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KFLZ2 participates in the development
of ulcerative colitis through inhibiting
inflammation via regulating cytokines
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Abstract. - OBJECTIVE: Ulcerative colitis
(UC) is a kind of chronic inflammatory bow-
el diseases that seriously endangers human
health. The pathogenesis of UC is closely relat-
ed to the intestinal immune response. Cytokines
exert a key role in the regulation of intestinal in-
flammatory and immune responses. Abnormali-
ties in the function and quantity of various cyto-
kines or imbalance of inflammatory factors and
immune factors would lead to UC development.
We aimed to investigate whether Kruppel-like
transcription factor 2 (KFL2) participates in the
development of ulcerative colitis by regulating
inflammation, so as to provide a new direction
for the clinical treatment.

PATIENTS AND METHODS: 40 UC patients
were enrolled in this study, including 20 patients
with mild ulcerative colitis (MUC) and 20 with se-
vere ulcerative colitis (SUC). 20 normal end of in-
testinal tissues surgically resected from patients
with colorectal cancer in the same period were
selected as the control group. Hematoxylin-eo-
sin (HE) staining was used to detect the inflam-
matory infiltration of intestinal mucosa tissues.
Expressions of interleukin-6 (IL-6), interleukin-8
(IL-8), interleukin-10 (IL-10) and tumor necrosis
factor-alpha (TNF-0) in peripheral blood mononu-
clear cells (PBMCs) of each group were detected
by qRT-PCR (quantitative Real-Time Polymerase
Chain Reaction). Inmunohistochemistry was per-
formed to observe the infiltration of IL-6 and
TNF-a in intestinal mucosal tissues. Protein and
mRNA levels of KLF2 in PBMCs of each group
were detected by Western blot and qRT-PCR,
respectively. The relationship between the mRNA
level of KLF2 in PBMCs and expressions of IL-6,
IL-8, IL-10, TNF-a. were analyzed using qRT-PCR.

RESULTS: Inflammatory cells and cytokines
were infiltrated in the intestinal mucosa of UC
patients. IL-6, IL-8, IL-10, and TNF-o were over-
expressed in PBMCs of UC patients than those
of controls. Protein and mRNA levels of KLF2
in PBMCs of UC patients were remarkably lower
than those of controls, which were more sig-
nificant in SUC patients. Meanwhile, KLF2 was
closely related to expressions of IL-6, IL-8, IL-10,
and TNF-a in PBMCs of UC patients.
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CONCLUSIONS: KLF2 was downregulated in
PBMCs of UC patients than that of normal con-
trols, which participated in the inflammatory re-
sponse of UC by regulating expressions of IL-6,
IL-8, IL-10, and TNF-a. KLF2 may suggest new
treatments for ulcerative colitis.
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Introduction

Inflammatory bowel disease (IBD) is a group
of chronic intestinal inflammatory diseases, in-
cluding chronic nonspecific ulcerative colitis
(UC) and Crohn’s disease (CD). The pathogenesis
of UC, however, has not been fully elucidated'.
Currently, it is believed that UC is caused by mul-
tiple factors, such as environmental, immune, and
genetic factors®. Infection, diet and other envi-
ronmental factors together affect genetically sus-
ceptible populations, leading to hyperactive im-
mune response in intestine and intestinal mucosal
injury>. Clinical and pathological manifestations
of UC may be explained by abnormalities of in-
testinal mucosal immune function™. At present,
autoantibodies, lymphocytes, granulocytes, mac-
rophages, adhesion molecules and cytokines have
been well studied. In particular, the imbalance
between pre-inflammatory cytokines and anti-in-
flammatory cytokines is related to the pathogen-
esis of UC%!. Certain cytokines play a key role
in mucosal inflammation and the balance among
various cytokines helps to control the inflamma-
tory development. So far, anti-TNF monoclonal
antibodies have been applied in the treatment of
refractory CD and achieved certain efficacy'. Our
study detected expressions of tumor necrosis fac-
tor-alpha (TNF-q), interleukin-6 (IL-6), soluble
interleukin-2 receptor (sIL-2R) and other factors
in peripheral blood mononuclear cells (PBMCs)
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of UC patients to further reflect the disease con-
dition of UC, so as to provide new directions in
better treatment. KLF2 is a member of the Krup-
pel-like transcription factor family (KLFs). KLFs
are widely expressed in various tissues, which can
encode transcription activators and repressors.
KLFs family members possess three tandem zinc
finger structures in the protein C-terminus F/Y
XC-X2-4-C-X3-F-X5-L-X2-HXR/KXH, where a
specific DNA sequence enriched in GC (such as
the CACCC box) is bound'?. N-terminus of KIF
protein is highly variable with some contain spe-
cial regions of transcriptional activators and/or
repressors. In addition, N-terminus of some KIF
proteins contains phosphorylation and acetylation
sites that may contribute to the regulation of KLF
activity!®>. KIF2 is also known as LKIF, since it
is widely expressed in lung tissues. Functional-
ly, KIF2 is involved in the quiescence, activation
and migration of T cells. It was initially found
that KIF2 functions on T cells to maintain CD4*
or CD8" T cells in quiescence'. Further investi-
gations"” have found that overexpressed KLF2 in
acute T-cell leukemia cells (Jurkat T cells) can re-
duce protein synthesis and expressions of surface
activation markers, thus arresting cell cycle.

In addition, KIF2 is a novel transcriptional
regulator that stimulates inflammatory activation
of endothelial cells'®. KIF2 increases expressions
of endothelial nitric oxide synthase and nitric ox-
ide activity in endothelial cells”. Under certain
circumstances, KIF2 inhibits the activation of
endothelial cells induced by many pro-inflam-
matory cytokines, including IL-1B, TNF-a, li-
popolysaccharide, thrombin, pro-inflammatory
molecules, vascular cell adhesion molecule 1 and
E-selectin secretion'® !, so as to keep endothelial
cells in a stable state.

Accumulating studies have shown that KLF2
is closely related to the occurrence and develop-
ment of inflammation. The specific role of KLF2
in UC, however, is rarely studied. This study
aimed to investigate the role of KLF2 in UC and
its underlying mechanism.

Patients and Methods

Patients

A total of 40 UC patients diagnosed at De-
partment of Anorectal, Chongqing Three Gorges
Central Hospital from September 2016 to Decem-
ber 2017 were enrolled, including 20 patients with
mild ulcerative colitis (MUC) and 20 with severe
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ulcerative colitis (SUC). There were 12 male and
8 female MUC patients, with 24-66 (37.2+12.0)
years. There were 9 male and 11 female SUC pa-
tients, with 18-63 (37.8+10.7) years. All UC pa-
tients underwent pathological, physical, labora-
tory and image examinations. The disease stage
was evaluated based on Witts and Truelove Stan-
dard®. Normal end of intestinal tissues surgically
resected from 20 patients with colorectal cancer
in the same period were selected as the control
group, including 11 males and 9 females with 28-
74 (56.8+11.7) years. All enrolled subjects did not
have any viral hepatitis and other autoimmune
diseases. Baseline characteristics of subjects were
listed in Table I. This study was approved by the
Ethics Committee of Chongqing Three Gorges
Central Hospital. Signed written informed con-
sents were obtained from the patients.

HE Staining and Immunohistochemical
Staining

Five 5-um slices were cut from each paraffin
block for negative control, hematoxylin-eosin
(HE) staining and immunohistochemical stain-
ing, respectively. Scores of histopathological in-
juries were listed in Table II. For HE staining, two
pathologists examined the slices independently,
and the average inflammation score of each field
was calculated and recorded. For immunohisto-
chemical staining, positive cells were expressed
as brown granules in the cytoplasm or nuclei. Im-
munohistochemical grade was evaluated based
on the proportion and intensity of staining under
an optical microscope. Five typical fields without
edge effect or unstructured folds were selected
for calculating the amount of positive cells by two
independent pathologists. Proportion score was
calculated by counting 100 cells and ranged be-
tween 0-4 (0 =0-5%, 1 =6-25%, 2 =26-50%, 3 =
51-75%, 4 = 76-100%). Intensity score was ranged
between 0 and 3 (0 = no staining, 1 = light yellow,
2 = brown or tan, 3 = sepia). Positive cells were
those higher than 3 scores of proportion plus in-
tensity score.

Table I. Characteristics of the patients.

Control MUC sSucC
group group group
N 20 20 20
Age (year)* 56.8+11.7  37.2+12.0 37.8+10.7
Male number 11(55%) 12(60%) 9(45%)

Note: *mean+SD
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Table Il. Scores of histopathological damage.

Item Score
Depth None 0
of lesion Submucosa 1
Muscular layer 2
Slurry layer 3
Range <25% 1
of lesion 26-50% 2
51-75% 3
>76% 4
Crypt None 0
destruction 1/3 submucosa destroyed 1
2/3 submucosa 2
destroyed
Only epithelium 3
was complete
Crypts and epithelium 4
were all destroyed
Inflammation None 0
Mild 1
Severe 2

Western Blot

The total protein was extracted by the RIPA
(radioimmunoprecipitation assay) lysate (Yeasen,
Shanghai, China). The concentration of each
protein sample was determined by a BCA (bi-
cinchoninic acid) kit (Abcam, Cambridge, MA,
USA). Briefly, total protein was separated by SDS-
PAGE (sodium dodecyl sulphate-polyacrylamide
gel electrophoresis) under denaturing conditions
and then transferred to PVDF (polyvinylidene di-
fluoride) membranes (Merck Millipore, Billerica,
MA, USA). Membranes were blocked with 5%
skimmed milk for 1 h, followed by the incubation
of specific primary antibodies (Cell Signaling
Technology, Danvers, MA, USA) overnight. Af-
ter washing with TBST-20 (Tris-buffered saline
and Tween-20) (Yeasen, Shanghai, China) for 3
times, membranes were then incubated with the
secondary antibody (Cell Signaling Technology,
Danvers, MA, USA) at room temperature for 1
h. Immunoreactive bands were exposed by en-
hanced chemiluminescence method.

RNA Extraction and gRT-PCR
(Quantitative Real-Time Polymerase
Chain Reaction)

The TRIzol kit (Invitrogen, Carlsbad, CA,
USA) was used to extract the total RNA, which
was then reversely transcribed into complemen-
tary Deoxyribose Nucleic Acid (cDNA). After
the cDNA was amplified, qRT-PCR was per-
formed to detect the expressions of related genes.

Primers used in this study were listed below.
KLF2 Forward: ACAGACTGCTATTTATTG-
GACCTTAG, Reverse: CAGAACTGGTGG-
CAGAGTCATTT; glyceraldheyde 3-phosphate
dehydrogenase (GADPH) Forward: TGAAG-
GTCGGAGTCAACGGATT, Reverse: CCTG-
GAAGATGGTGATGGGATT

PBMCs Extraction

2 mL of peripheral blood of UC patients and
negative controls were collected and preserved
in an Ethylene Diamine Tetraacetic Acid (ED-
TA)-Na tube. After centrifugation, PBS (phos-
phate-buffered saline) was mixed with plasma,
followed by lysate precipitation. Cell suspension
was re-suspended into 100 pL of PBS, which
were PBMCs suspension.

Statistical Analysis

We used Graphpad Prism (v6.0) for statistical
analysis (La Jolla, CA, USA). The quantitative
data were represented as mean + standard devi-
ation (x£s). The #-test was used for comparing
differences between the two groups. One-way
ANOVA was utilized to compare among different
groups, followed by significance analysis through
Bonferroni test. p<0.05 was considered statisti-
cally significant.

Results

Inflammatory Infiltration in UC

HE staining showed that the intestinal mucosa
was intact and epithelial cells were continuous in
paracancerous tissues. Besides, the glands were
arranged regularly in a clear structure. We did not
observe inflammatory infiltration of lymphocytes
and phlogocytes in paracancerous tissues. On the
contrary, damaged epithelium and glands, in-
flammatory infiltration in lamina propria, and va-
sodilatation of mucous membrane and submucosa
were seen in UC tissues. More seriously, recess
abscess and destructed recess were observed. The
inflammatory contents in the crypt were released
into the surrounding lamina propria (Figures 1
and 2, Table III). The results showed that UC de-
velopment is closely related to inflammatory in-
filtration.

Effect of Cytokines on UC Development
To further explore the effect of cytokines on

UC development, we detected mRNA levels of

cytokines in PBMCs of UC patients by qRT-PCR.
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Figure 1. HE staining of inflammatory infiltration in UC (100x). Lesion depth, range, inflammatory cell number, fiber cells,
crypt destruction and goblet cell death of intestinal mucosa in controls (A), MUC patients (B) and SUC patients (C).

Figure 2. HE staining of inflammatory infiltration in UC (400x).

IL-6, IL-8, IL-10 and TNF-a were overexpressed
in PBMCs of UC patients than those of controls,
which were more significant in SUC patients (Fig-
ure 3). Besides, immunohistochemical-staining
results demonstrated that the proportion and in-
tensity of TNF-a (Figure 4) and IL-6 (Figure 5)
in UC tissues were higher than those of controls.
The positive rate of TNF-a in controls, MUC and
SUC was 10.0% (2/20), 50.0% (10/20) and 85.0%
(17/20), respectively (Table IV). The positive rate
of IL-6 in controls, MUC and SUC was 5.0%
(1/20), 45.0% (9/20) and 75.0% (15/20), respec-
tively (Table V). The data further indicated that
cytokines are closely related the occurrence and
development of UC.

Table IlI. HI scores of intestinal mucosa in each group.

Group Hi F P
Control group 1.43+0.64 154.496 0.001
MUC group 5.68+0.52*

SUC group 8.27+0.79*

Note: *p<0.05 compared with control group; *p<0.05 compared
with mild UC group.

KLF2 Participated in UC Development

Previous studies have elucidated that KLF2
is involved in inflammatory activation of endo-
thelial cells. In the present study, we found that
both mRNA (Figure 6A) and protein (Figure 6B)
levels of KLF2 were decreased in PBMCs of UC
patients than those of controls. Moreover, SUC
patients expressed the lowest expression of KLF2,
suggesting that KLF2 exerted a crucial role in UC
development, which was negatively correlated
with the inflammatory level.

KLF2 Regulated Inflammatory
Response in UC

We next explored whether KLLF2 participated
in UC development via regulating expression lev-
els of cytokines. The relationship between KLF2
and inflammatory factors (IL-6, IL-8, IL-10,
TNF-0) in PBMCs were analyzed by qRT-PCR.
The data showed that KLF2 negatively regulat-
ed expressions of [L-6, IL-8, IL-10 and TNF-a in
PBMCs of UC patients, which were more signifi-
cant in SUC patients (Table VI). The above results
confirmed that KLF2 participated in UC devel-
opment via regulating cytokines, providing new
targets for better prediction and treatment of UC.



KLF2 inhibits inflammatory response

Kk
— 15+ — 15-
[ @l Normal 3 @B Normal
3 B3 MUC 5 " B3 MUC
Ty ik &= suc 2 10l @B suC
ki s
& & o
2 5 2 s
[ [
£ £
© @
2 ol 2 ]
> RY RY > RY RS
A \\oé‘ N &) B e°§ & %
L ] L (]
uc uc
3 5 g 5 o
3 @8 Normal 3 @B Normal
d 4 il B3 MUC ° ok &3 MUC
2 @ suc £ 10 & suc
5 34 bl ®
S ©
< 2 <zt
z £
: :
'S
e
2 ol g o
> (Y] <
> < (Y] & O N
c N ® D ¥ °
L J
L (]
uc uc

Figure 3. The mRNA levels of IL-6, IL-8, IL-10 and TNF-a in PBMCs of controls, MUC patients and SUC patients
(*¥**p<0.001).

Figure 4. Immunohistochemical staining of TNF-a in intestinal mucosa tissues of controls, MUC patients and SUC patients
(400x).

Figure 5. Immunohistochemical staining of IL-6 in intestinal mucosa tissues of controls, MUC patients and SUC patients
(400x).
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Table IV. Expression of TNF-a in intestinal epithelium.

Table V. Expression of IL-6 in intestinal epithelium.

Group n Positive X2 P Group n Positive x P
number number

Control group 20 2 Control group 20 1

MUC group 20 10* 7.619  <0.01 MUC group 20 9% 8.533  <0.01

SUC group 20 17+ 22.556  <0.01 SUC group 20 15% 20.417  <0.01

Note: *p<0.05 compared with control group; * p<0.05 compared
with mild UC group.

Note: *p<0.05 compared with control group; 2 p<0.05 compared
with mild UC group.
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Figure 6. Effect of KLF2 on UC development. Protein (A) and mRNA (B) expressions of KLF2 in PBMCs of controls, MUC

patients and SUC patients (***p<0.001).

Discussion

Cytokines have been well applied in treating
UC, including administration of pro-inflammato-
ry cytokine antagonist, anti-inflammatory cyto-
kine antibody, and recombinant anti-inflammatory
cytokine. Animal experiments have showed that
anti-IL-8 antibodies are effective in preventing
immune complex-induced colitis?’. Nowadays, an-
ti-TNF-0. monoclonal antibodies have been used
in the treatment of Crohn’s disease. Experimental
studies of IL-lra and IL-12 antagonists determined

Table VI. Relationship between mRNA level of KLF2 and
cytokines in UC patients.

Cardiac marker r P

IL-6 -0.711 0.000

SUC group IL-8 -0.681 0.017
IL-10 -0.692 0.021

TNF-a -0.726 0.005

IL-6 -0.805 0.000

MUC group IL-8 -0.713 0.012
IL-10 -0.722 0.031

TNF-a -0.821 0.000

promising results in clinical application. Oth-
er studies have pointed out that IL-10 can reduce
acute colitis caused by immune complexes, which
can be used in improving intestinal inflammation
of DSS-induced (dextran sulfate sodium) colitis.

TNF-a is mainly produced by lipopolysaccha-
ride-activated mononuclear macrophages. It has a
wide range of biological activities that participates
in immune responses, body metabolism and in-
flammation. TNF-q, is generally recognized as a cy-
tokine that mediates UC. Relative researches have
shown that TNF-a expression in UC is higher than
that of the colon mucosa without involvement?.

IL-6 is a widely expressed pro-inflammato-
ry cytokine. A series of studies have found that
serum IL-6 levels in UC patients are remarkably
elevated and positively correlated with the extent
and severity of UC*. Grottup et al** reported that
mRNA and protein expressions of IL-6 in mu-
cous membranes of patients with active UC were
higher than those of healthy mucous tissues. IL-6
expression was positively correlated with the in-
flammation grade. These studies all demonstrated
that IL-6 exerts an essential role in UC pathogen-
esis and can be used to monitor disease activity
and therapeutic effects.
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In our work, inflammatory infiltration was
significant in UC tissues. Meanwhile, cytokines
expressions in PBMCs of UC patients were also
remarkably higher than those of controls, which
were more remarkable in SUC patients, all indi-
cating that inflammation and cytokines are close-
ly related to UC development.

KLF2 is a member of the zinc finger Krup-
pel-like transcription factor family (KLFs) and
is widely expressed in lung, spleen, heart, skele-
tal muscle, pancreas and placenta. KLF2 encodes
transcriptional activators and repressor proteins®.
Since it was originally found to be mainly expressed
in the lung, it is also called lung Kruppel-like tran-
scription factor (LKLF). KLF2 is involved in the
development of lungs and blood vessels, as well
as survival, quiescence and migration of mature
T-cells?®. Downregulated KIF2 leads to rapid se-
cretion of cytokines such as IL-1B, IL-8, TNF-a
and monocyte chemotactic protein-1 (MCP-1)¥.
KLF2 exerts a significant anti-inflammatory effect
on lung inflammatory diseases®. Inflammation
can upregulate KLLF2, and KLF2 in turn inhibits
inflammatory progress. However, KLF2 expres-
sion is reduced in chronic lung diseases.

Therefore, we detected KLF2 expressions in
PBMCs of UC patients and normal controls. The
results indicated that UC patients expressed lower
KLF2 expression than that of controls, which was
more significant in SUC patients. It is concluded
that KLF2 exerts a crucial in the occurrence and
development of UC.

Previous studies have already demonstrated the
important role of cytokines in UC. We therefore
speculated whether KLF2 deficiency would lead to
abnormal expressions of cytokines, so as to stim-
ulate inflammation. After detecting mRNA levels
of KLF2 and relative cytokines, it was found that
KLF2 negatively regulates expression levels of IL-
6, IL-8, IL-10 and TNF-a, further suggesting the
importance of KLF2 in UC development.

To sum up, KLF2 was downregulated in UC pa-
tients, which could be served as a monitor in evalu-
ating disease condition. KLF2 was expected to be
anew hallmark of preventing inflammation in UC.

Conclusions

We observed that KLF2 was downregulated in
PBMC:s of UC patients and participated in the inflam-
matory response of UC via regulating expressions of
IL-6, IL-8, IL-10 and TNF-ich could be served as ain-
sights in the treatment of ulcerative colitis.
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