion by coeliac patients' lymphocytes is a reliable immunologic test 
for gluten-sensitive coeliac disease providing the small peptide 
subfractions of gluten are used as  mitogens. T o  investigate dis- 
crepancies in results obtained in various published studies, subfrac- 
tions (B2 and B3) of crude gluten peptic tryptic digest [Frazer's 
fraction 111 (F3)) were used singly and in combination as  mitogens 
in coeliac patients and compared in various doses with F3. There 
was significant increased production of LIF with B2 or B3 when 
tested separately as  compared to a mixture of B2 f 8 3  or to F3. 
LIF production with B2 or B3 was 23.7 f 6.9%; with B2 + B3, it 
was 10.65 + 14.7% (t = 4.05, P < 0.0005); and with F3, it was 9.2 
+ 10.2% (t = 5.8; P < 0.0005). There was no difference in the 
response between B2 + B3 and F3 (t = 0.4; P = 0.32). Studies of 
LIF production following stimulation by various doses and com- 
binations of gluten mitogens in the same patient gave the best 
results with B2 or B3 in 10 pg doses, with a tendency to less LIF 
production with higher dosages or combinations of B2 + B3 or F3, 
even to abolition of LIF production in some coeliac cases. The 
LIF assay is a reliable immunologic test for gluten sensitivity, 
providing the B2 or B3 subfractions are used as  mitogens. 

Speculation 

It is speculated that subfractioning of Frazer's fraction 111 of a 
peptic tryptic digest of gluten into smaller peptides which are used 
a s  mitogens allows for the detection of an increased number of 
immunogenic sites on mononuclear cells. When these small frac- 
tions, B2 and B3, are used as  mitogens, lymphocytes from cases 
of coeliac disease produce increased amounts of leukocyte migra- 
tion inhibition factor. Mixing these antigens diminishes leukocyte 
migration inhibition factor production, probably due to masking of 
antigenic sites. 

The diagnosis of coeliac disease, which in children is a common 
malabsorbtion syndrome caused by intestinal sensitivity to gluten, 
usually requires repeated small bowel biopsies in addition to a 
battery of other biologic and biochemical tests (4). The first biopsy 
is performed while the patient is symptomatic and consuming a 
regular diet. It is repeated after a period of gluten-free diet when 
symptoms have abated, and a third biopsy is done after rechallenge 
with gluten. While searching for more specific tests to obviate the 
need for these repetitive invasive biopsies, we demonstrated that 
peripheral blood lymphocytes from 95% of coeliac patients tested 
responded to stimulation with gluten subfractions by producing 
increased amounts of leukocyte migration inhibition factor (LIF) 
(1). This finding was contrary to that of Bullen and Losowsky (3) 
who found that only 40% of their patients responded to a crude 
gluten peptic tryptic digest, Frazer's fraction 111 (F3). To  try to 
resolve this discrepancy, we compared LIF production in coeliac 

patients and normal individuals in response to stimulation with 
the individual gluten subfractions B2 and B3 with the response to 
various mixtures of these two subfractions as well as with the 
original F3 fraction. 

MATERIALS A N D  METHODS 

Studies were made on two test groups. Group 1 was comprised 
of 28 biopsy-proven coeliac patients of whom 9 were on regular 
diet during the investigation, 14 were on a strict gluten-free diet. 
and 5 occasionally consumed gluten. The patients (15 male and 
13 female) ranged in age from 6 months to 17 years. 

Group 2 was comprised of 9 normal children and adults selected 
from the staff or from patients undergoing minor elective surgical 
interventions or admitted for observation after minor trauma. To 
all participants, the purpose of the blood examination was ex- 
plained, and informed consent was then obtained. 

F3 (29 g) derived from 200 g of gluten (Sigma Chemical Co.. 
St. Louis, MO) was divided into four subfractions by dialysis 
against distilled water for 3 days with water changes every 24 hr 
and then refractionated on a Sephadex (3-50 column according to 
the method of Sikora er al. (9). The eluate consisted of four 
subfractions [BI (3 g). B2 (7.3 g), B3 (2 g). and B4 (4.8 g)] for a 
total amount of 17.1 g. The activity of each fraction was tested 
using lymphocytes from coeliac patients in the LIF assay; F3 and 
the subfractions B2 and B3 which elicited good LIF responses 
were subsequently used either separately or in combination in the 
assay. 

LIF ASSAY 

Peripheral blood leukocytes were separated on Ficoll-lsopaque 
gradients (Lymphoprep, Nyegaard & Co.. A/S, Oslo, Norway) as 
described by Boyum (2). Patients' lymphocytes were collected 
from the interphase, and their polymorphonuclear leukocytes were 
collected from the bottom phase of the gradient tube. Lympho- 
cytes ( 1  x 10" were mixed with 3 x 1 0 ~ 0 1 y m o r ~ h o n u c l e a r  
leukocytes and centrifuged for 5 min at 1500 rpm, and the 
supernatant fluid was removed. The cells were resuspended in 
0.075 ml of M 199 medium containing penicillin ( 100 units/ml). 
streptomycin (100 pg/ml). and 0.2% agarose (Seakem-MGI 
Biomedical Division of Marine Colloids Inc.). 

In each case, two 10-p1 drops of the agarose-cell suspension 
were placed over each of four separate 10-p1 drops of 0.8% gelled 
agarose in a 5-cm plastic Petri dish (Nunc, Denmark) as previously 
described (5). Four to six Petri dishes were prepared in this way 
for each lymphocyte assay according to the experimental design. 
To  the first Petri dish, phytohemagglutinin (8 pg/ml; PHA Bur- 
roughs-Wellcome, England) was added, to the second, fraction B2 
(10 pg/ml) was added, to the third, fraction B3 (10 pg/ml) was 
added, to the fourth, 5 pg of B2 + 5 pg of B3 or 10 pg of B2 + 10 
pg of 8 3  were added, to the fifth, 50 pg of F3 were added, and the 
sixth received no antigens (control). In some experiments, other 
combinations of subfractions were used. ranging from 2.5 to 50 
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pg, as  well as 100 pg and 200 pg of F3. Each dish was covered 
with 2 ml of MI99 medium supplemented with the antigens as 
specified above with antibiotics and 10% fetal calf serum (Grand 
Island Biological Co.) and then incubated at 37°C under 5% CO2 
for 24 hr (5, 6). 

Normally, leukocytes migrate out of the agarose droplet which 
has a defined edge into the medium, and within 24 hr, migration 
in the range of 250 to 400 micrometric unit is achieved. Migration 
was measured with an inverted microscope equipped with an 
ocular micrometric scale. Eight measurements were averaged from 
the edge of the two most suitable agarose droplets to the front line 
of migration in four quadrants of each drop. Percentage of migra- 
tion inhibition was calculated as follows 

migration in test case (with antigen) 

migration in control (without antigen) 
) x 100 

Migration inhibition of more than 15% was regarded as a positive 
response. 

C O E L I A C  N O R M A L  

RESULTS 

Preliminary experiments with the four fractions recovered after 
Sephadex G-50 chromatography showed that that neither fraction 
BI nor B4 inhibited cell migration (3.7 and 6.4% inhibition, 
respectively) when tested on 5 coeliac patients. On  the other hand, 
fractions B2 and B3 actively stimulated LIF production (22.4 and 
23.4% inhibition, respectively). All functions were tested on the 
same patient in 10 pg amounts. 

The response of lymphocytes from the 28 coeliac patients and 
9 controls to fractions 8 2  and B3 separately compared to a mixture 
of B2 + B3 as well as the original fraction F3 may be see in Figure 
I. There was a significant difference in LIF production with 
fraction B2 or B3; the highest response is recorded in the first 
column of Figure I tested separately as compared with LIF 
production by a mixture of B2 + B3 or with F3. The mean 
percentage of migration inhibition of leukocytes from coeliac 
patients with B2 or B3 (using the highest figure of the two) was 
23.7% (S.D., &6.9%; S.E., +1.3%); with B2 + B3, it was 10.65% 
(S.D., &14.7%; S.E., +2.8%); with F3, it was 9.2% (S.D., +10.2% 
S.E., *2.1%). 

Statistical analysis of B2 or B3 as compared with B2 + B3 
showed t = 4.05; P < 0.0005; B2 or B3 as compared with F3 
showed t = 5.8; P < 0.0005, whereas no statistical significance was 
observed between the response of B2 + B3 as compared with F3 
(t = 0.4; P = 0.32). 

In Figure 1, the connecting lines show an unusual response in 
4 patients. One patient had a higher response to the B2 + B3 
mixture as well as to fraction F3. Two other patients had higher 
response to F3 than to fractions B2 or B3. In one patient, the 
response was negative to B2 + B3 and positive to F3. The normal 
controls did not show any positive response to B2 or B3 or any 
response to B3 + B3 and F3. 

The response of lymphocytes from coeliac patients to fractions 
B2 and B3 in amounts from 5 to 50 pg is shown in Figure 2. The 

Fig. I. LIF production by lymphocytes in coeliac patients and normal 
controls after stimulation by B2 or B3 subfractions of gluten or a combi- 
nation of B2 + B3 or F3. Shadowed areas, mean f I S.D. Connecting lines, 
unusual responses in four patients. Column 3 contains only 25 patients 
because in three patients the F3 assay was not performed for technical 
reasons. 

Fig. 2. LIF production by lymphocytes of 3 coeliac patients after 
stimulation by 5, 10, 15, 20, and 50 pg of fractions 82 and B3. 0, 0, A, 
response to B2; @,a A, response to 83. . . . ., mean of B2; ----, mean of 
B3; . 0 ,  mean of B2 and B3. 

Table I .  Percentage of LIF from 7 coeliac patients using 10 pg of B2 or B3 and varying -. - -- amounts of B2 + - B3 and F3 as mitogens -. . - 

Patient (% inhibition) 
Mito- Amount 
gens (Pi?) I 2 3 4 5 6 7 

B2 10 27 16 20 33 22 18 29 
83 10 35 16 2 1 19 15 14 I - 

B2 + B3 5 + 5 15 0 19 13 16 9 24 
B2 + B3 2.5 + 7.5 10 0 - - - - - 

B2 + 83 7.5 + 2.5 18 0 - - - - - 

B2 + B3 10 + 10 12 9 I I I 15 - - 

B2 + B3 20 + 20 0 - - - - - - 

F3 50 2 1 0 28 28 0 16 2 1 
F3 200 I I 0 3 0 25 20 - 

' -. not done. 



778 ASHKENAZI ET AL. 

trend with both fractions B2 and B3 is similar, enhancement of 
LIF production by increasing the amount from 5 to 10 pg with a 
tendency to decreased activity with 20 and 50 pg. 

Table I shows results of experiments with combinations of B2 
and B3 on the same patient. The highest migration inhibition was 
obtained with fractions B2 and B3 tested separately (27% and 
35%. respectively, in patient 1).  Increasing ~oncent r~ t ions  of the 
two fractions in various combinations reduced the response until 
it was zero at 20 pg each of B2 + B3. With lymphocytes from the 
second patient, a weaker reaction was obtained throughout, and 
all combinations of B2 + B3 totalling 10 pg or more completely 
abolished the response. Increasing the amount of F3 from 50 to 
200 pg decreased the response of the lymphocytes from patients 1 
and 3. In patient 6. the best response was obtained with 200 pg of 
F3. In patients 3 and 4, the response to F3 was more pronounced 
than the response of the fractions. By increasing the amount of F3 
from 50 pg to 200 pg in patient 3. the response was abolished. 

DISCUSSION 

We have previously shown that the LIF assay is a reliable test 
for the diagnosis of coeliac disease in pediatric patients (I). Studies 
using the action of fractions of gluten on peripheral blood lym- 
phocytes and measuring the effect of the stimulation by the 
increase of thymidine uptake were reported (8, 9). Our results 
confirm the above findings ( I )  in a different immunologic assay 
system. The test has proved to be positive in 95% of the patients 
examined. In the present report, we have tried to elucidate the 
discrepancy between our results and those of Bullen and Losowsky 
(3). 

It seems that by increasing the mitogen dosage of the subfrac- 
tions of gluten above a certain optimum in this assay, a decrease 
of the LIF response may be obtained in cases with cbeliac disease 
(Fig. 2). 

When combinations of B2 + B3 were examined and kept within 
the limit of 10 pg total amount, decreased inhibition of migration 
was demonstrated as c o m ~ a r e d  with B2 and B3 tested se~aratelv 

positive results in 95% of our pediatric patients (I).  In this first 
study (I), we had a group of 12 children with gastrointestinal 
complaints, and the two "false" positive cases were children with 
history of diarrhea but with normal gastrointestinal mucosa. It is 
very important to follow and examine big groups of children with 
diarrhea to see what their response to fractions of gluten is going 
to be. 

It seems that the results of these experiments can explain the 
discrepancies in various reported studids attempting to develop a 
s~ecific. measurable, and re~roducible immunolo~ic test in coeliac 

.2 

disease using the stimulatory effect on lymphocytes of various 
gluten fractions. It seems too that fractionation of F3 into small 
peptides uncovers immunogenic sites, which are again masked by 
remixing of these fractions. We are trying to elucidate the mech- 
anism of the interaction between the peptides present in the gluten 
fractions by purification and characterization of the active sub- 
stances influencing both the lymphocytes and the intestinal mu- 
cosa of coeliac patients. 

The LIF assay used in this manner is thus a useful procedure 
for the diagnosis of gluten-sensitive enteropathy. The antigens to 
be used for stimulation of the lymphocytes should be the small 
subfractions B2 and B3 of the peptic tryptic digest of F3. 
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