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Original Article

ABSTRACT

BACKGROUND
Infiltration of IgG4 positive plasma cells has been detected in the colonic mucosa of 

patients with ulcerative colitis (UC). The aim of the study was to investigate the association 
between colonic mucosal infiltration of IgG4 plasma cells and the presence, activity, extension, 
and duration of UC. 

METHODS
In this case-control study (2009-2014), 102 subjects (84 with UC/18 controls) were 

enrolled. Clinical records and rectosigmoid biopsies of UC patients were selected, and 
biopsies were stained with IgG4 monoclonal antibodies. IgG4 positive plasma cells were 
counted by a single pathologist. 

RESULTS
Amongst 84 patients with UC, 73.8% had UC without primary sclerosing cholangitis 

(PSC), and 26.2% had UC with PSC. IgG4 plasma cells were seen in 35 (41.7%) patients 
with UC and 0% of controls (p = 0.001). The mean amount of IgG4 containing plasma 
cells was significantly different between active and inactive patients with UC, although 
it was not significantly different between UC patients with and without PSC. The presence 
of IgG4 infiltration was significantly associated with the extension and duration of the 
disease. Furthermore, IgG4 count had a sensitivity/specificity of 78.6%/83.3% for the 
diagnosis of UC.

CONCLUSION
Our study revealed the diagnostic role of IgG4 plasma cells in the colonic mucosa of 

patients with UC and its association with activity, extension, and duration of disease. 
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INTRODUCTION
Ulcerative colitis (UC) is an inflammatory bowel disease 

(IBD) with a prevalence rate of 63.6 per 100,000 subjects.1 
The incidence rate is also 6 per 100,000 people per year, 
with some geographical differences ranging from 1.4 
million in the United States to 2.2 million in Europe.2,3 
The pathogenesis includes interaction between genetic 
susceptibility, environmental factors, and intestinal 
microflora, which activate an abnormal and excessive 
immune response, epithelial barrier dysfunction, and 
eventually gastrointestinal tract inflammation, and tissue 
damage. UC may affect many organs other than the intestine. 
Extraintestinal manifestations, are reported in 21-47% 
of patients with IBD.4 Autoimmune pancreatitis (AIP) is 
a pancreatic manifestation of a systemic disorder called 
IgG4-related systemic disease. This disorder is charac-
terized by elevated serum levels of IgG4 and sclerosing 
lymphoplasmacytic inflammation reaction in one or 
more organs.5,6 Previous studies have shown a promising 
correlation between autoimmune pancreatitis and IBD. 
Studies have shown patients with IgG4 related disease 
and colitis have an aggressive clinical course and resis-
tance to traditional treatment.7,8 The extent and severity 
of IBD may be increased in patients with concomitant 
IBD and AIP. The IgG4 positive plasma cells on colonic 
biopsies may imply that IBD is an extrapancreatic feature 
of AIP.9,10 The main extracolonic manifestation of UC is 
primary sclerosing cholangitis (PSC). It is assumed that 
immunologically-mediated bile duct destruction is a major 
mechanism for developing PSC. However, the antigen 
that is responsible for immune response and the mecha-
nism by which autoantibodies or abnormally activated 
T cells lead to the clinical presentation of the disease is 
unknown,11-13 In a subgroup of UC patients with PSC, 
the serum IgG4 level has been shown to be elevated, 
and the clinical course of these patients varies compared 
with IgG4 negative patients with PSC.14,15 The role of 
IgG4 containing plasma cells in the pathophysiology of 
patients with IBD, despite these findings,, is unclear, and 
the relationship between the presence of these plasma 
cells and the activity of IBD or concurrent PSC is a mat-
ter of debate. In this study, we evaluated the colonic 
biopsies of patients with UC to assess the association 
between colonic mucosal infiltration of IgG4 secreting 
plasma cells with the presence, activity, extension, and 

duration of ulcerative colitis.

MATERIALS AND METHODS

Patients
In this case-control study, 102 consecutive subjects, 

including 62 cases with merely UC (42 active and 20 
inactive), 22 patients with concomitant UC and PSC 
(11 active, 11 inactive), and 18 controls were enrolled. 
All patients and controls were chosen from those with 
pathological biopsy samples who had undergone 
colonoscopy and biopsy in Imam Khomeini Hospital, 
Tehran, Iran, from April 2009 to September 2014. 
This study was approved by the Institutional Ethics 
Committee of Tehran University of Medical Sciences 
(TUMS). Biological materials (biopsy specimens) 
were provided by the Iran National Tumor Bank, 
which is funded by the Cancer Institute of TUMS, for 
cancer research. All patients with UC were diagnosed 
by clinical, pathological, and endoscopic findings using 
the Mayo Scoring System for Assessment of Ulcerative 
Colitis Activity. Patients with a history of malignancy 
and allergic diseases were excluded. The diagnosis of 
PSC was documented based on laboratory, biopsy, and 
imaging (magnetic resonance cholangiopancreatogra-
phy, MRCP) findings. The control group did not have 
a history of IBD, inflammatory, malignant, or allergic 
diseases. All of the 18 controls had normal colonos-
copy and biopsy. The activity of colitis was defined 
based on histological findings.16,17 Patients’ age, sex, type 
of IBD, endoscopic severity, disease activity, duration 
and extent of disease, and endoscopic findings were 
obtained retrospectively from medical records.

Immunohistochemistry
Formalin-fixed and paraffin-embedded sections 

were obtained then tissue sections were stained with 
monoclonal IgG4 antibody (IgG4 Invitrogen, code: 
MG1042). A single pathologist who was blinded to 
the previous diagnosis reviewed the number of IgG4 
positive plasma cells. IgG4 was considered positive 
if more than 10 IgG4 plasma cells in each high power 
field (HPF) were present (figures 1 & 2).
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Statistical analysis 
All statistical analyses were performed using SPSS 

software (version 18). Descriptive statistics were reported 
as mean ± standard deviation (minimum-maximum) for 
quantitative variables and frequency (percentage) for 
qualitative variables. Bivariate correlation for categorical 
data was determined using Fisher’s exact test and for con-
tinuous data Mann–Whitney U test. Receiver operating char-
acteristic analysis determined the cutoff point and sensitivity 
and specificity of IgG4 for diagnosis of UC from the control 
group, determining disease activity and predicting the 
time of IgG4 positivity in patients with UC. All p values < 
0.05 were considered statistically significant.

RESULTS

Demographic Data
A total of 102 cases (84 [82.4%] UC patients and 18 

(17.6%) controls) were enrolled in our study. Among 84 
patients with UC, 62 (73.8%) had UC without PSC (42 
[67.7%] active & 20 [32.3%] inactive) and 22 (26.2%) 
patients had UC with PSC (11 [50%] active and 11 [50%] 
inactive). Demographic and clinical data are shown in 
table 1.

The male population was predominant in both pa-
tients and control groups. The mean age of the patients 
with UC was 36.71 ± 12.16 (19-69) years, and the mean 
age of the control group was 45.11 ± 15.41 (23-83) years. 
Patients with PSC were slightly younger than patients 
without PSC (35.72 ± 9.49 [23-52] vs. 37.06 ± 13.02 [19-

69] years). The mean duration of disease in patients with 
PSC was longer than patients without PSC (5.63 ± 1.81 
[2-9] vs. 3.12 ± 2.22 [0-10] years). Based on histological 
findings, among patients with active UC, 12 (28.6%) had 
mild colitis, and 30 (71.4%) had moderate or severe coli-
tis. According to endoscopic findings, 24 (28.6%) patients 
had pancolitis, 52 (61.9%) had left-sided colitis, and in 8 
(9.5%) patients, inflammation was limited to the rectum. 
All patients had negative history and laboratory studies 
for AIP.

Tissue IgG4 Immunohistochemistry
Biopsies from patients with UC showed significant 

IgG4 bearing plasma cells infiltration compared with the 
control group, 35 (41.7%) out of 84 patients versus 0 (0%) 
in the control group (Fisher exact p = 0.001) (IgG4 count 
in cases 8.55 ± 10.57 [0-60] vs. 0.33 ± 0.84 [0-3] in the 
controls) (figure1). The chance of having significant IgG4 
infiltration in patients with UC was 1.7 times more than 
the control group (OR: 1.7, 95% CI = 1.43-2.05) (figure 
2). There was also a significant correlation between dis-
ease activity and IgG4 infiltration among patients with 
active and inactive UC (p = 0.001). We did not find any 
relationship between disease severity and IgG4 infiltration 
among patients with mild and moderate to severe active 
UC (p = 0.268). Patients with pancolitis had significant 
IgG4 infiltration (70%) compared with left-sided colitis 
or proctitis (34%) (p = 0. 001). Nine (40%) out of the 22 
patients with UC and PSC had IgG4 count more than 10/
HPF, compared with 26 (41%) out of 62 UC patients with-
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Fig. 1: The photomicrograph shows large intes-
tinal mucosa with distorted crypt architecture 
accompanied by moderate lymphoplasmacytic 
infiltration in lamina propria. H&E 40x

Fig. 2: The figure depicts moderate infiltration 
of IgG4-stained plasma cells in lamina pro-
pria. IgG4 immunostain, 40x
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out PSC, although the difference was not statistically sig-
nificant (p = 0.9331). There was a significant correlation 
between the duration and extension of disease and IgG4 
plasma cell infiltration (p = 0.001). The mean IgG4 count 
was higher in the active PSC_UC group (14.09 ± 9.55 [1-
40]) than in other groups. The mean count of IgG4 was 
12.54 ± 11.64 [0-60] in active UC-non PSC group, 1.3 ± 

2.34 (0-10) in the inactive UC-non PSC group, 1.0 ± 1 (0-
3) in inactive UC-PSC, and 0.33±0.84 (0-3) in the controls. 
The mean number of IgG4 laden plasma cells was higher 
in the active UC and PSC group compared with inactive 
UC patients. This was statistically significant (p = 0.001).

Receiver operating characteristic analysis
On receiver operating characteristic analysis IgG4 
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Fig. 3: A: ROC curve for determining the accuracy of IgG4 count in the diagnosis of patients with ulcerative colitis from the 
control, B: ROC curve for assessing the accuracy of IgG4 count in determining disease activity, C: ROC curve for predicting 
IgG4 positivity during the disease course

Table 1: Demographic and clinical data

Variables UC UC with PSC
N = 22

UC without PSC
N = 62

Control
N = 18

Sex
Male 47 (56%) 14 (63.6%) 33 (53.2%) 10 (55.6%)

Female 37 (44%) 8 (36.4%) 29 (46.8%) 8 (44.4%)

Mean age at colonoscopy 36.71 ± 12.16
(19-69)

35.72 ± 9.49
(23-52)

37.06 ± 13.02
(19-69)

45.11 ± 15.41
(23-83)

Duration of disease 3.78 ± 2.38
(0-10)

5.63 ± 1.81
(2-9)

3.12 ± 2.22
(0-10)

Disease activity
Active 53 (63.1%) 11 (50%) 42 (67.7%)

Inactive 31 (36.9%) 11 (50%) 20 (32.3%)

Degree of inflam-
mation

Mild 12 (28.6%) 1 (100%) 11 (26.8%)

Moderate  to
severe 30 (71.4%) 0 (0%) 30 (73.2%)

Extension of 
disease

Proctitis 8 (9.5%) 1 (4.5%) 7 (11.3%)

Left colitis 52 (61.9%) 13 (59.1%) 39 (62.9%)

Pancolitis 24 (28.6%) 8 (36.4%) 16 (25.8%)

Mean IgG4 count
Mean ± SD(range)
 

Total mean 8.55 ± 10.57
(0-60)

7.54 ± 9.42
(0-40)

8.91 ± 10.99
(0-60)

0.33 ± 0.84 
(0-3)

Active UC 12.86 ± 11.17
(0-60)

14.09 ± 9.55
(1-40)

12.54 ± 11.64
(0-60)

Inactive UC 1.19 ± 1.95
(0-10)

1.0 ± 1
(0-3)

1.3 ± 2.34
(0-10)

*Results are reported as mean ± standard deviation (minimum-maximum) for quantitative variables and frequency (percentage) for qualitative variables. ** UC: Ulcerative colitis, PSC: 
Primary sclerosing cholangitis 
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count had sensitivity and specificity of 78.6% and 
83.3%, respectively, in cutoff point of 0.5 with an area 
under curve of 0.85, 95% CI (0.77-0.92), and p value 
< 0.001 for diagnosis of UC from the control group (figure3). 
Also, it had sensitivity and specificity of 84.9% and 
87.8% in cutoff point of 2.5 with an area under the 
curve of 0.92, 95% CI = 0.87-0.97, and p < 0.001 for 
determining disease activity (figure3). Duration of dis-
ease had a sensitivity of 74.3% with a specificity of 80% 
with a cutoff point of 3.5 years for predicting positivity 
of IgG4 (area under curve = 0.796, 95% CI = 0.70-0.88, 
and p < 0.001) (figure3). 

DISCUSSION
The aim of this retrospective study was to assess the 

colonic mucosal infiltration of IgG4 plasma cells and 
the presence, extension, and activity of UC. Our study 
showed that patients with UC had a significantly higher 
proportion of IgG4 infiltration vs. the control group. Previous 
studies have shown IgG4 infiltration in patients with au-
toimmune pancreatitis and claim that patients with AIP 
had IBD mimicking colitis; however, our subjects did 
not have any signs and symptoms of AIP.18 The immune 
system has a particular role in the pathogenesis of IBD. 
T-helper1 response and its cytokines like IL2, TNFα, and 
interferon γ are predominant in Crohn’s disease. In contrast, 
T-helper 2 response with an increase in IL4, IL5, and 
IL10 is the major response seen in UC.18,19 These cytokines 
also have a significant role in the eosinophilia, elevated 
serum IgG4 and IgE concentrations, and progression of 
fibrosis that are characteristic of IgG4-related disease.5,6,20 
It was postulated that the role of IgG4 infiltration in the 
colonic mucosa of patients with UC is due to concomitant 
AIP, but it seems that IgG4 colonic infiltration is not relevant 
to AIP.  In our study and some similar studies, none of 
the UC patients who had IgG4 infiltration in their colonic 
mucosa had evidence of AIP. Although, our study and 
few other studies have shown significant concentration 
of IgG4 plasma cells in colonic mucosa of patients with UC, 
the specific role of this antibody is yet to be determined.

Moreover, our study showed that IgG4 plasma cell 
infiltration was correlated with duration, extension, and 
activity of UC, but not with the degree of inflammation. 
Our findings were consistent with a study done by Raina 

and colleagues. Moreover, Hartman and co-workers reported 
refractory IBD disease in those with higher IgG4 cells 
infiltration.21 A probable explanation for this association 
is the leaky gut hypothesis. The gut of the gastrointestinal 
tract is exposed to different food antigens and bacteria. 
It seems that food allergens, gut microbiota, and gut immune 
response can change by different food consumption. De-
layed reactions to food are predominately IgG reactions.22 
Among four kinds of IgG, IgG1, and IgG4 are increased 
in allergic reactions, while IgG4 is found in the gut. IgG4 
has blocking action in repeated food antigen exposures 
and IgE production. It acts to decrease the IgE-allergen 
complex.23,24 On the other hand, the long-term IgG4 stim-
ulation can lead to leaky gut or increase gut permeability 
and prolong enterocyte damage and chronic inflammation. 
This allows antigens and bacteria to cross the intestinal 
epithelium and enter the circulation and activate the immune 
system.25,26 Our study shows that IgG4 plasma cell is 
more abundant in active UC and is rarely observed in the 
inactive form; therefore the role of food allergy and its 
related chronic inflammation should be considered in the 
pathogenesis of active UC with regards to the presence of 
IgG4. In our study, those with pancolitis had significantly 
higher IgG4 infiltration compared with those with left 
colitis or proctitis, which was consistent with the findings 
of Virk and colleagues.

The mean amount of IgG4 plasma cells varied between 
previous studies from 7% in Alghamdi 27 study to 38% 
in Virk  study 18 and 41% in ours. This difference could 
be partially explained by different environmental risk 
factors such as diet, microbiota, and geographic variations 
in different study populations. While the result of our 
study showed a sensitivity and specificity of 84.9% and 
87.8% in cutoff point of 2.5 for determining disease activity, 
Raina and colleagues did not find any correlation between 
the number of IgG4 and degree of disease activity in dif-
ferentiating the UC patients with the controls. In addition, 
we found that patients with more than 3.5 years of disease 
duration had more possibility of having IgG4 positive results 
than others with sensitivity and specificity of 74.3% and 
80%, respectively.

It has been shown that serum IgG4 level is elevated in 
about 10% of patients with PSC. These groups of patients 
have distinct clinical courses and corticosteroid responses. 
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There is no documented data showing the presence of 
IgG4 plasma cells on their colonic mucosal biopsies. In 
our study, 40% of patients with PSC had significant 
mucosal infiltration, but their clinical course and treatment 
response were not available to determine whether these 
patients are also good corticosteroid responders or not. 
Furthermore, passing bacteria through the inflamed and 
damaged barrier of the gut to the circulation is a pos-
sible mechanism for developing PSC.13 This mechanism 
is similar to IgG4 related chronic inflammation due to 
food allergens and gut microbiota, which may predispose 
patients with UC to PSC.

Although we carried out a strong study, it did come 
with its limitations. Firstly, this was a case-control study, 
and we did not have any information about the clinical 
course of the patients’ disease. We did not enroll patients 
with Crohn’s disease; therefore the pathophysiologic 
role of IgG4 and the differences in both diseases were 
not achieved. We did not measure patients’ serum IgG4 
level, so the association of tissue IgG4 infiltration with 
serum IgG4 was not possible in our study. Lastly, we were 
not aware of patients’ medications during colonoscopy 
and biopsy; while corticosteroid and anti-TNF drugs can 
influence the degree of inflammation, so the effect of 
these drugs on tissue IgG4 was not evident in our study.

In conclusion, our study revealed that a portion of 
active UC cases, whether accompanying with PSC or 
not had significant infiltration of IgG4 plasma cells in 
their colonic mucosa. All of these results from our study 
can bring this hypothesis that IgG4 could be a factor for 
determining disease activity, confirmation of diagnosis, 
and duration of disease. Also, our findings suggest an al-
lergic IgG4 related pathway in addition to B cell-mediated 
mechanism for activity of UC. Further studies are needed 
to confirm this hypothesis and determine the real role of 
tissue IgG4 in patients with IBD.
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