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Lymphoblastic response to autologous colon
epithelial cells in ulcerative colitis in vitro
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SUMMARY The blastic transformation in vitro of peripheral blood lymphocytes was measured by the
72-hour uptake of tritiated thymidine (3H-6-thymidine) in 23 patients with mucosal ulcerative
colitis, three patients with acute Crohn's colitis with rectal involvement, and seven normal subjects.
The 23 patients with ulcerative colitis were subdivided into three groups, graded according to severity
into seven with acute, severe, nine with active, chronic, and seven with quiescent disease.

In the control cultures of lymphocytes without any added potential stimulant the uptake of
3H-6-thymidine in the clinical subgroup of seven patients with acute, severe ulcerative colitis was

significantly greater than in seven normal subjects (P<001). This contrasted with a reduced up-
take of 3H-6-thymidine by lymphocytes from seven patients with acute severe colitis when com-
pared with seven normal subjects after stimulation with phytohaemagglutinin-P (PHA-P)
(P < 0.01).

In further duplicate cultures of lymphocytes specifically stimulated by an equal number of viable
autologous rectal epithelial cells, the uptake of 3H-6-thymidine was significantly greater in seven

patients with acute severe colitis when compared with seven normal subjects (P< 0.01). The results
in three patients with acute Crohn's colitis with rectal involvement showed no such evidence of
lymphocyte sensitivity to autologous rectal epithelial cells and their uptake of 3H-6-thymidine lay
within the normal range.

Evidence that the degree of lymphoblastic transformation was related to the clinical severity of
ulcerative colitis was provided by the results obtained in the unstimulated and epithelial cell stimu-
lant cultures. The uptake of 3H-6-thymidine was directly related to the clinical severity of ulcerative
colitis in the three subgroups studied.

In addition, four of the seven patients with acute severe colitis were studied later in clinical remis-
sion. They were then found to have a significantly reduced uptake of 3H-6-thymidine in response to
autologous rectal epithelial cells (P < 0.01).

In the normal cellular immune response blastic
transformation of thymically directed lymphocytes
is an important component of the process of
recognition of certain antigens by the host. This
transformation leads to the production of a group of
effector cells which mediate a specific response
against that antigen (Roitt, Greaves, Torrigiani,
Brostoff, and Playfair, 1969). Lymphocytes from
patients with ulcerative colitis have been found to
damage autologous colon epithelial cells in culture
(Shorter, Huizenga, Spencer, Aas, and Guy,
1972; Watson, Quigley, and Bolt, 1966). Should
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this lymphocytotoxicity represent an abnormal
effector cell response in these patients, then
colon epithelial cells would also be recognized by
autologous lymphocytes by an increased rate of
blastic transformation.

In this study the degree of abnormal autoimmune
responsiveness is measured by the ability of viable
rectal epithelial cells to stimulate blastic trans-
formation in autologous lymphocytes in patients
with ulcerative colitis, Crohn's colitis with rectal
involvement, and in normal subjects. Transformation
is measured by the 72-hour uptake of tritiated
thymidine by peripheral blood lymphocytes (Ling,
1968).
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Patients and Methods

Twenty-three patients with mucosal ulcerative
colitis were studied. These patients were subdivided
on clinical grounds into seven inpatients with acute
severe ulcerative colitis, nine patients with chronic
active colitis, and seven patients with colitis in
remission. The severity of ulcerative colitis was
clinically assessed by sigmoidoscopic appearance and
clinical state. All patients with ulcerative colitis had
the clinical, radiological, and histological character-
istics of acute non-specific mucosal ulcerative colitis
(Morson, 1969). Three patients with acute Crohn's
colitis with rectal involvement were also studied.
The three patients with active Crohn's colitis had
active rectal involvement, granulomata were shown
histologically and were clinically characteristic of the
disease. The age range of these patients was 19 to
62 years. A group of seven age- and sex-matched
subjects with histologically and clinically normal
colons were studied synchronously where possible
as normal controls.

Fifteen ml blood samples were obtained by vene-
puncture in 1 ml of 5% EDTA. Lymphocytes were
separated from the sample of peripheral blood by a
density gradient method. Two ml lots of blood were
then mixed with 6 ml of sterile normal saline in six
Sin. x #in. siliconized tubes. A layering solution of
Ficoll (Pharmacia), Conray 280 (May and Baker),
and sterile distilled water was then infused through
a polythene tube to lie below the blood-saline
mixture. The tubes were then centrifuged at 1000
rpm for 20 minutes. After centrifugation the lym-
phocytes appeared as a fine band separated from
red cells and polymorphs. The yield of live lympho-
cytes was consistently more than 80% of available
cells with less than 5% red cell and polymorph
contamination. Duplicate cultures of 1 x 106
lymphocytes were set up in five tubes each containing
1 ml of medium 199, with 20% foetal calf serum.
The first tube contained unstimulated lymphocytes
for measurement of spontaneous transformation in
2 ml of culture medium alone. The second, third, and
fourth tubes contained respectively 0.01 ml, 0-002 ml,
and 0.001 ml of phytohaemagglutinin (PHA-P
Bacto-Difco) per ml of culture medium. Maximal
dose response is obtained with 0.01 ml PHA-P/ml
(Mackinney, 1964). The final two tubes were brought
to 2 ml, with 1 ml of 1 x 106 live colonic epithelial
cells in a suspension of medium 199 with 20% foetal
calf serum. The latter were separated from rectal
biopsies by mincing, teasing, and scraping, and
passage through layers of gauze. All cells were
checked for viability by exclusion of 0-1% Trypan
blue, and confirmed to be colonic epithelial cells by
staining and microscopy. All culture tubes contained

penicillin (100 u/ml), streptomycin (100 u/ml),
neomycin (100 u/ml), and polymyxin (200 u/ml).
The cultures were incubated for 56 hours at 37°C

in a humidified atmosphere of 5% CO2 and then
labelled for 16 hours with 2.5 ,uCi of tritiated
thymidine (3H-6-thymidine, 5000 Ci/mM New
England Nuclear). Cultures were then stopped
with cold phosphate-buffered saline, and precipit-
ated with 5% trichloracetic acid. Weak acid-
insoluble DNA was then dissolved by heating in a
water bath to 90°C for 20 minutes. Then a 0O5 ml
sample was added to 10 ml of Brays scintillation
fluid. A Packard Tricarb scintillation counter was
used to measure the uptake of 3H-6-thymidine. The
counts were corrected for background.

Statistics were analysed by Wilcoxon's sum of
ranks test.

Results

UNSTIMULATED LYMPHOBLASTIC RESPONSE
The uptake of 3H-6-thymidine as a measure of
blastic transformation of lymphocytes without
added potential stimulant are shown in figure 1.
Spontaneous uptake of 3H-6-thymidine is seen to
occur in the lymphocytes from normal subjects
(810 ± 150 counts per minute (cpm))1. This uptake
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Fig 1 As a measure of lymphoblastic transformation
in vitro the mean (A) ± SD (vertical bars) of the
uptake of 3H-6-thymidine (cpm x 103) (vertical semi-
log scale) is shown in 23 patients with ulcerative colitis
and seven normal subjects. The uptake of 3H-6-thymidine
is significantly less in normal subjects and in those with
chronic inactive colitis when compared with those patients
with acute severe disease (p < 001).
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is significantly less than found in the peripheral
blood lymphocytes of seven patients with acute
severe ulcerative colitis (2550 ± 1000 cpm) (P< 001).
Also seen in fig 1 is a fall off in blastic transformation
with decreasing severity of disease. The uptake of
3H-6-thymidine in nine patients with chronic active
colitis was 1150 ± 400 cpm and in seven patients
with chronic inactive colitis 750 ± 600 cpm. The
reduction in uptake between acute severe disease and
chronic inactive colitis was significant (p < 001).
The uptake 3H-6-thymidine in three patients with
active Crohn's (granulomatous) colitis was within
the normal range at 970 ± 60 cpm.

NON-SPECIFIC LYMPHOBLASTIC RESPONSE
TO PHA-P
The uptake of 3H-6-thymidine in response to varying
concentration of PHA-P by the lymphocytes from
seven normal subjects and seven patients with acute
severe ulcerative colitis is shown in figure 2. The
significantly greater unstimulated uptake of 8H-6-
thymidine by lymphocytes from patients with acute
severe colitis is shown. This contrasts with the re-
versal to a lower uptake in acute ulcerative colitis
after PHA stimulation of lymphocytes (fig 2).

All concentrations of PHA-P produced signi-
ficantly less stimulation of lymphocytes in acute
severe colitis than in normal subjects (p <001). The
uptake of 3H-6-thymidine in seven patients with
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acute severe colitis to 0.001 ml of PHA was 3050 +
1500 cpm, to 0.002 ml, 4000 ± 2000 cpm, and to
0.01 ml, 5600 ± 3000 cpm. In seven normal subjects
the uptake in cpm to 0.001 ml of PHA was 9600 +
750, to 0.002 ml 14 300 + 1000, and to 0.01 ml 19 700
± 1400.

SPECIFIC LYMPHOBLASTIC RESPONSE
TO AUTOLOGOUS RECTAL EPITHELIAL
CELLS
The results of specific uptake of 3H-6-thymidine
by lymphocytes as a measure of their antigen re-
cognition of autologous rectal epithelial cells is
shown in figure 3. The uptake of 3H-6-thymidine
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Fig 2 The mean ± SD (vertical bars) ofuptake of

'H-6-thymidine in vitro by lymphocytes in seven

patients with acute severe ulcerative colitis and seven
normal subjects in response to the varying concentrations
ofPHA-P shown. In this study the non-specific lympho-
blastic responsiveness is significantly less in acute
severe colitis when compared with normal subjects at all
concentrations ofPHA-P (p< 0.01).

Fig 3 The lymphoblastic response after stimulation
with large intestinal epithelial cells is shown as the
mean ± SD of specific uptake of 3H-6-thymidine by
lymphocytes in 23 patients with ulcerative colitis,
three with acute Crohn's colitis with rectal involvement,
and seven normal subjects. The uptake of 3H-6-thymidine
is significantly less in normal subjects, Crohn's colitis,
and those with chronic inactive ulcerative colitis when
compared with that in patients with acute severe
ulcerative colitis (p < 0.01).

in lymphocytes from seven patients with acute
severe ulcerative colitis was 14900 ± 7000 cpm.
This uptake was significantly greater than found in
seven normal patients at 950 ± 350 cpm (P<0 01).
Figure 3 also shows a decreasing uptake in those with
less severe disease. The uptake in nine patients with
chronic active colitis was 4250 ± 2200 cpm and in
seven patients with chronic inactive colitis it was
1600 ± 1500 cpm. The uptake in acute disease was
significantly greater than found in those patients with
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chronic inactive colitis (p<0.01). Four patients were
also studied later during remission of acute severe
colitis. The uptake during the active phase of their
disease was 14950 ± 950 cpm and significantly
reduced later when in remission at 3200 ± 1250
cpm (P<001).
Again shown in fig 3 the uptake of 3H-6-thymidine

after stimulus with autologous rectal epithelial
cells in three patients with active Crohn's colitis
and rectal involvement was within the normal
range.

Discussion

A proportion of human peripheral blood lympho-
cytes undergo blastic transformation when stimu-
lated in vitro by non-specific mitogens such as PHA
(Ling, 1968). The degree of responsiveness is a non-
specific measure of the functional integrity of the 'T'
lymphocyte as a potential mediator of a cellular
immune response (Ling, 1968; Oppenheim, 1968;
Janossy and Greaves, 1968). Lymphocytes also re-
spond in vitro by blastic transformation antigens to
which the host is specifically sensitized (Ling, 1968).
Such sensitization can also be demonstrated in vivo
by a delayed hypersensitivity skin response to local
injection of the antigen. Whereas the degree of skin
reaction is difficult to measure, the lymphoblastic
response in vitro (Ling, 1968) provides a quantitative
assay of cellular immune sensitivity (Roitt et al,
1969; Valentine, 1971).
Both the delayed hypersensitivity skin response

and lymphoblastic transformation in vitro have
previously been studied in patients with colonic
inflammatory disease (Kirsner, 1970). In contrast
to normal subjects, patients with ulcerative colitis
have been shown to have a delayed hypersensitivity
skin reaction to autologous leucocytes (Watson,
Styler, and Bolt, 1965) and E. coli pretreated colonic
antigen but not to colonic antigen alone (Fink and
Mais, 1968). These and other similar studies are
difficult to interpret, revealing disease-associated
phenomena which are hard to incorporate into an
immunological hypothesis about the cause of
ulcerative colitis. Because adequate control studies
are difficult to set up in the study of human disease,
one cannot imply from such studies that demon-
strated effects prove that the cause of the disease
is immunological (Kronman, 1971; Bloom, 1971).
The part of our study concerned with non-

specific lymphoblastic responsiveness reveals similar
interpretive difficulties. Although the techniques
of measuring lymphoblastic transformation in vitro
give a range of results which can be correlated with
disease severity (fig 1), the lack of immune speci-
ficity for PHA-induced transformation itselfprevents

further interpretation (Valentine, 1971). Factors
which may alter non-specific lymphoblastic respon-
siveness such as immunosuppression or infection
within a patient with ulcerative colitis are difficult to
control.
The varying arithmetical methods of presenting

uptakes of tritiated thymidine also make com-
parison between studies difficult. Most studies relate
mitogen-induced transformation to spontaneous
transformation of unstimulated lymphocytes. We
have expressed results as crude counts per minute
(figs 1 and 2). Patients with acute severe ulcerative
colitis have a significantly higher spontaneous up-
take of tritiated thymidine than is found in normal
controls. The degree of transformation falls off with
decreasing severity of disease (fig 1). It is of interest
that this finding in acute severe ulcerative colitis is
similar to that found in recipients with impending
kidney graft rejection (Hayry, Lindstrom,Virolainen,
Pasternak, and Lindfors, 1972) suggesting that
colonic mucosa in these patients is being rejected in
a similar manner by the host.
The lymphoblastic response to varying concentra-

tions of PHA-P is seen to be significantly less than
in normal controls in figure 2. This depression may,
however, be an artifact because the relatively pure
extraction of small lymphocytes by the density
gradient method tends to exclude larger lympho-
blastic forms undergoing transformation. Therefore
because of the method the real uptake of tritiated
thymidine by 'T' lymphocytes may be artificially
reduced. Using different methods of lymphocyte
separation a number ofworkers have shown normal
PHA-induced lymphoblastic transformation in
patients with active ulcerative colitis. (Hinz,
Perlmann, and Hammarstrom, 1937; Parent, Barrett,
and Wilson, 1971; Aas, Huizenga, Newcomer, and
Shorter, 1972).

Crohn's colitis and ulcerative colitis have dis-
tinctly different clinical patterns in their character-
istic forms. The failure to separate the disease in
immunological terms has provided grounds for
criticism of theories suggesting that ulcerative colitis
is an autoimmune disease (Kronman, 1971).
Attempts have been made to separate these colonic
inflammatory diseases on grounds of different
lymphoblastic responsiveness. Both Parent and his
colleagues (1971) and Asquith and co-workers
(1972) have shown depressed responsiveness in
Crohn's disease but others have shown normal
lymphoblastic transformation (Aas et al, 1972).
The position is further confused by the findings of
Aas and his colleagues (1972) that the spontaneous
uptake of unstimulated lymphocytes is increased in
active Crohn's colitis and normal in ulcerative colitis,
the opposite of the findings in our study. Sachar,
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Taub, Brown, Present, Konelitz, and Janowitz,
(1972) have concluded in a recent study that an in-
trinsic defect in lymphocyte responsiveness is a
common, though not a constant or specific, finding
in patients with both Crohn's disease and ulcerative
colitis.

Lymphoblastic response to a specific antigen to
some extent obviates the need for exhaustive controls
as it represents an immunological reaction establish-
ing host cellular immune sensitivity to that antigen
(Valentine, 1971). In other studies antigenic stimu-
lants have included extracts of foetal colon, diseased
large bowel, normal colon, germ-free rat faeces, and
strains of E. coli. While one group of investigators
(Stefani and Fink, 1967) have reported a decreased
response to various antigens, others have shown
normal responses in patients with active ulcerative
colitis when compared with normal subjects (Hinz
et al, 1967; Parent et al, 1971). In our study, using
viable autologous rectal epithelial cells as a stimulant,
a significantly greater response was found in acute
severe ulcerative colitis when compared with findings
in normal subjects (fig 3). Disease specificity for this
responsiveness is suggested by the lack of signi-
ficant transformation in three patients with classical
Crohn's colitis with rectal involvement. Lympho-
blastic transformation decreased to within the
normal range for those patients with quiescent
ulcerative colitis and was therefore also related to the
clinical severity of the disease process.

We should like to thank Professor J. McK. Watts
Dr J. Hansky, Dr M. Korman, Dr H. Hillman, and
Dr G. Schmidt of the Gastroenterology Unit,
Prince Henry's Hospital, for the opportunity to
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