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ABSTRACT
Background:

Previous studies stated that TGF-f is a pleiotropic cytokine, abundant in
mammalian intestine, regulates multiple cellular functions as a suppressor of the
immune response, cell proliferation, and oncogenesis. Study aims: Here, we
investigated the value of TGF-p as a diagnostic marker of ulcerative colitis disease (UC)
in experimental UC model. Materials & Methods: Acute & chronic UC was induced
in mice by using (3% and 1.5% respectively) DSS in drinking water. The induction of
UC was confirmed by histopathological examination. Proteins and mRNA expression of
both TGF-p and TNF-a were analyzed by western blot and real time PCR respectively.
Complete blood count (CBC), C-reactive protein (CRP), erythrocyte sedimentation rate
(ESR). Results: A marked elevation occurred in proteins and mRNA expression of both
TGF-p and TNF-o in UC tissues in acute and chronic groups vs. healthy group.
Furthermore, significant elevation in both CRP and ESR of diseased groups was
recorded in comparison to normal group. Blood count revealed marked leukocytosis,
thrombocytosis and marked decrease in red blood cell counts with severe anemia in
both acute and chronic UC groups compared to healthy control group. Conclusion:
Increased levels of TGF-pB protein and mRNA expression in UC disease might have a
diagnostic value side by side with inflammatory biomarkers (TNF-o, CRP & ESR),
leukocytosis, thrombocytosis, bloody diarrhea and histopathological changes.

Keywords: Acute & Chronic Ulcerative Colitis (UC), Transforming growth factor beta
(TGF-B), C - reactive protein (CRP), Erythrocyte sedimentation rate (ESR), Tumor
necrosis factor alpha (TNF-a).
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1. Introduction

Ulcerative colitis (UC) is a type of inflammatory bowel diseases (IBD)
characterized by inflammation typically bounded to colon with continuous lesions and
damage the mucosal layer only (Satsangi et al.,, 2006, Gray et al., 2010). IBD
including UC has become a worldwide disease; burden remains high as prevalence
overpass 0.3 % in newly industrialized countries (Ng et al., 2017).

In Egypt, Esmat et al. reported that, over 15 year period from 1995 to 2009, the
Gastroenterology Center in Faculty of Medicine, Cairo University, received 24156
patients, a total of 157 patients were diagnosed IBD with prevalence 0.6 % . Of these,
135 patients were diagnosed with UC (86 % of the total), and 22 patients with Crohn's
disease CD (14 % of the total) (Esmat et al., 2014).

Ulcerative colitis is associated with complications within the digestive system
as abdominal pain, bloody diarrhea and toxic megacolon, and outside the digestive
system which may include; hepatobiliary system, genitourinary, musculoskeletal,
pulmonary, cardiac, ocular, and dermatologic disorders (Chan et al., 2015, Manser et
al., 2016).

The most well known risk factors for IBD are; smoking, appendectomy, low
fiber diet intake, vitamin D deficiency, ethnicity, depression, anxiety and stress
(Ananthakrishnan 2015), infections with Helicobacter pylori, Campylobacter, and
Salmonella (Wu et al., 2015). Also, some medications as non-steroidal anti-
inflammatory drugs, oral contraceptives and antibiotics have an association with 1BD
(Yeetal., 2015).

Diagnosis of IBD usually depends on the combination of; clinical symptoms,
laboratory findings, radiology, endoscopy, and biopsy histology (Fengming and
Jianbing 2014). Some markers related to inflammation or disease activity as; C-
reactive protein, erythrocyte sedimentation rate, platelets count, red blood cell
distribution, and fecal Calprotectin (Burri et al., 2014). However, these biomarkers
show low sensitivity in mild to moderate UC patients, consequently, they can only be
used as an adjunct to endoscopy and radiology procedure (Norouzinia et al., 2017).

Role of transforming growth factor beta (TGF p) in UC

In mammalian intestine TGF-p is produced by many cell types; epithelial cells,
immune cells (Dendritic & Treg), and fibroblasts. The production of TGF-f is
upregulated by many factors such as bacteria, virus, cytokines, apoptotic cells, and the
autocrine/paracrine loop (Kashiwagi et al., 2015). TGF-f is secreted in an inactive or
latent form, then, latent TGF- is activated by serine proteases or metalloproteinases. In
this processes, integrines function as critical co-factor of TGF-B activation (Jenkins
2008). Activated TGF-p binds to the TGF-p receptors on immune cells (T-cells, B-cells,
dantritic cells, and macrophages) and epithelial cells, which activate the intracellular
transduction through Smad pathways and contribute to intestinal homeostasis (Ihara et
al., 2017).
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In the Smad-dependent pathway, phosphorylated Smad2 and Smad3 form a
complex with Smad4 and enter the nucleus to regulate the transcription of target genes
(Johnston et al., 2016). Smad?7 is a downstream target of the TGF-p pathway that binds
to TGF-B receptor type | (TGFBRI) and acts in a negative-feedback mannar to inhibit
TGF-pB pathway (Monteleone et al., 2001).

The most vastly used mouse models of UC use dextran sodium Sulphate (DSS) to
induce epithelial damage. The DSS model facilitate IBD research due to its, simplicity,
rapidity & reproducibility. Acute, chronic and relapsing models of UC can be carried
out by using DSS.

2. Materials and Methods
2.1. Reagents:

Mouse monoclonal anti-TGF-B (cat# sc-130348), mouse monoclonal anti--
actin (cat# sc-81178), and TNF-a (cat# sc-52746) primary antibodies were obtained
from Santa Cruz Co. Alkaline phosphatase labeled secondary anti-mouse antibody was
obtained from Novus Co. (cat# NB 7524, Littleton, USA). Total RNA extraction kit
was provided by Qiagen CO. (cat. No. /ID: 74104). Reverse Transcriptase enzyme was
obtained from Applied Biosystems CO. (cat.N0.4368813). SYBR Green master mix
was provided by Qiagen CO. (cat.No.K0251). CRP was measured by CRP-Latex kit
provided by Biosystems Co. (cat. No. 2291). Dextran sodium sulfate salt (DSS), MW
40,000 powder obtained from Alfa Aesar Co. (cat# J63606). All other chemicals and
solvents used in this study were of analytical grade and were obtained from Sigma
Chemical Co. or other commercial suppliers.

2.2. Experimental UC Model:

Fifteen BALB/c mice 6 — 8 weeks old and 15+2 g weight were used. Mice were
obtained and maintained in the animal house of Faculty of Medicine, Assiut University
under standard laboratory conditions (12/12 hrs light/dark cycle, 21+2 °C with relative
humidity of 55%) and were allowed free access to standard mice pellets and tap water.
All animals received professional human care in compliance with International Ethical
Guidelines for Animal Care (US Naval Medical Research Center, Unit No.3, Abbaseya,
Cairo, Egypt) accredited by the Association for Assessment and Accreditation of
Laboratory Animal Care International. Animals were randomly divided into three
groups of fife mice each. Acute UC was induced by fed the mice with 3% (w/v) DSS
in their drinking (3 g DSS dissolved in 100 ml distilled water) water for 7 days, while
chronic colitis was induced in mice after administration of 1.5% DSS for 14 days (1.5 ¢
DSS dissolved in 100 ml distilled water) (PerSe and Cerar 2012). Healthy control
mice received normal water. The progression of colitis was monitored in a blinded
manner, including measurement of body weight, evaluation of stool consistency, and
presence of rectal bleeding tested by guaiac paper. Disease activity index (DAI) was
represented as the sum of scores for weight loss, stool consistency and rectal bleeding.
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2.3. Sample Collection:

At the end of the experiment, the animals were anaesthetized with light diethyl
ether. Blood was collected via right heart ventricle puncture. Blood samples were
collected into three tubes; EDTA tube for complete blood count, Westergren tube for
estimation of erythrocyte sedimentation rate (ESR), and plain tube for separation of
serum to measure C-reactive protein. The colons were isolated immediately after
sacrificing, washed with ice cold isotonic saline, blot dried and divided into pieces, and
flash-frozen in liquid nitrogen and stored at -80 °C. Another part from colon of all
animals were collected in RNAlater and stored at -20 °C for total RNA extraction. Other
specimens from colon of all animals were collected, fixed in neutral buffered formalin
10% for histopathological examination.

2.4. Histopathological Examination:

Specimens from colon of all animals were collected, fixed in neutral buffered
formalin 10% and processed by paraffin embedding technique. Transverse sections of 4-
5 um thick were prepared and stained with Haematoxylin and Eosin for light
microscopic examination. A semi-quantitative histological assessment of colon lesions
was carried out, three sections of hematoxylin/ eosin-stained colon were examined
using a light microscope (Olympus BX45), and scored with a slightly modified method.
The alterations were graded as (0) indicated no changes, (1), (2) and (3) indicated mild,
moderate and severe changes, respectively, while the grading severity was determined
by percentage as follows: (5- 10%) showed mild changes, (<10% — 20%) indicated
moderate changes and changes more than (>20%) indicated severe changes.

2.4. Western Blot Analysis:

Colon tissue was homogenized in 1.5 ml ice-cold lysis buffer containing
protease inhibitors by Glass-Col Homogenizer, centrifuges at to 600xg for 15 min
sediment debris. Protein concentrations were determined by BCA protein assay Kit. 50
pg protein amount of homogenate supernatant were denatured by boiling in 2% sodium
dodecyl sulfate (SDS) and 5% 2-mercaptoethanol for 5 minutes and loaded in each lane.
12% SDS-polyacrylamide gel (SDS-PAGE) was electrophoresed at 100 volts for 120
minutes. The protein was semidry transferred onto nitrocellulose membrane (T-77 ECL,
Amersham Biosciences) for 120 minutes. Then membrane was blocked by 5% defatted
milk dissolved in Tris buffered saline with tween (TBST buffer) for 60 minutes and was
incubated with primary antibody (at dilution 1: 1500) overnight. Then was incubated
with 1: 5000 diluted alkaline phosphatase labeled secondary anti-mouse antibody in
10% diluted blocking buffer. The bands of the proteins were detected by using 5-
bromo-4-chloro-3-indoryl phosphate / nitroblue tetrazolium detection system and Tris-
Hcl buffer / magnesium chloride. These incubations procedures included primary and
secondary antibodies against; TGF-p, TNF-a, and p-actin.

2.5. RNA Isolation and gRT-PCR:

Total RNA was extracted from colon tissues using RNeasy Mini kit reagent
(Qiagen, Germany) per manufacture instructions. RNA concentrations were determined
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spectrophotometrically by Nanodrop (Thermo Fisher Scientifics, Waltham, MA).
Synthesis of double-stranded cDNA was achieved by using High Capacity cDNA
Reverse Transcription kit (Applied Biosystems, USA) according to manufacture
instructions. Produced cDNA was subjected to qPCR using a StepOnePlus™ Real-Time
PCR system (Applied Biosystems, USA) with Maxima SYBR Green qPCR Master Mix
(Qiagen, Germany) according to the standard protocol. A list of primers sequences is
provided in table (1).

Table (1): primer sequences for mice TGF-B, TNF-a and house-keeping GAPDH used
for qPCR analysis of their mMRNA expression in DSS induced UC in mice.

TGF-B (mouse) Forward:5-TGGAGCAACATGTGGAACTC-3
Reverse:5- GTCAGCAGCCGGTTACCA -3

TNF-a (mouse) Forward:5- GCCTCTTCTCATTCCTGCTTG-3
Reverse:5- CTGATGAGAGGGAGGCCATT -3

GAPDH

(mouse) Forward:5- GGGTTCCTATAAATACGGACTGC -Reverse:5-

CCATTTTGTCTACGGGACGA -3

2.6. C- reactive protein estimation (CRP):

Serum CRP was quantitatively measured by turbidimerty assay method by using
BIOLABO Diagnostic analyzer.

2.7. Complete blood count (CBC):

CBC was determined by Mindray hematology analyzer.
2.8. Histopathological examination:

Specimens from colon of all animals were collected, fixed in neutral buffered
formalin 10% and processed by paraffin embedding technique. Transverse sections of 4
— 5 pm thick were prepared and stained with haematoxylin and eosin for light
microscopic examination.

2.9. Statistical Analysis:

Data were expressed as the mean + SEM. Variables were compared using one way

analysis of variance (ANOVA) followed by Turkey's post test. p<0.05 was considered

significant. All statistical analysis was conducted with GraphPad Prism (version 6,
GraphPad Prism software, California, USA).
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3. RESULTS:
3.1. Effects of UC induced by DSS on TGF-p and TNF-a protein expression:

We found marked elevation of TGF-3 and TNF-a proteins expression vs. B-actin
protein in colon tissue of DSS treated mice in acute and chronic group compared to

healthy control group (Figurel a & b).
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Figure (1): Effect of DSS on expression of TGF-f & TNF-a protein in mice colon
tissues :( A) Expression of TGF-B protein in colon tissue in different groups was
normalized to B-actin protein. (B) Expression of TNF-a protein in colon tissue in
different groups was normalized to B-actin protein. Data are expressed as mean = SEM.
(n=3;*p< 0.05; **p< 0.01; ***p<0.001) compared to control group.

3.2. Effects of UC induced by DSS on TGF-p and TNF-a mRNA expression:

Our results revealed significant increase in mRNA expression of both TGF-B and
TNF-a in both diseased groups vs. normal control group (Figure2 a & b).
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Figure (2): Effect of DSS on mRNA expression of TGF-p & TNF-a in mice colon
tissues; (A) Expression of TGF-f mRNA in colon tissue in different groups was
normalized to mRNA of GAPDH. (B) Expression of TNF-o. mRNA in colon tissue in
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different groups was normalized to mRNA of GAPDH. Data are expressed as mean *
SEM (n=5;**p< 0.01; ***p<0.001;****p<0.0001) compared to control group.

3.3. Effects of UC induced by DSS on CRP and ESR:

In our study we found marked increase in traditionally inflammatory markers;
CRP & ESR in both acute and chronic UC groups compared to healthy control group.
(Figure 3a & b).
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Figure (3): Effect of acute and chronic UC induced by DSS on elevated serum level of
CRP (A) and ESR (B) compared with normal control group. Data are expressed as mean
+ SEM. ****p< 0.0001, (n =5).

3.4. Effects of UC induced by DSS on Complete Blood Count:

Results showed that hemoglobin was significantly decreased in parallel with
significant decreases in red blood cells count in UC groups compared with normal
control group (Figure 4 a & b). Also, this study revealed marked leukocytosis with
thrombocytosis in UC groups compared to healthy control group (Figure 4 ¢ & d).
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Figure (4): Effect of acute and chronic UC induced by DSS in decreased hemoglobin
level (A), and RBCs (B) and elevation levels of WBCs (C) and platelet count (D) mean
+ SEM. ****p< 0.0001 ; ***p <0.001; **p<0.01 ; (n =5).
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3.5. Effects of UC induced by DSS on Micro- and Macroscopical Changes in Colon
Tissues:

Histopathological examination of normal colon revealed architecture mucosa,
crypts of Lieberkihn, submucosal & muscularis layers (Figure 5 A). In contrary,
histopathological investigation of colon of acute UC group showed epithelial loss, focal
mucosal necrosis and submucosal edema associated with inflammatory cells infiltration
(Figure 5 B). Furthermore, remarkable microscopic lesions were recorded in colon of
chronic UC group include marked necrosis and ulceration of the mucosa extending to
the muscularis layer associated massive hemorrhage (Figure 5 C).

Figure (5): Microscopical investigation of colon revealed the following: A- Colon of
normal control mice showing the normal histological architecture (mucosa, Crypts of
Lieberkiihn, submucosa and muscularis layers) (H & E, scale bar 100um). B- Colon of
mice treated with DSS (3%) for 7 days showing focal mucosal necrosis (short arrow),
submucosal edema associated with inflammatory cells infiltration (long arrow) (H & E,
scale bar 100um). C- Colon of mice treated with DSS (1.5%) for 2 weeks showing
marked necrosis and ulceration of the mucosa extending to the muscularis layer (short
arrow) associated with massive hemorrhage (long arrow)(H & E, scale bar 100um).

At the end of experiment, photographs of colon and anus of mice were taken. These
photographs revealed bloody stool, diarrhea, ulcers and mucosal inflammation in both
acute and chronic groups in compared to animals of normal control group (figure 6 a,b
and c)
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Figure (6): Macroscopical examination of DSS treated mice colon; A- Normal colon
show no bloody stool or ulcers with normal mucosa. Colon of acute (B) and chronic (C)
UC groups showed bloody stool, ulcers and mucosal inflammation.
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4. Discussion:

UC is a lifelong disease caused by genetic and environmental factors (Magro et
al., 2017). The pathogenesis of UC includes deregulated immune responses to mucosal
injury, with permanent inflammation and disruption of wound healing. The DSS model
is the most widely used model for induction of UC due to its simplicity, reproducibility
and rapidity. In our study, DSS treated mice groups developed sever colitis with typical
signs involving: bloody diarrhea, reduced food intake with subsequent decrease in body
weight as in UC human patients. A marked elevation occurred in TGF-$ protein and
MRNA expression in acute and chronic UC groups vs. healthy control group. Previous
studies demonstrated that, there is an elevation in TGF-$ production in ulcerative colitis
(PerSe and Cerar 2012, Marafini et al., 2013, Jovanovic et al., 2018). TGF-f is
plentiful in mammalian intestine. Many cell types contribute in production of TGF-p;
e.g. epithelial cells, immune cells and fibroblasts (Babyatsky et al., 1996, Letterio and
Roberts 1998). TGF- is the most important anti-inflammatory and regulatory cytokine
in IBD (Sanchez-Mufioz et al., 2008). Previous studies revealed that, mice that have
knockout of the TGF-B1gene develop IBD (Shull et al., 1992, Kulkarni et al., 1995).
Furthermore, blocking TGF-BRII in animal showed developing of colitis. TGF-$
regulates multiple immune responses of T-cells, B-cells, dantritic cells and
macrophages (lhara et al. 2017). TGF-B eclevation is reflected as compensatory
mechanism to relive the symptoms of UC by promoting patient immunosuppressive
effect ((Marek et al., 2002, Del Zotto et al., 2003). We found that elevation of TGF-p
was accompanied with significant increased level of TNF-a, CRP and ESR in both
acute and chronic UC groups compared to healthy control group. TNF-a is a pleiotropic
cytokine, produced by macrophages in the colon with a wide range of biological
activities including induction of inflammatory processes (Sartor 1994, Cianci et al.,
2005). Our findings are harmonious with previous studies that exhibited highly
upregulation of TNF-a in the mucosa of IBD patients (Stokkers and Camoglio 1995,
Targan 2000, Sartor 2006, Geremia et al., 2014). On the other hand, the IBD
inflammatory markers CRP & ESR used in IBD patients diagnosis and follow were
significantly elevated in UC groups vs. healthy control group. Lewis, 2011, exhibited
that elevation of CRP & ESR indicates presence of active UC. Furthermore, we found
that the elevation of TGF-B, TNF-a, CRP and ESR were associated with significant
thrombocytosis, leukocytosis and higher platelet count. Those results documented in
several past studies (TALBOT et al., 1986, Linskens et al., 2001, Payzin et al., 2006,
Thapa et al., 2015). The mechanisms in charge of increase the platelet count in IBD
still uncompleted understood however can be explained on the basis of a non-specific
inflammatory reaction. Thrombocytosis is associated with thromboembolic events in
patients with IBD, and may occur both in gastrointestinal tract and at extraintestinal
sites (Dolapcioglu et al., 2014). Thromboembolic events represents the most cause of
morbidity and mortality in patients with IBD (Dolapcioglu et al. 2014). The
leukocytosis which showed by our study is consistent with previous studies that
revealed increase in white blood cell count in IBD (Schoepfer et al., 2009, Iskandar
and Ciorba 2012, Langhorst et al., 2016, Kassem et al., 2019). The significant
decrease in RBCs and anemia that, we found are consistent with previous studies that
revealed presence of moderate and severe anemia in IBD patients and murine models of
colitis (Stein et al., 2010, Carter et al.,, 2013, Murawska et al., 2016, Samba-
Mondonga et al., 2019). Anemia in IBD patients is one of the most causes of
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hospitalization (Samba-Mondonga et al. 2019). Intestinal blood loss, dietary
limitations, and iron malabsorption caused by mucosal inflammation are the most
causes of anemia in IBD.

5. Conclusion

In conclusion, our study revealed marked elevation of TGF-B protein and
MRNA expression in colon tissues of UC groups in comparison to normal colon tissues
of control group. TGF-pB elevation occurred side by side with the elevation of other
diagnostic inflammatory markers of UC disease; TNF-a, CRP and ESR. Thus, TGF-p
can be used as a biomarker for diagnosis of active UC.

6. Recommendation

More studies on large groups of patient and cell lines are necessary to decide
the significance of TGF- as a diagnostic marker of acute and chronic ulcerative colitis.
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