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Correlation between PDGF-BB and M1-type -l
macrophage in inflammatory bowel disease:

a case-control study
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Abstract

Background Inflammatory bowel disease (IBD) is a chronic disease in which macrophages play an important role in
its pathogenesis. Platelet-derived growth factor-BB (PDGF-BB) secreted by macrophages is involved in the repair of
vascular endothelial injury during inflammatory reactions.

Methods The expression levels of M1 macrophages and PDGF-BB in serum and colonic mucosa of 30 patients with
Crohn’s disease (CD) and 30 patients with ulcerative colitis (UC) were measured using enzyme-linked immunosorbent
assays and immunohistochemistry. Logistic regression was used for univariate and multivariate analyses, and receiver
operating characteristic curves were used to evaluate diagnostic value. Associations were evaluated using Spearman
correlation analysis.

Results The expression of serum PDGF-BB and M1 macrophages with positive CXCL9 expression in patients with
active-stage IBD [206.55(160.41,262.90)and 337.30(217.73,472.28) pg/ml] was higher than that in patients with
remission stage [153.42(107.02,219.68)and 218.37(144.49,347.33)pg/ml] and controls [156.19(91.16,216.08)and
191.20(121.42,311.76)pg/ml](P < 0.05). The expression of PDGF-BB, CD86, and CXCL9 in the colon of patients with
active-stage IBD [0.380(0.266,0.542) 0.663(0.480,0.591) and 0.564(0.378,0.765) /um?] was higher than that in the
remission stage [0.308(0.214,0.420), 0.376(0.206,0.591) and 0.413(0.275,0.570) /um?] and controls [0.265(0.185,0.384),
0.416(0.269,0.534) and 0.497(0.415,0.642) /um?] (P <0.05). A positive correlation was observed between CD86 and
PDGF-BB, and CXCL9 and PDGF-BB levels in patients with IBD (P <0.05). CD86 and PDGF-BB in the colonic mucosa
were independent risk factors for active IBD, and the area under the curve for their combined diagnosis was 0.754
(95%Cl: 0.654-0.852, P<0.05).

Conclusions PDGF-BB was associated with M1 macrophages and has a potential diagnostic value for active IBD.
Trial registration Not applicable.
Highlights

A potential correlation was observed between PDGF-BB and M1 macrophages.

CD86 and PDGF-BB in colonic mucosa were independent risk factors for active IBD.
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- PDGF-BB and M1 macrophages with positive CXCL9 expression were significantly increased during active IBD.

Keywords Inflammatory bowel disease, Crohn's disease, Ulcerative colitis, Macrophage, Platelet-derived growth

factor-BB

Background

Inflammatory bowel disease (IBD) mainly includes
Crohn’s disease (CD) and ulcerative colitis (UC). This
group of chronic nonspecific inflammatory diseases of
the gastrointestinal tract is characterized by easy recur-
rence, imbalance in intestinal mucosal immune regula-
tion, and lifelong duration [1]. The pathogenesis of IBD
originates from the interaction between the host and
external factors, including the intestinal microbial sys-
tem, immune system, genetic composition of the host,
and specific external factors [2]. In IBD, microvascular
endothelial cells are a crucial barrier between the blood
and tissue microenvironment [3]. Destruction of the
intestinal barrier results in many unfavorable factors,
including increased intestinal permeability, immune
homeostasis disorders, and aggravation of intestinal
inflammation, which can lead to intestinal diseases [4, 5].

In IBD, the mechanism involved in the regression of
inflammatory reactions changes, leading to a persistent
and highly inflammatory state in the intestine. A large
number of cytokines and active substances used to kill
antigens and invading microorganisms can cause intes-
tinal damage, which aggravates intestinal infection and
stimulates an autoimmune response [6]. Macrophages
play an important role in innate immunity and exhibit
strong plasticity. They can change their phenotype and
function by integrating environmental stimuli, thereby
responding quickly to various antigens [7]. When IBD
occurs or other pathogens invade, chemokines, such as
chemokine (C-C motif) ligand 2 and chemokine (C-C
motif) ligand 7, secreted by intestinal tissue-colonized
macrophages increase [8], and these chemokines induce
monocyte chemotaxis from the periphery to the intes-
tine, and the rapidly increasing monocytes mainly dif-
ferentiate into M1 macrophages. The expression of M1
macrophages and intestinal mechanical barriers are at
the core of intestinal homeostasis system [9].

M1 macrophages are the main producers of the C-X-C
motif chemokine ligand 9 (CXCL9) [10]. CXCL9 and
CXCL10 have been identified as potential early biomark-
ers to predict the response to immunoscreen inhibitors
[11], and they participate in the chemotaxis of Th1 cells
through overexpression. The secretion of interferon-y
(IEN-vy) after Th1 cells are recruited and activated induces
macrophages to differentiate into M1 macrophages and
enhance the expression of CXCL9, thus forming an
amplification feedback pathway of IBD inflammation [12,
13] with resulting damage to the intestinal epithelium.
However, the mechanisms underlying intestinal mucosal

repair and microvascular dysfunction involving macro-
phages in IBD are poorly understood. Therefore, there
is an urgent need to explore the molecular mechanism
underlying the occurrence and progression of IBD to deal
with the problems of inflammation and intestinal barrier
destruction caused by these diseases.

Vascular endothelial injury also accelerates tissue
necrosis and inflammation, with the self-repair mecha-
nism of vascular endothelial harm likewise being trig-
gered [14]. Platelet-derived growth factor (PDGF)
comprises a family of cysteine growth factors and four
closely similar polypeptide chains (A, B, C and D). Dur-
ing tissue regeneration, platelets and monocytes/macro-
phages gather in the injured area, stimulating fibroblasts
to contract the collagen matrix, and fostering the devel-
opment of granular tissue and tissue regeneration
through the release of PDGF-BB. The role of PDGF-BB
in IBD remains a subject of debate. PDGF-BB is highly
expressed in the inflammatory activity of IBD, suggest-
ing that PDGF-BB promotes an inflammatory response
in IBD [15]. Some studies have suggested that PDGF-BB
plays a protective role against intestinal inflammatory
reaction [16]. In this study, we observed the dynamic
changes in PDGEF-BB expression in the serum and colon
of patients with IBD at different disease stages and dis-
cussed the correlation between PDGF-BB and M1 mac-
rophages in IBD to provide ideas for studying the targets
regulating the IBD inflammatory response and mucosal
repair.

Methods
Patients
From January 2021 to May 2023, 60 patients newly diag-
nosed with IBD, including 30 with CD and 30 with UC,
were selected from the Department of Gastroenterol-
ogy, Jiaxing Second Hospital. Thirty healthy controls
were recruited from an outpatient clinic during the same
period. All patients were divided into the IBD patient and
control groups after medical history collection, physical
examination, laboratory examination, imaging examina-
tion, colonoscopy, and pathological examination. Exclu-
sion criteria included: (1) Patients with age below 14 or
above 80 years old; (2) Patients with heart, lung, kidney,
liver or other organic diseases; (3) Patients with tumor,
blood system diseases or other autoimmune diseases; (4)
Pregnancy and lactation.

Patients were divided into active and remission IBD
groups (patients with active IBD entered remission after
12 weeks of standardized drug treatment, according to
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the guidelines). Crohn’s disease activity index(CDAI) was
used to assess disease activity of CD. CDAI between 150
and 220 meant mild, between 220 and 450 meant mod-
erate, and more than 450 meant severe CD disease. The
Mayo score was used to assess disease activity of UC. The
Mayo score ranged from 0 to 12, with higher scores indi-
cating more severe disease. The disease sites of patients
with CD and UC were classified according to the Mon-
treal phenotypic classification mentioned in the consen-
sus and were divided into L1/E1(CD terminal ileum /UC
rectum), L2/E2(CD colon/UC left colon), and L3/E3(CD
ileocolon/UC extensive colon). The disease behavior of
the patients with CD was also classified according to the
Montreal phenotypic classification, which was divided
into B1 (non-stenosis and non-penetration), B2 (steno-
sis), and B3 (penetration) types.

The diagnosis of IBD, the stages of disease activity
(active and remission stages), and the standardized drug
treatment scheme all met the diagnostic criteria of the
Consensus Opinion on Diagnosis and Treatment of IBD
(Beijing, 2018) [17].

Sampling and preservation

Two milliliters of fasting elbow venous blood was col-
lected from patients with active IBD and controls on day
1 of our hospital visit. Patients with active IBD were re-
sampled when they entered remission. Blood samples
were centrifuged at 3000 rpm for 10 min after self-coag-
ulation in a blank vacuum tube, and serum was collected
and stored at -20°C.

Patients and the control group provided biopsy samples
during informed consent colonoscopy and stored them at
-80°C. Biopsy samples were obtained from patients with
active IBD at the edge of the ulcer from the colonic seg-
ment with the highest grade of colonic mucosal inflam-
mation. Patients with IBD in remission who underwent
colonoscopy obtained biopsy samples from the same
sampling colonic segment. In the control group, colonic
mucosa was biopsied from the middle of the sigmoid
colon.

Measurement of cytokines by enzyme-linked
immunosorbent assay

According to the guide provided by the enzyme-linked
immunosorbent assay (ELISA) kit manufacturer, the con-
centration of cytokines in serum, including IFN-y (Pro-
teintech, #KE00146), CXCL9 (Proteintech, #KE00165),
and PDGF-BB (Proteintech, #KE00161), was quantified.
The concentration of each serum sample was measured
twice with a full-wavelength enzyme-labeling instru-
ment (Thermo Scientific) and averaged as the final
concentration.
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Immunohistochemistry assay

Colonic mucosa was embedded in paraffin, dewaxed, and
hydrated routinely, treated with 0.01 mol/L citric acid
buffer (pH 6.0) at 95°C for 20 min, washed with 3% hydro-
gen peroxide for 10 min, and then dyed. The sample was
dyed with drops of primary antibodies, including rabbit
anti- CD86 (Abcam, #ab234401), rabbit anti- CXCL9
(Abcam, #ab202961), and rabbit anti-PDGF-BB (Abcam,
# ab23914), incubated at 4°C overnight. Then it was
washed and combined with secondary antibody (Zhong-
shan Jinqiao Biotechnology, PV-8000).The slide and the
secondary antibody were incubated at 37°C for 30 min.
Finally, the sections were stained with DAB and Har-
ris hematoxylin, sequential water washing, dehydration,
transparency, and film sealing were performed. Images
were captured under a microscope (Nikon Eclipse 80i).
The positive area is showed in brownish yellow. Carl
Zeiss Imaging Systems software was used for image anal-
ysis. Positive index of each kind of cytokine was obtained:
total optical density (X positive area of the site x aver-
age optical density of the site)/image area (um [2]). The
higher the yellowness of the photo taken, the greater the
positive index value.

Statistical analysis

Data were analyzed using IBM SPSS Statistics 23 (IBM
SPSS, Turkey). Frequencies and percentages were used
to describe count data. The meanztstandard deviation
(x*s) was applied to describe the normally distributed
continuous data, and between-group comparisons were
made using an independent-samples t-test. If the data
were skewed, the median (upper quartile Q1, lower quar-
tile Q3) was used to describe the data, and ANOVA test
was used for comparisons. The chi-square test was used
for between-group comparisons of count data. The Wil-
coxon signed-rank test was used to compare the different
disease stages in each group. Spearman’s text was used
for correlation analysis. Logistic regression analysis was
used for univariate and multivariate analyses. Statistical
significance was set at P<0.05 for all comparisons.

Study approval

This trial was approved by the hospital ethics committee.
All patients provided written informed consent before
the first study procedure.

Results

Demographical and clinical parameters

Patients with IBD and healthy controls are shown in
Table 1. Sixty patients (UC, n=30; CD, n=30) and 30
healthy controls participated in this study, among these
48 (53.3%) were male. Disease duration of IBD patients
ranges from 0.5 to 10 years. The average age of the UC
group (47.9+17.1) was higher than that of the CD group
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Table 1 Demographic and clinical data of IBD patients and

controls
CD(n=30) UC(n=30) controls
(n=30)
Male (n, (%)) 19 (63.3) 16 (53.3) 13 (43.3)
Agelyears, T + s) 374125 4794171 43+149
BMI (kg/m2, T £ s) 214£36 206+3.0 221427
Smoking(n, (%)) 4(133) 4(13.3) 5(16.7)
Alcohol(n, (%)) 4(13.3) 3(10.0) 5(16.7)
hsCRP(mg/L, 6.36 (2.02,1245)* 391 157
Me(Q1,Q3)) (0.61,18.83)*  (0.00,3.24)
ESR(mm/h, Me(Q1,Q3))  14.5 (4.7,34.0) 13.5(4.7,26.5)
TG(mmol/L, Me(Q1,Q3)) 1.08 (0.84,1.22) 0.98 1.03
(0.67,1.51) (0.93,1.41)
TC (mmol/L, 3.79 (3.49/4.34) 4.08 3.28
Me(Q1,Q3)) (3.46,4.76) (2.98,2.68)
LDL (mmol/L, 2.20(1.86,2.56) 2.20 222
Me(Q1,Q3)) (1.78,2.75) (1.88,2.99)
Hb (g/L, Me(Q1,03)) 131(119,147) 131(117,145) 139
(131,147)
FC-positive (n, (%)) 13 (43.3) 18 (60.0)

CDAI/Mayo
score(Me(Q1,03))
Lesion sites (n, (%))

217.8(200.7,235.0)  9(7,10)

L1/E1 4(13.3) 2(6.7)
L2/E2 6 (20.0) 2 (40.0)
L3/E3 20 (66.7) 16 (53.3)
Disease behavior (n

(%))

B1 13(433)

B2 15 (50.0)

B3 2(67)

* means p<0.05

(37.4112.5) and control group (43+14.9) without statisti-
cal difference (P>0.05). Non-significant differences were
observed among the three cohorts in terms of body mass
index (BMI) and smoking status, alcohol intake, triglyc-
eride (TG), total cholesterol (TC), low-density lipopro-
tein (LDL), and hemoglobin (Hb) levels, with all P values
exceeding 0.05. Similarly, no significant variations were
identified in high-sensitivity C-reactive protein (hsCRP),
erythrocyte sedimentation rate (ESR), prevalence of fecal
calprotectin (FC) positivity, or distribution patterns of
lesions within the patient groups (P>0.05). However, it
is of great importance to note that hsCRP concentrations
in the patient group were significantly elevated compared
with those in the control group.

Difference in serum cytokine expression between different
stages of IBD and controls

To study the characteristics of M1 macrophages and
PDGE-BB in IBD, the abundance of macrophages and the
levels of PDGF-BB in the serum and mucosa of patients
with UC and CD were detected using ELISA and immu-
nohistochemistry. The expression of IFN-y, CXCL9, and

Page 4 of 9

PDGEF-BB in the serum of the CD and UC groups was
significantly higher than that in the remission period
and the control group (P<0.05) (Fig. 1A and C). Further
immunohistochemical analysis demonstrated that CD86
and M1 macrophages with positive CXCL9 expression
and PDGE-BB were significantly abundant in the colonic
mucosa of the active IBD group (including the UC and
CD groups) (P<0.05) (Fig. 1D and G). The remission
group was not significantly different from the control
group (P>0.05).

Risk factors related to disease activity in patients with IBD
Univariate analysis showed that hsCRP, Hb, three factors
in serum (IFN-y, CXCL9, and PDGE-BB), and three fac-
tors in colonic mucosa (CD86, CXCL9, and PDGF-BB)
were risk factors for patients with active IBD (P<0.05).
Furthermore, these factors were included in the multi-
variate analysis. The results suggested that colonic CD86
(OR: 1.345; 95%CI (1.005-1.799)) and PDGF-BB (OR:
1.643; 95%CI (1.005-2.688)) were independent risk fac-
tors for patients with active IBD (P< 0.05) (Table 2).

Correlation analysis between M1 macrophage and
PDGF-BB in patients with IBD

M1 macrophages with positive CXCL9 expression were
positively correlated with PDGF-BB levels in patients
with IBD (Spearman’s rho=0.293, P<0.05). A positive
correlation was observed between CD86 and PDGF-BB
expression in the colon (r=0.503, P<0.05), and M1 mac-
rophages with positive CXCL9 expression showed posi-
tive correlation with PDGF-BB expression in the colon.
(r=0.277, P<0.05) (Fig. 2A and C).

Receiver operating characteristic curve analysis of colon
CD86 and PDGF-BB in patients with IBD

Colonic CD86 and PDGF-BB levels are independent risk
factors for active IBD. Receiver operating characteristic
(ROC) curve analysis showed that colonic CD86, PDGE-
BB, or their combination could be used to diagnose active
IBD (P<0.05). The area under the curve (AUC) was 0.662
(95% CIL 0.549-0.775), 0.718 (95% CI: 0.611-0.824),
and 0.754(95% CI: 0.654—0.852), and the sensitivity was
51.7% and 43.3%, respectively. The optimal critical values
of CD86 and PDGEF-BB for diagnosing active IBD were
0.652/um? and 0.440/um?, respectively (Fig. 3).

Discussion

This study provides evidence for a correlation between
M1 macrophages and PDGF-BB in active IBD. The
expression of macrophage biomarkers and PDGF-BB of
serum and colonic mucosa in the UC and CD groups was
significantly higher than that in the remission and con-
trol groups. In this study, CD86 and PDGF-BB levels in
mucosal tissue were found to be independent risk factors
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Fig. 1 Expression of different factors in the serum and colonic tissue of patients with IBD at different stages (A-G) Comparison of serum IFN-y (A), CXCL9

(B), and PDGF-BB (C) levels in patients with IBD at different stages of the disease and the control group. Comparison of the levels of CD86 (D), CXCL9 (E),

and PDGF-BB (F) in colon tissues of patients with IBD at different disease stages and the control group. Pathological immunohistochemical analysis of

CD86, CXCL9, and PDGF-BB in colonic tissues of patients with IBD at different stages and the control group (G)

for active IBD through univariate and multivariate analy- In the present study, significantly increase of the
ses. Biomarkers of M1 macrophages were significantly = expression of M1-type macrophages and its related fac-
correlated with PDGF-BB in both the serum and colonic  tors was observed in patients with IBD during the disease
mucosa of patients with IBD. activity stage. M1-type macrophages, as an independent
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Table 2 Univariate and multivariate analysis of related risk
factors of active IBD

univariate multivariate
OR(95%Cl) P OR(95%Cl) P
Sex 0.546(0.225- >0.05
1.325)
Age 0.999(0.971- >0.05
1.028)
BMI 0.899(0.781- >0.05
1.036)
hsCRP 1.287(1.083- <0.05 1.152(0.967- >0.05
1 529) 1.373)
TC 13(0.197- >0.05
1 333)
TG 1.274(0.806,2.013) >0.05
LDL 0.820(0471- >0.05
1.428)
Hb 0.974(0.950- <0.05 0.987(0.944- >0.05
0.999) 1 033)
serum IFN-y 1.176(1.038- <0.05 1.145(0.959- >0.05
1.333) 1 .369)
CXCL9 1.004(1.001- <0.05 1.002(0.998- >0.05
1 007) 1.006)
PDGF-BB 10(1.003- <0.05 1 009(1 .000- >0.05
16) 18)
co- CD86 19(1.066— <005 1. 345(1 .005- <0.05
lonic 1 631) 1.799)
mu- CXCL9 1.366(1.103- <0.05 1 342(0 995- >0.05
cosa 1691) 10)
PDGF-BB 1.761(1.249— <005 1 643(1 .005- <0.05
2482) 2.688)

risk factor for IBD activation, had a clear diagnostic
value for active IBD, which demonstrated the important
role of M1-type macrophages in IBD disease activation.
Through the study of patients with IBD, it has been found
that M1 macrophages are involved and play multiple
roles. Immune effector cells against antigens in the innate
immune system include M1 macrophages, dendritic cells,
and intestinal epithelial cells, which present antigens and
activate adaptive immunity, resulting in intestinal tissue
damage [18, 19].
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Typically, activated M1 macrophages and alternately
activated M2 macrophages play important roles in the
progression of IBD. In intestines of general persons, M2
macrophages, which have anti-inflammatory effects, are
commonly found. However, in patients with IBD, the
expression of M1 macrophages changes significantly [20—
22]. Obvious changes were observed in the recruitment
and number of macrophages in patients with IBD. These
cells produce a large number of proinflammatory factors
such as tumor necrosis factor-a (TNF-a), interleukin-1p
(IL-1p), IL-6, IL-12, and IL-23 [23, 24]. Additionally, they
express triggering receptor expressed on myeloid cells-1
(TREM-1), which effectively amplifies inflammatory
reactions in the intestine. The secretion of pro-inflamma-
tory cytokines IL-6, IL-12, TNF-a, and IL-1f in M1 mac-
rophages pretreated with lupeol decreased significantly,
whereas the secretion of anti-inflammatory cytokine
IL-10 increased significantly, which was related to the
downregulation of the typical M1 macrophage marker
CD86 and the upregulation of the typical M2 macro-
phage marker CD206 [25]. Our study highlighted the
important role of M1-type macrophages in IBD inflam-
matory response, which participated in IBD inflamma-
tory activities together with other IBD pro-inflammatory
factors, such as IFN-y and CXCL9.

In addition, our study showed that in addition to
M1-type macrophages, Ml-related proinflammatory
factor IFN-y and chemokine CXCL9 were significantly
increased in IBD, with the expression levels significantly
higher in the active IBD than in the remission stage,
which suggested that M1-related cytokines IFN-y and
CXCL9 were correlated with IBD inflammatory activa-
tion, both in serum and colonic mucosa. Based on univar-
iate analysis, both IFN-y and CXCL9 were risk factors for
IBD, which supported the important role of the inflam-
matory pathway with IFN-y, M1-type macrophages and
CXCL9 in IBD. Chen et al. confirmed the causal relation-
ship between CXCL9, CXCL11, Casp8, and UC through
a Mendelian randomized analysis. Further analysis found

a b c
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Fig. 2 Spearman correlation analysis between CD86, CXCL9, and PDGF-BB in patients with IBD (A-C). (A) CXCL9 and PDGF-BB in serum. (B) CD86 and

PDGF-BB in colonic tissue. (C) CXCL9 and PDGF-BB in colonic tissue
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that increased expression of CXCL9, CXCL11, and Casp8
was of great importance in UC [26]. A retrospective
study demonstrated significant differences in the serum
concentrations of nine cytokines/chemokines between
patients with IBD in the active and remission stages. The
serum concentration of CXCL9 in patients with active-
stage IBD was higher than that in patients with IBD in
the remission stage [27]. Similar results were found in
the serum and colon tissues, indicating that CXCL9 is a
potential risk factor for IBD. Increased expression of key
factors secreted by M1 macrophages (CXCL9, CXCL10,
CXCL11, and CD40) in IBD recruits and activates T cells
[12]. This provided a perspective for clinical research and
treatment. Doctors can alleviate inflammatory symp-
toms and T-cell infiltration in patients by regulating the
expression of key factors in M1 macrophages. The results
of the present study demonstrate that M1 macrophages
and its related cytokines play a critical role in active IBD,
which provided a potential target for clinical treatment of
IBD.

Interestingly, the results of the current study found that
PDGF-BB was highly expressed in serum and colonic
mucosa during the active stage of IBD disease, suggest-
ing that PDGE-BB also played an important role in the
inflammatory activation of IBD. In addition, PDGF-BB,
as an independent risk factor for active IBD, has diag-
nostic value for IBD disease activation as well as MI.
This makes us wonder how PDGF-BB, which is usually
involved in mucosal repair, is involved in the inflamma-
tory response in IBD. The involvement of PDGF-BB in
inflammatory responses in IBD is uncommon in previous

studies. PDGF is a double-stranded polypeptide origi-
nally found in platelets [28, 29], and consists of five poly-
peptide subtypes [30]. PDGEF-BB is an effective mitogen
of many cell types (31-32) with angiogenesis ability and
is considered a key regulator of tissue repair and regen-
eration [33]. The relationship between PDGF-BB and
inflammatory reactions has gradually emerged in many
disease fields, including respiratory diseases [34], oph-
thalmology [35], and orthopedics [36], but is lacking in
IBD. Margarita et al. found that PDGF-BB was positively
correlated with the expression of inflammatory factors
such as IL-4, IL-8, IL-15, and IL-17 in IBD serum, sug-
gesting that PDGF-BB is involved in the progression of
IBD. Activated inflammatory cells would release PDGF-
BB, which acts as a chemical inducer and participates
in the recruitment and activation of inflammatory cells,
eventually leading to the continuation of the disease [15].
Myeloid PDGF receptor alpha protects the intestinal flora
and maintains intestinal homeostasis by activating mac-
rophages to polarize into anti-inflammatory phenotype
[16]. M1 macrophages have the main pro-inflammatory
and anti-angiogenic effects [37, 38], and were positively
correlated with the expression of PDGF-BB in the pres-
ent study, suggesting that M1 macrophages were also
involved in the high expression of PDGF-BB. In systemic
sclerosis, CXCL4 activates macrophages and leads to an
increase in PDGF-BB release, thus promoting an increase
in pro-inflammatory cytokines expression and fibrosis
formation. PDGF-BB also leads to an increase in chemo-
kine expression, such as that of CXCL9 [39]. The pres-
ent study demonstrated that the expression of PDGF-BB
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was positively correlated with that of CXCL9, suggesting
that the correlation between PDGF-BB and chemokines
should be considered. In univariate and multivariate
analyses, CD86 and PDGF-BB were independent risk
factors for patients with IBD (P< 0.05). The results of the
multivariate analysis showed that CXCL9 was not signifi-
cant, which may result from the insufficient sample size;
future studies should be performed in in vivo and vitro
with larger clinical sample sizes to validate these results.
Besides, further studies remain to be conducted on which
specific signaling pathway PDGF-BB participates to play
its dual role in different stages of IBD disease, so as to
find therapeutic targets for regulating IBD inflammatory
activity and promoting mucosal repair in the early stage
of the disease.

This study has some limitations, which are mainly
reflected in the small sample size, single-center research,
lack of research on the correlation between other factors
related to M1 macrophages and PDGF-BB, except che-
mokines, lack of quantitative detection of fecal calprotec-
tin, comparison to adjustment “normal” mucosa in active
IBD, and further animal model verification and explora-
tion of cell pathways.

Conclusions

In summary, active IBD was accompanied by an increase
in the expression of PDGF-BB, CXCL9, and M1 mac-
rophages, among which the colonic PDGF-BB and M1
macrophage marker CD86 were independent risk factors
for disease activity and had diagnostic value. CXCL9 was
a potential risk factor for IBD. In addition, a potential
correlation was observed between colon PDGF-BB and
M1 macrophages.
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