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Abstract: Background: Keratinocyte growth factor-2 (KGF-2) has been testified to be a multifunctional growth factor, 
which can stimulate the regeneration and reconstruction of epidermis, corium and mucosa. Its effect on Crohn’s 
disease has hitherto not been evaluated. Here, we investigated the preventive and therapeutic actions of STEA, a 
mutant of human KGF-2 with high activity, on trinitrobenzene sulfonic acid (TNBS)-induced rat model of Crohn’s 
disease. Methods: Rats with TNBS-induced colitis were treated with STEA and clinical scores were evaluated. Body 
weight, mortality, macroscopic and microscopic damage of the colonic tissue were examined. The levels of inflam-
matory cytokines in serum were detected by ELISA, the T cell subpopulations and the cell cycle of intestinal epithelial 
cells were analyzed by flow cytometry. Results: Both preventive and therapeutic administration of STEA significantly 
ameliorated body weight loss, diarrhea, and intestinal inflammation, reduced the high mortality and histopathologic 
damage of rats with TNBS-induced colitis. The serum level of inflammatory cytokines, such as TNF-α, IL-1β, IFN-γ 
and IL-6 were markedly decreased in colitis rats treated with STEA. The CD4+ and CD8+ T lymphocytes in peripheral 
blood were reduced with STEA administration at early stage of colitis. In addition, STEA treatment could promote the 
growth of intestinal epithelial cells by increasing the cell proportion in S phase of cell cycle and inhibiting cell apop-
tosis. Conclusions: Both preventive and therapeutic administration of STEA could ameliorate the colonic damages 
in rats with TNBS-induced colitis. STEA might be a promising option for the treatment of Crohn’s disease. 
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Introduction

Crohn’s disease (CD) is an idiopathic chronic 
inflammatory disease of unknown etiology, 
which easily relapses and affects the whole of 
the alimentary tract (digestive tube) from mouth 
to anus. The disease possesses the highest 
incidence in Europe and North American popu-
lation, which shows an ascending incidence in 
Asia population in recent years [1, 2]. The 
pathogenesis of CD is closely related with the 
intestinal inflammation and damage caused by 
dysregulation of immune response of intestinal 
mucosa. It is found that helper T1 (Th1)-like 
cells, an inflammatory subset of T cells, were 
selectively activated in intestinal mucosa of CD 
patients, by which proinflammatory cytokines 
such as interferon (IFN)-γ, tumor necrosis fac-

tor (TNF)-α, interleukin (IL)-1β and IL-6 were 
persistently secreted in the early stage of the 
disease [3, 4].

Several immunoregulatory agents, such as 
5-aminosalicylates, corticosteroids, and McAb 
against tumor necrosis factor (TNF)-α have 
mainly been used for the treatment of human 
CD to control the dysregulated immune 
response [5]. However, these agents can cause 
various undesirable side-effects. Besides, 
some patients with CD are stubborn even to the 
combined use of these agents. In fact, the 
intestinal mucosa plays an important barrier 
role in preventing the penetration of toxic and 
immunogenic factors. Recent studies have 
shown that impaired intestinal barrier function 
permits the penetration of toxic and immuno-
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genic factors, leading to the occurrence and 
perpetuation of intestinal inflammation. The- 
refore, keeping the integrity of the intestinal 
mucosa may also provide an effective approach 
as a therapeutic strategy for CD.

Keratinocyte growth factor (KGF)-2, also known 
as fibroblast growth factor (FGF)-10, is initially 
isolated from rat embryo as a homolog of KGF-1 
in 1996 [6]. Human KGF-2 cDNA encoding a 
208 aa precursor with a signal sequence 
(~40Aa) is obtained from the human embryo 
lung in 1997. KGF-2 can specifically promote 
the growth, proliferation and differentiation of 
epithelia cells, and possesses many important 
biological functions [7-10]. Administration of 
KGF-2 significantly promotes the re-epitheliali-
zation and closure of wounds in an ischaemia-
impaired rabbit ear model, which was found to 
be more effective than the vehicle control at 
closing the interstices of a human meshed skin 
graft explanted to athymic nude rats [11, 12]. 
KGF-2 can induce the intestinal mucosa of rat 
and cynomolgus monkey to reversible incrassa-
tion [13, 14]. In the dextran sulfate sodium 
(DSS)-induced murine model of ulcerative coli-
tis, intraperitoneal or subcutaneous injection of 
KGF-2 could significantly enhance weight recov-
ery, and reduce colonic mucosa damages [15]. 
The similar results of protection against intesti-
nal injury are achieved in studies on indometh-
acin-induced jejunal ulceration in rats [16]. A 
phase 2 trial, conducted to evaluate the safety 
and efficacy of topical of KGF-2 treatment in 
the healing of chronic venous ulcer in 94 
patients, showed that KGF-2 markedly acceler-
ated wound healing than placebo [17]. 
Therefore, KGF-2 might be a promising agent 
for the treatment of mucosal injury in human 
inflammatory bowel disease. 

Animal chronic intestinal inflammation induced 
by intrarectal administration of trinitrobenzene 
sulfonic acid (TNBS) resembles many of the 
clinical, histopathologic, and immune charac-
teristics of CD in humans [18, 19]. In our previ-
ous studies, we constructed a double-site 
mutant of KGF-2 (named STEA) by replacing 
Ser115 and Glu117 with Thr and Ala, and the 
mutant showed higher bioactivities than that of 
KGF-2 [20]. Here, we examined the efficacy of 
intraperitoneal administration of STEA on rat 
model of TNBS-induced colitis, and found that 
both preventive and therapeutic administration 
of STEA significantly alleviated the systemic 

and local inflammation response involved in 
colitis rats, accelerated the reepithelialization 
and restoration of colonic mucosa, and greatly 
improved histopathologic damage healing of 
rats with TNBS-induced colitis, which suggests 
that STEA might be a promising option for the 
therapy of Crohn’s disease.

Materials and methods

Ethics statement

This study was carried out in strict accordance 
with the recommendations in the Guide for the 
Care and Use of Laboratory Animals of the 
National Institutes of Health. The protocol was 
approved by the Committee on the Ethics of 
Animal Experiments of Academy of Military 
Medical Sciences (Permit Number: SCXK-2002-
001). All surgery was performed under sodium 
pentobarbital anesthesia, and all efforts were 
made to minimize suffering.

Animals 

Male Wistar rats (140±20 g; Animal Center of 
Academy of Military Medical Sciences, China) 
were used for the experiments. All rats were 
housed in specific pathogen-free conditions in 
the animal facility, fed with standard laboratory 
chow and tap water, and handled according to 
institutionally recommended animal care 
guidelines. 

Induction of colitis and treatment protocols

After overnight fasting, rats were anesthetized 
by intraperitoneal injection of 3% sodium pen-
tobarbital (50 mg/kg). The distal colon was 
cleaned carefully with a small balloon catheter 
before the enema. Rats were upside down, and 
TNBS (100 mg/kg, 5 mg, Sigma, St. Louis, MO) 
in 40% ethanol was then instilled into the 
lumen of the colon using the catheter fitted 
onto a 1 ml syringe (about 8 cm from the anal 
verge) in 5 seconds. Control rats received 40% 
ethanol alone. Rats were then kept in an invert-
ed position for 30 seconds and returned to 
their cages. To investigate the preventive effect 
of STEA on established colitis, the rats were 
injected intraperitoneally (IP) with 3 mg/kg 
STEA once a day for 3 days starting 2 days 
before initiation of TNBS treatment (day 0), and 
TNBS group received equal amount of phos-
phate buffer (PB) via IP injection. The STEA was 
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produced as described previously [20]. Some 
animals were killed by euthanasia on day 6 and 
12. To study the effect of STEA on the recrudes-
cent model of CD, rats were subjected twice 
infusion of TNBS on day 0 (100 mg/kg) and 18 
(10 mg per rat), and were administered IP with 
3 mg/kg STEA once a day for 5 days after the 
second infusion of TNBS. At the same time, 
control rats received 40% ethanol infusions 
and were treated with PB. Some animals were 
killed on day 4, 8, and 12 after the last treat-
ment with TNBS. 

Evaluation on macroscopic and microscopic 
damage 

All rats were monitored for the appearance of 
diarrhea, body weight loss, and survival. For 
evaluation of macroscopic damage, colons 
were graded for macroscopic lesions (scale 
0-10) based on criteria reflecting inflammation 
(ie, hyperemia, bowel thickening, and extent of 
ulceration) [21]. The stool score comprised two 
parts and totaled a maximum score of 4, based 
on a modification of the system outlined by 
Elson et al. [22]. Stool consistency was graded 
as: 0 = firm, 1 = loose, 2 = diarrhea. Blood in 
the stool was also evaluated on a 0- to 2-point 
scale: 0 = no blood, 1 = occult blood, 2 = gross 
rectal bleeding. Stool scores were taken at sev-
eral points throughout the course of the dis-
ease. The length and weight from the ileocecal 
junction to the anal verge were measured as 
the colonic length and weight. The distal third 
of the colon was dissected, fixed in 30% formal-
dehyde, and stained with H.E. Then the histo-
logic damage was analyzed. 

Determination of serum cytokine level by ELISA

Blood samples were collected by cardiac punc-
ture and sera were isolated by centrifugation at 
2000 rpm for 10 min. The levels of IL-4, IFN-γ, 
TNF-α, IL-1β, and IL-6 in sera were measured by 
rat ELISA kit (ADL Inc, USA) according to the 
manufacturer’s protocols. Briefly, 100 μl serum 
was added into each well respectively and incu-
bated for 20 min at 25°C. Then, 100 μl biotin-
conjugated antibodies were added and incu-
bated for 20 min at 25°C. Subsequently, 100 μl 
anti-IgG antibody labeled with HRP was added 
and incubated for 10 min at 25°C. Each above-
mentioned step was followed by washing plate 
with wash buffer, finally reacted with 100 μl tet-
ramethylbenzidine (TMB) solution for 20 min at 
25°C and terminated by addition of 100 μl stop 

solution. The A450 was measured within 15 
min. 

Analysis of T cell subpopulations by slow sy-
tometry

The cardiac puncture-collected blood samples 
were analyzed by fluorescence-activated cell 
sorting (FACS). Monoclonal antibodies of fluo-
rescein isothiocyanate (FITC)-conjugated anti-
rat CD3, phycoerythrin (PE)-conjugated anti-rat 
CD4, and PE-Cy5-conjugated anti-rat CD8  
were purchased from Becton Dickinson (BD 
Biosciences Pharmingen, San Diego, CA). A 
two-parameter analysis was performed to 
determine the percentages of T cells (CD3), 
CD4 positive T Cells (CD4+) and CD8 positive T 
cells (CD8+). Briefly, 100 μl whole blood was 
pre-incubated with antibodies for 30 min at 
room temperature. Then, 2 ml lysing solution 
was added and maintained for 15 min at room 
temperature. After centrifugation at 1500 rpm 
for 5 min, the cells were washed with PBS and 
analyzed using a fluorescence cell counter 
(FACS Calibur Becton Dickinson, USA). 

Analysis of cell cycle of intestinal epithelial 
cells

The whole small intestine of rat was isolated 
and washed with ice-cold NaCl solution (0.9%) 
to remove food debris, then rapidly dissected 
and washed through again to remove any food 
particles and mucin remained in the intestinal 
lumen. A 10 cm of intestine proximal to the 
stomach was discarded and the next 40-45 cm 
was retained. The intestinal epithelial cells 
were isolated as described previously [23]. 
Subsequently, the collected cells were centri-
fuged and washed twice with 1 mL PBS (pH 
7.4). After centrifugation again, the cell pellet 
was resuspended in 0.3 mL PBS (pH 7.4, con-
taining 10% fetal bovine serum) before adding 
0.7 ml ethanol and deposited at -20°C for 30 h. 
Cells were collected by centrifugation and 
washed once with 1 ml PBS (pH 7.4). Then, 200 
μl (1 mg/ml) RNaseA was added, mixed, and 
incubated at 37°C for 30 min. Finally, 400 μl of 
PI (100 μg/ml) solution was added, with an 
incubation of 20 min, and then cell samples 
were analyzed using a fluorescence cell coun-
ter (FACS Calibur Becton Dickinson, USA).

Statistical analysis

Student t test and the Mann-Whitney U test 
were used where appropriate for statistical 
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analysis. Survival curves were analyzed by the 
Kaplan-Meier log-rank test. All values are 
expressed as mean ± SD. P value < 0.05 was 
considered statistically significant.

Results

STEA injection protects against TNBS-induced 
colitis

KGF-2 can promote proliferation of epithelial 
cells and has been manifested possessing per-
fect effect on epithelial damages as well as 
(DSS)-induced murine model of ulcerative coli-

tis [11-15]. In our previous studies, we obtained 
a mutant of KGF-2, named STEA, which showed 
higher biological activities than that of KGF-2 
[20]. Here, we first investigated the potential 
preventive action of STEA in an experimental 
model of colitis induced by intrarectal infusion 
of TNBS, which displays human CD-like clinical, 
histopathologic, and immunologic features. 
Rats subjected to intrarectal administration of 
TNBS in 40% ethanol developed a severe ill-
ness characterized by bloody diarrhea, rectal 
prolapse, and pancolitis accompanied by exten-
sive wasting syndrome, and a profound and 

Figure 1. Pretreatment with STEA protects against colitis. Colitis was induced by intracolonic administration of TNBS 
(100 mg/kg). Rats were treated intraperitoneally with 3 mg/kg STEA once a day for 3 days starting 2 days before 
TNBS treatment (day 0). Control rats received 40% ethanol or PB alone. Clinical evolution was monitored by survival 
(A) and body weight changes (B). Colitis score (C) and macroscopic damage score (D) were determined at 6 days 
after TNBS administration. Colonic length (E) was measured from the ileocecal junction to the anal verge. (F) Repre-
sentative histologic findings in rats with TNBS-induced colitis pretreated with STEA. Sections of the distal colon were 
collected at necropsy and stained with H&E (original magnification, ×100). Data are expressed as means ± SD, n = 
14 rats/group in (A) and (B), n = 5 rats/group in (C) to (E). *p < 0.05 vs TNBS-treated rats; ^p < 0.05 vs control rats.
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sustained weight loss resulting in 53% mortali-
ty (Figure 1A-D). Rats pretreated with 3 mg/kg 
of STEA had an increased survival rate of 82%, 
rapidly recovered the loss of body weight, and 
regained a healthy appearance similar to con-

trol rats treated with 40% ethanol alone (Figure 
1A-D). Macroscopic examination of colons 
obtained 6 days after colitis induction showed 
striking hyperemia, inflammation, and necrosis, 
in contrast, the colons of STEA-pretreated rats 

Figure 2. Treatment with STEA protects against colitis. The recrudescent colitis of rat was induced by twice infusion 
of TNBS on day 0 (100 mg/kg) and day 18 (10 mg per rat), and rats were administered IP with 3 mg/kg STEA once 
a day for 5 days after the second infusion of TNBS. Simultaneously, control rats received 40% ethanol infusions and 
were treated with PB. Clinical evolution was monitored by survival (A) and body weight changes (B). Colitis score (C) 
and macroscopic damage score (D) were determined at 4 days after TNBS administration. Colonic length (E) was 
measured from the ileocecal junction to the anal verge at necropsy. (F) Representative histologic findings in rats 
with TNBS-induced colitis treated with STEA. Sections of the distal colon were collected at necropsy and stained with 
H&E (original magnification, ×100). Data are expressed as means ± SD, n = 14 rats/group in (A) and (B), n = 5 rats/
group in (C) to (E). *p < 0.05 vs TNBS-treated rats; ^p < 0.05 vs control rats.
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showed slight macroscopic inflammation 
(Figure 1C, 1D). The colonic length in rats with 
STEA-pretreated was significantly longer than 
that in rats with TNBS-treated alone on day 12 
(P < 0.05) (Figure 1E). Histologic examination 
of the distal colon of control rats received 40% 
ethanol showed the characteristic intact sur-
face epithelium, well defined crypt length, and 
lack of cellular infiltrate in the mucosa and sub-
mucosa (Figure 1F). Rats with TNBS-induced 
colitis showed a remarkable transmural inflam-
mation involving all layers of the bowel wall, 
adherence to surrounding tissues, loss of the 
histological structure, focal ulcers with an acute 
inflammatory cell exudates, and loss of goblet 
cells on day 6, and a thickening of the colon 
wall, fibrosis found through the colon and/or 
the presence of mucosal edema on day 12 
(Figure 1F). In contrast, in rats with TNBS-
induced colitis pretreated with 3 mg/kg of 
STEA, a significant reduction of inflammatory 
activity, crypt regeneration and restoration of 
colonic mucosa were observed on day 6, 
though cellular infiltration and edema in the 
lamina propria and submucosa were observed, 
and the histologic images were further improved 
on day 12 (Figure 1F).

About the therapeutic action of STEA on the 
recrudescent model of CD, rats subjected to 
infusion of TNBS on days 0 (100 mg/kg) and 
18 (10 mg per rat), developed a severe illness 
characterized by bloody diarrhea and pancoli-
tis, and a profound weight loss resulting in 35% 
mortality (Figure 2A-D). Rats treated with 3.0 
mg/kg of STEA displayed an increased survival 
rate of 91%, rapidly recovered from the loss of 
body weight, and regained a healthy appear-
ance similar to control rats treated with 40% 
ethanol (Figure 2A-D). Macroscopic examina-
tion of colons obtained at day 4 after colitis 
induction showed striking hyperemia and 
inflammation, in contrast, the colons of STEA-
pretreated rats showed obviously reduced 
macroscopic inflammation (Figure 2C, 2D). At 
necropsy, the colonic length was longer than 
that in rats with TNBS-induced colitis on day 12 
(P < 0.05) (Figure 2E). The histologic assay of 
the colonic tissues from rats with TNBS-induced 
colitis showed severe inflammation, character-
ized by mucosal necrosis and transmural 
inflammation on day 4, and the similar severe 
damage status were still remained on day 8, 
suggesting the slow reepithelialization and res-
toration of colonic mucosa (Figure 2F). In con-

trast, crypt regeneration, reepithelialization 
and restoration of colonic mucosa were rela-
tively rapid, though there were severe damages 
of colonic mucosa observed in rats with TNBS-
induced colitis treated with 3.0 mg/kg of STEA 
on day 4, and the histologic images were great-
ly improved on day 8, and nearly recovered to 
normal structure on day 12 (Figure 2F).

STEA administration reduces inflammatory re-
sponses in rats with TNBS-induced colitis

The TNBS-induced murine model of CD by rec-
tal elution is associated with Th1 cell mediated 
response, therefore, the inflammatory cyto-
kines released by Th1 cells, such as IFN-γ, TNF-
α, IL-1β and IL-6 play important roles in the 
pathogenesis and persistent inflammatory 
responses of colitis [3, 4, 24]. IL-4 is an impor-
tant anti-inflammatory cytokine and decreased 
mucosal IL-4 is found in IBD patients [25].  
Here, we evaluated the effect of STEA injection 
on the serum level of TNF-α, IFN-γ, IL-1β, IL-6, 
and IL-4 in STEA-treated and untreated rats 
with TNBS induced colitis. In the protective 
action study of STEA, the serum IL-1β was sig-
nificantly increased in rats with TNBS-induced 
colitis compared with control rats (P < 0.05) on 
day 6, and the difference became more remark-
able on day 12. However, no significant differ-
ence was found in serum IL-1β between the 
STEA-pretreated rats and control rats, though 
IL-1β in STEA-pretreated rats was slightly 
increased on day 6 (Figure 3A). The serum lev-
els of TNF-α, IL-6 and IFN-γ in rats with TNBS-
induced colitis were also significantly up-regu-
lated on day 6. Pretreatment with 3 mg/kg 
STEA obviously reduced these inflammatory 
cytokines levels in the blood serum, especially 
on day 12 (Figure 3A). No obvious differences 
were found in serum IL-4 among the three stud-
ied groups (Figure 3A). Similar results were 
observed in the study to the therapeutic effect 
of STEA on the recrudescent model of CD. The 
serum levels of TNF-α, IL-6 and IFN-γ were 
increased in rats with TNBS-induced colitis, but 
decreased by STEA pretreatment, and signifi-
cant decline was observed on day 8 and 12 
(Figure 3B).

Effects of STEA on T cell subpopulations in pe-
ripheral blood

Damage to the epithelial gut mucosa in IBD has 
been linked to the elevated levels of effecter 
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immune cells such as activated CD4+ and 
CD8+ cytotoxic T cells [26, 27]. In this study, we 
investigated the ratio of T cell subpopulations 
in the peripheral blood from rats with TNBS-
induced colitis using flow cytometry. As shown 
in Figure 4, CD3+ and CD4+ T lymphocytes in 
peripheral blood were markedly increased after 
TNBS infusion at observed times, and CD8+ T 
lymphocytes was slightly elevated on day 6 and 
significantly increased on day 12 (Figure 4A). 
Pretreatment with STEA significantly reduced 
CD3+, CD4+, and CD8+ T lymphocytes in 
peripheral blood on day 12 (Figure 4A). 
However, no significant differences were found 
on the CD4/CD8 ratio among the studied 
groups during our observation, though the 
number of T cell subpopulations was changed 
with TNBS infusion. In the therapeutic effect 
study of STEA, obvious increase was observed 
in the number of CD3+, CD4+, and CD8+ T cells 
on day 8 and 12 after TNBS infusion (Figure 
4B). Administration with 3 mg/kg STEA signifi-
cantly reduced CD3+, CD4+, and CD8+ T lym-
phocytes in peripheral blood on day 12 (Figure 
4B). Also, no significant differences have been 
found on the CD4/CD8 ratio among the studied 
groups during our observation.

Effects of STEA pretreatment on the cell cycle 
of intestinal epithelial cells

The small intestine proximal to the colon was 
often suffered from infusion of TNBS, so we 
investigated the cell cycle and apoptosis of epi-
thelial cells from intestine adjacent to colon. 
The whole small intestine of rat was removed 
and intestinal epithelial cells were isolated, and 
then analyzed by flow cytometry. It seems that 
the proportion of intestinal epithelial cells in 
G0/G1 phase had slightly raised in rats treated 
with TNBS on day 6, and such trend was 
enhanced after pretreating with STEA, however, 
no significant differences were found among 
the studied groups (Figure 5A). The proportion 
of intestinal epithelial cells in G2/M phase was 
nearly unaffected by treatment with TNBS or 
TNBS and STEA (Figure 5A). The intestinal epi-
thelial cells in S phase were significantly 

reduced in rats treated with TNBS on day 6, 
and pretreated with 3 mg/kg of STEA slightly 
increased the number of cells in S phase. On 
day 12, the intestinal epithelial cells in S phase 
recovered to normal level in rats treated with 
TNBS or TNBS and STEA (Figure 5A). In the 
apoptosis assay of intestinal epithelial cells, 
the proportion of cells in apoptosis was signifi-
cantly increased on day 6 in rats with TNBS 
infusion alone, but not in rats pretreated with 3 
mg/kg of STEA. In the further observation, no 
obvious differences were found among the 
studied groups (Figure 5A). Similar results were 
observed in the therapeutic effect of STEA on 
the recrudescent model of CD (Figure 5B). 
Treatment with 3 mg/kg of STEA significantly 
elevated the intestinal epithelial cells in S 
phase and reduced the cells in apoptosis on 
day 8 (Figure 5B).

Discussion

In recent years, some FGFs such as aFGF, bFGF, 
and KGF-1, have been tested as potent thera-
peutic agents in a variety of experimental mod-
els of human [5, 28, 29]. KGF-2, a homolog of 
KGF-1, also a member of the FGF family, has 
the special ability to stimulate the growth, pro-
liferation and differentiation of epithelium. 
Studies have showed that KGF-2 is effective in 
accelerating healing of epithelial damage in 
some tissues, such as skin and oral mucosa 
[30, 31]. In a DSS-induced murine model of 
ulcerative colitis, KGF-2 could significantly 
enhance weight recovery and reduce colonic 
mucosa damages [15, 32]. The mutant of 
KGF-2 (named STEA) with higher biological 
activities in vitro than that of KGF-2 was previ-
ously constructed by our lab [20], but its role in 
vivo was not known. In this study, we evaluated 
the preventive and therapeutic effect of STEA 
administration on rats with TNBS-induced 
colitis. 

Intraperitoneal injection of 3 mg/kg STEA once 
a day for 3 days at day 2 before initiation of 
TNBS treatment could significantly ameliorate 
the clinical and histopathologic severity of the 
wasting disease, abrogate body weight loss, 

Figure 3. Effect of STEA administration on the serum level of inflammatory cytokines. The preventive (A) and thera-
peutic (B) effects of STEA administration on the serum levels of inflammatory cytokines in rats with TNBS-induced 
colitis were investigated. Colitis induced by TNBS infusion and administration of STEA were performed as described 
in the experiment methods. Sera were collected at the indicated times, and cytokines levels were measured by 
ELISA. Results represent mean ± SE . **p < 0.01 and *p < 0.05 vs TNBS-treated rats; ^p < 0.05 vs control rats.
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diarrhea, and intestinal inflammation, and 
reduce the high mortality caused by this syn-

drome. In the recrudescent model of CD, thera-
peutic administration of 3 mg/kg STEA once a 

Figure 4. Effects of STEA treatment on T Cell subpopulations. The preventive (A) and therapeutic (B) effects of STEA 
administration on T cell subpopulations from rats with TNBS-induced colitis were investigated. Colitis induced by 
TNBS infusion and administration of STEA were performed as described in the experiment methods. Blood samples 
were collected by cardiac puncture. The T-cell numbers were determined by FACS. Results are means ± SD. *p < 
0.05 vs TNBS-treated rats; ^p < 0.05 vs control rats.
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day for 5 days could improve the damage heal-
ing of colon mucosa, reduce intestinal inflam-

mation, and promote the restoration of colonic 
mucosa.

Figure 5. Effects of STEA treatment on the cell cycle of intestinal epithelial cells. The preventive (A) and therapeutic 
(B) effects of STEA administration on the cell cycle of intestinal epithelial cells from rats with TNBS-induced colitis 
were investigated. Colitis induction, administration of STEA, and isolation of the intestinal epithelial cells were 
performed as described in the experiment methods. The cell cycle was analyzed using a fluorescence cell counter. 
Results are means ± SD. *p < 0.05 vs TNBS-treated rats; ^p < 0.05 vs control rats.
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TNBS-induced model of colonic inflammation 
by intrarectal elution displays pathologic, clini-
cal and immunological similarities to human CD 
[19]. The TNBS, as a hapten, is supposed to 
depend on the haptenization of autologous pro-
teins and presentation of MHC class II-fitting 
peptides to CD4+ T cells by antigen presenting 
cells, ultimately leading to specific CD4+ T cell 
recognition, T cell expansion, and T cell cyto-
kine responses. On the contrary, cytokines can 
stimulate the rapid division, proliferation of a 
large number of T cells and formation into sen-
sitized lymphocyte, and induce the expression 
of adhesion molecules and degranulation of 
mast cells, which results in the enhanced and 
persistent inflammatory responses of CD. 
Therefore, the enhanced T cell response and 
greatly released inflammatory cytokines play 
important roles in the pathogenesis and persis-
tent inflammatory responses of CD [33, 34]. In 
fact, damage to the epithelial gut mucosa in 
IBD has been linked to elevated levels of 
immune effector cells such as activated CD4+ 
and CD8+ cytotoxic T cells, and CD4+ T cells 
are the predominant cell type that infiltrates 
the intestine in IBD [26, 27]. In this study, 
increased CD4+ T cells and CD8+ cytotoxic T 
cells are identified in peripheral blood from rats 
with TNBS-induced colitis, in accordance, 
severe infiltration of inflammatory cells in the 
histologic investigation of colonic mucosa were 
discovered (Figure 1). Pretreated with STEA sig-
nificantly reduced CD4+ and CD8+ T lympho-
cytes in peripheral blood on day 12 but not on 
day 6, which was consistent with the histologic 
findings, infiltration of inflammatory cells were 
observed in colonic mucosa from rats with coli-
tis and pretreated with STEA on day 6 (Figure 
1). The cytokine pattern of T cells in the murine 
TNBS-induced colitis is consistent with that 
found in CD patients, which is characterized by 
enhanced production of TNF-α and IFN-γ. TNF-α 
exerts its proinflammatory effects through 
increased production of IL-1β and IL-6 as well 
as initiation of cytotoxic, apoptotic, and acute-
phase responses [3, 4, 24]. Here, we investi-
gated levels of these proinflammatory cyto-
kines in blood serum from rats with TNBS-
induced colitis. After treatment with TNBS, the 
serum levels of IL-1β, IL-6, TNF-α, and IFN-γ 
from TNBS treated rats were prominently 
increased on day 6 and even higher on day 12, 
however, significant decreases were observed 
in colitis rats with protective and therapeutic 

admistration of 3 mg/kg STEA. The result was 
consistent with changes in CD4+ and CD8+ T 
lymphocytes in peripheral blood. These results 
suggested that the administration of STEA 
could alleviate T cell-mediated immune 
responses including inflammation response 
involved in rats with TNBS-induced colitis. 

IL-4 is an important anti-inflammatory cytokine 
in Th2 T cell mediated response, which has 
immunoregulatory activity and may play a cen-
tral role in gut immunology. IL-4 level and IL-4 
mRNA were found to be reduced in IBD, which 
may cause defective immunosuppressive and 
anti-inflammatory mechanisms and may con-
tribute to the pathogenic cascade leading to 
inflammation [25]. In this study, we also investi-
gated the IL-4 level in peripheral blood. 
However, we found that neither TNBS- nor 
STEA-treatment would significantly affect the 
level of IL-4 in peripheral blood. Therefore, the 
effect of STEA ameliorating the TNBS-induced 
colitis was not mediated by driving the Th2 cell 
response to greatly release the anti-inflamma-
tory cytokines. 

In previous study of efficacy of KGF-2 in DSS-
induced murine colitis, the exact mechanism of 
KGF-2 ameliorating clinical and histopathologic 
damage of colonic mucosa hasn’t been clari-
fied [15]. In our study, the fact that STEA admin-
istration reduced both the number of T cell sub-
populations and the production of multiple 
inflammatory cytokines, including TNF-α, IL-6, 
IL-1β, and IFN-γ, could partially explain the low 
inflammatory infiltrates in the colonic mucosa 
of rats with STEA-treated colitis. The decrease 
in inflammatory mediators could be the conse-
quence of a diminished infiltration of inflamma-
tory cells in the colonic mucosa in the STEA-
treated rats. In fact, histologic analysis revealed 
that reepithelialization and restoration of colon-
ic mucosa were relatively rapid by STEA admin-
istration, and the colonic length of STEA-treated 
group was significantly longer than that of TNBS 
group. In addition, many studies have identified 
that KGF-2 enhances in vivo proliferation of 
gastrointestinal tissue [14-16]. Thus, our pre-
sumption is that STEA administration could 
ameliorate the pathologic and clinical severity 
of TNBS-induced colitis mainly by stimulating 
epithelial cell proliferation and growth, and has-
ten wound closure to enhance the mucosal bar-
rier function by restoring injured epithelial 
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structures but not by exerting a direct anti-
inflammatory effect on T cells. As shown in 
Figure 1, by maintaining or rapidly reestablish-
ing the integrity of the epithelial mucosa, STEA 
helped reinforce the barrier function of that tis-
sue, thereby effectively reducing the degree of 
inflammatory infiltrate. It has been difficult to 
verify intestinal cell proliferation in vivo, 
because the background level of colonic prolif-
eration is so high, even in the TNBS-treated 
group. Our presumption is partly supported by 
the study on the cell cycle of intestinal epitheli-
al cells. The proportion of intestinal epithelial 
cells in S phase was significantly reduced at 
early stage of TNBS-induced colitis. While, 
STEA protective and therapeutic administration 
could increase the proportion of intestinal epi-
thelial cells in S phase, which suggested the 
promoting effect of STEA on mitosis of intesti-
nal epithelial cells. We also investigated apop-
tosis of the intestinal epithelial cells. As shown 
in Figure 5, the cells in apoptosis was increased 
at early stage of TNBS-induced colitis, but was 
markedly reduced after treatment with STEA, 
which suggested that STEA might have some 
positive effect on promoting survival of intesti-
nal epithelial cells. By histological analysis, 
more crypt/goblet cells were observed in colon-
ic mucosa from rats treated with STEA, and 
similar results have been reported, in which 
KGF-2 is identified as a survival factor for main-
taining the stem cell population in developing 
incisor and crypt cells in intestinal mucosa [14, 
35]. In addition, KGF-2 administration stimulat-
ed goblet cell hyperplasia, presumably result-
ing in enhanced mucin secretion, which could 
provide additional mucosal protection [14, 15]. 
Therefore, STEA might have some effect on 
enhancing the survival of intestinal crypt cells, 
causing an increase in the protective capacity 
of the mucosal lining of the intestine.

In summary, our study indicates that both the 
preventive and therapeutic administrations of 
STEA are effective to ameliorate the colonic 
damages induced by the hapten reagent TNBS, 
and STEA may be a promising option for the 
treatment of CD. Of course, the combination of 
STEA with an immunoregulatory compound, in 
which different disease targets are simultane-
ously attacked, may be a good strategy to treat-
ment of CD.
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