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Abstract

Background—Activated Stat3 is an important mediator of oncogenesis in the colon. To test the
hypothesis that select Stat activation and/or the pattern of Stat activation serves as a marker for
early neoplastic transformation, we examined the distribution of activated Stat1(pStatl),
Stat6(pStat6) and Stat3(pStat3) in colitis along the continuum of inactive disease to colitis-
associated cancer.

Methods—Tissue microarrays were constructed using colonoscopy biopsy and surgical
specimens from 67 patients with ulcerative colitis or Crohn’s colitis and 11 controls. 111 sets of
samples were analyzed representing normal tissue, active disease, low-grade dysplasia, high-grade
dysplasia, and colitis-associated cancer. Immunohistochemistry to detect pStatl, pStat6 and pStat3
in colonic epithelial and mucosal immune cells was then correlated with clinical and pathological
data (tumor location, histologic type, grade and lymph node involvement).

Results—In 50% of colitis-associated cancer samples, pStat3 was detected prominently in
epithelial cells, where it was routinely associated with intense pStat3 staining in surrounding
immune cells. Stat3 activation was greater in low-grade tumors than in high-grade ones (P<0.05).
pStat6 expression was more common in normal tissues than in colitis-associated cancer (P<0.05).
pStatl was detected in a small subset of immune cells in patients with chronic inactive and active
colitis, low and high grade dysplasia, but not in colitis-associated cancer.

Conclusions—pStat3 may be a marker for neoplastic transformation in patients with colitis. A
shift from predominant immune cell Stat6 activation to Stat3 activation accompanies the onset of
dysplasia with concomitant increased epithelial cell Stat3 activation in a subset of patients.

Corresponding Author: Elizabeth C. Wick, M.D. 600 N Wolfe Street, Blalock 658, Baltimore, MD 21287, Tel: 410-955-7323, Fax:
410-614-9866, ewickl@jhmi.edu.
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Introduction

Patients with inflammatory bowel disease (IBD) are at increased risk of developing colitis-
associated cancer (CAC), the leading cause of mortality in this group of patients.> The
incidence of CAC is now thought to be similar among patients with ulcerative colitis (UC)
and Crohn’s disease (CD), and is almost three-fold higher than the incidence of sporadic
colorectal cancer in the general population.? Intestinal cancer occurs at an earlier age in
patients with IBD, approximately 15 to 20 years before the average age of onset of sporadic
colorectal cancer. CAC diverges from the well-characterized adenoma-to-carcinoma
sequence of sporadic colorectal cancer and instead is marked by sequential progression of
inflammation to dysplasia to adenocarcinoma in the colonic mucosa. Leading risk factors
for the development of CAC are the duration of colitis, extent and severity of intestinal
inflammation, and the presence of other inflammatory conditions, mainly, primary
sclerosing cholangitis.? Currently, there is no way to predict an IBD patient’s risk of
developing CAC in their lifetime. The current guidelines for cancer surveillance in this high-
risk population are frequent colonoscopies, with multiple biopsies, to detect areas of
dysplasia or early cancers.2 Compliance with these recommendations is inconsistent and
their efficacy has been called into question.*

Chronic inflammation, a hallmark of IBD, is believed to be important in inciting epithelial
cell neoplasia such as CAC, but many of the mechanisms and contributing inflammatory
cells remain uncertain.> Although most of the work on the role of the immune system in
carcinogenesis has focused on the innate immune system, the adaptive immune system,
particularly T cell responses, under certain conditions, can also promote oncogenesis.® Stat
proteins are a family of transcription factors central to the regulation of adaptive immune
responses that are activated by tyrosine phosphorylation when cytokine receptor signaling is
triggered. Three qualitatively distinct types of T cell responses may contribute to
oncogenesis. Th1 responses are dependent on Statl and Stat4 signaling, driven by IL-12 and
characterized by IFN-y production. Th2 responses require Stat5 signaling, are driven by
IL-13 and characterized by IL-4 secretion. Th17 responses require Stat3 activation, are
driven by IL-23 and characterized by IL-17 production. All three types of T cell responses
are found in IBD patients. Thl responses have been shown to be anti-carcinogenic in several
systems. " Limited data support the role of Th2 responses in oncogenesis, whereas growing
data suggest Th17 responses contribute to carcinogenesis, including sporadic CRC.%-13

In patients, CD-associated inflammation is predominantly characterized by a Th1-centered
immune response, whereas UC-associated inflammation is characterized by enhanced
production of Th2-like cytokines, particularly 1L-13 and 1L-5.14 Both CD and UC can have
high levels of Th17 effector cells and cytokines.1® It is unknown if the types of T cell
responses vary over time in IBD and/or if the type of mucosal response can serve as an
indicator of oncogenic risk. To begin to address these questions, we designed a study to
examine UC and CD tissues along the continuum of inactive disease to CAC for activated
Statl (pStatl), Stat 6 (pStat6) and Stat3 (pStat3). Our goal was to test the hypothesis that
select Stat activation and/or the pattern of Stat activation serves as a marker for early
neoplastic transformation leading to CAC.

Inflamm Bowel Dis. Author manuscript; available in PMC 2013 July 01.
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Materials and Methods

Colorectal Tissue and Tissue Microarray (TMA) Construction

Tissue microarrays were constructed using colonoscopy biopsies and surgical colectomy
specimens from patients with IBD or patients with no diagnosis of IBD who underwent a
colectomy for other indications. All patients were treated at Johns Hopkins Hospital between
1983-2001.

Tissues were fixed in 10% formalin and embedded in paraffin blocks per standard protocols
in the pathology department. Tissues from 67 patients (Table 1) were included in the arrays
and the hematoxylin and eosin slides from each clinical case were reviewed by a board-
certified pathologist to identify areas of chronic active disease, low-grade dysplasia (LGD),
high-grade dysplasia (HGD) and/or CAC. Cores (8mm) were taken from the paraffin blocks
in the region of interest and then assembled to create eight TMAs. Between one and 24 cores
corresponding to each pathologic diagnosis from an individual patient were used in the
TMA construction (median (range))cores per patient): chronic active disease 4 (1-12), LGD
2 (1-9), HGD 3 (1-6), CAC 5 (2—24). Of the normal (control) colon tissues included in the
TMAS, nine were obtained from flanking normal colon of patients undergoing colectomies
for sporadic colorectal cancer. There were also two samples of areas of the colon that were
histologically normal from IBD patients who were represented in the LGD, HGD and/or
CAC TMAs.

Patient Data

The clinical diagnosis for each patient (UC or CD), and, for patients with CAC, the tumor
location and presence of involved lymph nodes, were determined after review of the clinical
and pathology reports. The histologic features (e.g., grade and the presence of mucin) were
determined in each core by review of the hematoxylin and eosin-stained TMA by a board-
certified pathologist with expertise in gastrointestinal pathology.

Immunohistochemistry

Immunohistochemistry was used to detect pStatl, pStat3 and pStat6 in the formalin-fixed,
paraffin-embedded TMAs. Paraffin was removed by baking the slides for 15 minutes at
55°C followed by tissue rehydration and antigen retrieval. Antigen retrieval for pStatl used
1 mM EDTA (pH 8.0) with steaming for 45 minutes, and for pStat3 and pStat6, used 0.01 M
citrate buffer with steaming for 25 minutes. For pStat3, tissues were further permeabilized
by a 5-minute incubation with 0.025% trypsin. Endogenous peroxidases and non-specific
binding sites were blocked with 0.03% hydrogen peroxide and 2% goat serum. The
following primary antibodies were titrated to optimize signal and applied overnight at 4°C:
anti-pStatl (Tyr 701) antibody (CellSignaling, Danvers, MA) (1:100), anti-pStat3 (Tyr 705)
antibody (CellSignaling, Danvers, MA) (1:500), and anti-pStat6 (Tyr 641) antibody
(Abcam, Cambridge, MA) (1:100). PowerVision horseradish peroxidase mouse anti-goat
(pStatl and pStat3) or rabbit (pStat6) (Leica Microsystems, Bannockburn, IL) (30 minutes at
room temperature) was applied as the secondary antibodies, followed by 3.3’-
diaminobenzidine to detect the antigen with hematoxylin tissue counterstain. Primary
antibody was omitted as a control for non-specific binding of the secondary antibody.

After immunohistochemistry staining, TMA slides were scanned and evaluated digitally
using the electronic program, TMA] (Johns Hopkins University). For each TMA, a
hematoxylin and eosin stained slide was also scanned and reviewed to confirm the histologic
diagnosis of chronic active inflammation, LGD, HGD or CAC. As judged by the pathologist
review, cores that did not contain the anticipated pathology or revealed poor staining were
not further analyzed. After initial development of the 0-3 grading scale (Table 2, Figure 1),
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all pStat1, pStat3 and pStat6 sections were graded independently by two separate observers
who were not aware of the clinical or pathologic diagnosis. Discrepancies were resolved by
combined review.

Statistical Analysis

The Chi-squared test was used to measure the relationship between Stat expression and
clinical and pathological data. The Kruskal-Wallis test was used to compare differences
between different pathologic diagnosis (normal colon, chronic active, LGD, HGD and
CAC). Data are presented as means + standard errors of the means.

Ethical Considerations

Results

Specimens were obtained in accordance with a protocol approved by Johns Hopkins
Hospital Institutional Review Board.

Stat activation was evaluated in 447 cores from 67 patients with IBD (37 UC patients, 27
CD patients and 3 patients with indeterminate colitis) representing a range of pathology
from chronic active colitis to CAC, and 41 cores with no inflammation from 11 patients with
either a history of colorectal cancer or IBD (controls) (Table 1). Patients with IBD were
younger than control patients (median 47 years versus 59 years). Most (74 %) patients with
CAC had an underlying diagnosis of UC. CAC tumors were located throughout the colon
(Table 3). Pathologic review confirmed the diagnoses of adenocarcinoma: 6/16 tumors had
mucinous features and 6/16 patients had evidence of lymph node involvement (Table 3).

We first sought to determine the pattern of cellular staining in the colonic epithelial cells and
associated immune cells of patients without colitis or cancer. In sections of colon that were
from control patients (histologically normal), virtually no pStatl was detected in the
epithelial or the immune cell compartments (0/11 and 1/11 patients were positive for
epithelial and immune cell pStatl, respectively). In these histologically normal tissues, both
pStat3 and pStat6 were rarely detected in the epithelial compartment (2/9 and 2/8 patients,
respectively), whereas 6/9 and 8/8 of control patients, respectively, had low levels of pStat3
and pStat6 detected in the colon immune cells (2-3 sets of patient samples per group were
not interpretable).

When we characterized pStatl, pStat3 and pStat6 in patients with IBD (chronic active
disease, dysplasia or CAC), none had pStatl staining in the colonic epithelial cells, but they
did have low levels of pStatl expression in immune cells. These levels were similar in
patients with UC or CD. Although the level of pStatl staining was low, the percentage of
patients with any pStatl in the immune cells increased across the spectrum of chronic active
disease (15/40, 38%), LGD (10/21 patients, 48%) and HGD (13/24, 54%), but then
decreased in patients with CAC (5/25, 20%) (P <0.05 for trend, data not shown). In contrast,
most patients had some pStat3 and pStat6 detected in the immune cells, regardless of
pathologic diagnosis (Figure 2A). pStat3 was significantly more common in patients with
UC than in those with CD (34/39, 87% vs. 10/18, 55%, P<0.05). Interestingly, pStat6
staining in the epithelial and immune cell compartments was much more common in patients
with chronic active disease than in those with CAC (53% versus 8% for epithelial cells,
P<0.05 and 61% versus 38% for immune cells; P=0.12, Figure 2A).

In patients with chronic active colitis, pStat3 was only detected in rare mucosal immune and

epithelial cells whereas pStat3 immune cell staining intensified with progression from
chronic active colitis to LGD to HGD to CAC. This effect was most pronounced in UC,
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where the intensity of Stat3 staining in colonic epithelial cells was also significantly
increased in CAC (0.74 £ 0.14) as compared to normal colonic tissue (0.18 + 0.16), P<0.05.
Intensity of Stat3 staining in immune cells was increased in dysplastic/neoplastic tissue
(LGD 1.26 £ 0.15, HGD 1.19 + 0.15, CAC 1.16 * 0.15) as compared to normal or inflamed
tissue (normal 0.64 £ 0.17 and chronic active colitis 0.82 + 0.15) P<0.05 (Figure 2B, 3). In
UC-associated CAC samples, pStat3 expression in epithelial cells was particularly
prominent in a subset of 7 patients (50% of patients with UC and CAC) and always
associated with strong pStat3 staining in surrounding immune cells (Figure 3).

In patients with CAC, when Stat staining was analyzed by tumor characteristics, pStat3
staining in immune cells was significantly more intense in low-grade tumors than in high-
grade tumors (1.27 vs. 0.78, P<0.05) and tumors with lymph node metastases as compared
to those without metastases (1.21 vs. 0.97, P<0.05) (Table 3). The intensity of immune cell
staining was greater in CAC with an underlying diagnosis of UC than CD (1.11 vs. 0.67,
P<0.05), the colonic epithelial cell staining may be stronger in UC than in CD (0.55 vs. 0.06
P=0.06). There was no association between pStat3 detection and tumor location (right,
transverse or left colon) or the presence of mucin (Table 3).

Discussion

Our results demonstrate that in IBD patients, the pattern of Stat activation in immune cells
associates best with the colonic pathology. In particular, colonic immune cell pStat3
activation increases as the tissue becomes increasingly inflamed and then dysplastic,
whereas immune cell pStat6 activation is significantly lower in CAC than in normal tissue.
These findings suggest that the development of CAC is marked by a shift in effector T-cell
balance from Th2 to Th17 predominance. Along the continuum of colonic dysplasia/
neoplasia, expression of pStat3 in epithelial cells lagged behind that in immune cells, a
finding also noted in a murine model of bacterial-induced tumorigenesis (Wick, Rabizadeh,
Sears unpublished data).18 In our study, the majority of patients displayed colonic epithelial
cell Stat3 activation only as CAC emerged. Epithelial cell pStat3 activation in patients with
chronic active disease, LGD or HGD was not significantly greater than activation in the
control population, which suggests that activation of pStat3 in the immune cell compartment
may be an important precursor for activation of Stat3 in the epithelial cell compartment.

Among the Stat proteins, Stat3 transduces signals from numerous growth factor and
cytokine receptors, including the pro-oncogenic IL-6 receptor, and Stat3 is constitutively
activated in both inflammatory conditions and cancers, serving as a potential protein for
convergence of inflammatory and oncogenic signals. In multiple intestinal neoplasia (Min)
mice, enterotoxigenic Bacteroides fragilis infection induces colitis and colonic tumors via
activation of pStat3 and a selective Th17 response.16 In this mouse model, blockade of
IL-17, whose expression requires Stat3 activation, inhibits tumor formation. In the
azoxymethane and dextran sodium sulfate (AOM-DSS) murine model of CAC, mice lacking
Stat3 in the intestinal epithelial cells develop fewer tumors as compared to the Stat3-
sufficient mice in part, because Stat3 in the intestinal epithelial cell promotes survival and
proliferation of dysplastic epithelial cells.1”:18 A series of clinical studies have focused on
the role of Stats and particularly Stat3 in IBD (Table 4). 1922 In all of these studies, Stat3
was associated with active disease and recently, Li et al found that in active UC, higher
levels of pStat3 was present in patients with dysplasia and CAC than in normal patients
(without IBD) or those with sporadic colorectal cancer.2! In our study of 67 patients with
UC and CD, we showed that along the spectrum of active disease to CAC there is a
concomitant rise in pStat3 and decrease in pStat6 expression in both the intestinal epithelial
cells and immune cells.

Inflamm Bowel Dis. Author manuscript; available in PMC 2013 July 01.
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In IBD patients, screening for dysplasia and CAC is done by colonoscopy with frequent
biopsies. This screening method is cumbersome and is poor at predicting patients who will
develop cancer.? In addition, it is often challenging for the pathologist to distinguish reactive
epithelial changes arising in the setting of inflammation from truly dysplastic changes.
Histologic stains of screening colonoscopy biopsy tissues for pStat3 and/or pStaté may help
identify high-risk patients. For example, patients with a shift from predominant pStat6
expression to predominant pStat3 expression may be more likely to have dysplasia either on
the biopsies taken at that time or in the future, and thus may warrant closer examination with
more frequent colonoscopies and biopsies to detect HGD or CAC.

Our study had several limitations. First, TMAs allowed for very focused evaluation of tissue
cores with confirmed detailed pathologic diagnoses. However, fresh tissue was not available
and consequently, we could not confirm our IHC results with an alternative method such as
immunoblotting, or confirm the Th17 profile associated with CAC by completing more
detailed mucosal cytokine analysis. Second, tissue used to construct the TMAs was selected
from patient specimens collected between 1989 and 2001. Since all specimens were handled
similarly by the Johns Hopkins Department of Pathology, we believe the quality of IHC
staining was generally consistent, but some sections were of poor quality and were not
evaluated. Third, limited information was available about medication use at the time of
tissue collection. Immunomodulating therapies may have affected the mucosal cytokine
profile and/or pStat expression.23 Fourth, our study included only a few patients with
samples representing the continuum of chronic active disease, LGD, HGD and CAC.
Therefore we were not able to analyze Stat activation along the continuum of chronic active
disease, LGD, HGD and CAC in single patients to confirm if the changes observed are
consistent patient-to-patient. Although significantly more pStat3 was present in low-grade
tumors than in high-grade ones, more detailed analysis of association between expression
and tumor features was also limited by the available sample size. Detailed, prospective
analysis of IBD patients enrolled in CAC surveillance programs would begin to address the
shortcomings of our study and further establish if a shift in the intestinal immune cell profile
is an indicator of dysplasia, warranting a need for more intensive screening in individual
patients.

In conclusion, our study shows that in colonic immune cells in particular, activation of
pStat3 increases as the tissue becomes increasingly inflamed and then dysplastic. Since IL-6
is recognized as an increasingly important mediator of intestinal inflammation and pStat3 is
an important transcription factor down-stream of 1L-6 that coordinates innate and adaptive
immune responses and oncogenic signals, pStat3 may be a marker for neoplastic
transformation in a subset of patients with colitis.2> A shift from predominant immune cell
pStat6 expression to pStat3 expression may be an early sign of neoplasia. Stat 3 may even be
one of the links between inflammation and cancer in IBD having implications for both CAC
surveillance and treatment.
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Grading scale used to evaluate tissue microarrays. Representative images of pStat3 staining
in the immune cell and epithelial cell compartments (arrows demarcate positive cells)

Figure 1.
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Figure2.

A. pStat3 and pStat6 expression in normal, chronic active IBD, LGD, HGD and CAC
expressed as a per centage of patientswith any staining in the epithelial or immune cell
compartment. The percentage of patients with pStat3 (+) epithelial cells and/or immune
cells was significantly higher in CAC as compared to than in normal patients (P<0.05). The
percentage of patients with pStat6 (+) immune cells was significantly higher in normal
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patients as compared to CAC (P<0.05). The number on each bar is the number of patients
examined for each histological diagnosis and cell type (epithelial and immune cell).

B. Mean scorefor pStat3 and pStat6 expression in normal, chronic active IBD, LGD,
HGD and CAC tissue samples from patientswith UC. The mean score for epithelial cell
and immune cell pStat3 (+) is significantly higher in CAC than in normal patients (P<0.05).
Mean score for pStat6 (+) in immune cells is less in CAC than in normal patients (P<0.05).
Error bars indicate standard error of the mean.

IBD, inflammatory bowel disease; LGD, low-grade dysplasia, HGD, high-grade dysplasia,
CAC, colitis-associated cancer.
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Figure 3.
Representative pStat3 staining in chronic active inflammatory bowel disease, low grade

dysplasia, high grade dysplasia and colitis associated cancer
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Figure4.
Sections from a single patient with ulcerative colitis. The figure shows areas of low grade

dysplasia and colitis associated cancer demonstrating increased pStat3 and decreased pStat6
expression in colitis associated cancer and increased pStat6 and decreased pStat3 in low

grade dysplasia.
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