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Abstract

N

To investigate the diagnostic utility of serum platelet factor 4 (PF4) levels and to assess its accuracy in detecting inflammatory bowel |
disease activity.

This study included 45 patients with ulcerative colitis (UC), 45 patients with Crohn disease (CD), and 30 control subjects at Jinling
Hospital between May 2014 and July 2015. Laboratory tests measured white blood count, C-reactive protein, erythrocyte
sedimentation rate, and platelet count. PF4 was examined by enzyme-linked immunosorbent assays. Patients were divided into 2
groups according to disease activity: active and inactive.

Median PF4 values dramatically increased in UC and CD patients compared with the healthy group (UC: 26.64 [20.00-36.22]mg/
mL vs 20.02 [14.63-26.83]mg/mL, P=0.002; CD: 25.56 [18.57-36.36]mg/mL vs 20.02 [14.63-26.83]mg/mL, P=0.014);
however, the serum PF4 levels between UC and CD failed to show a significant difference (26.64 [20.00-36.22]mg/mL vs 25.56
[18.57-36.36] mg/mL, P=0.521). Furthermore, serum PF4 levels were elevated in both UC and CD patients with active disease (UC:
20.19 [14.89-23.53]mg/mL vs 28.86 [22.57-37.29)mg/mL, P<0.001; CD: 18.33 [16.72-25.77]mg/mL vs 34.38 [22.58-39.92]
mg/mL, P <0.001). Multivariate analysis revealed higher PF4 level as an independent predictor of disease activity in UC and CD
patients (UC: odds ratio 30.375, P=0.002; CD: odds ratio 54.167, P < 0.001). The cut-off level of PF4 for distinguishing active from
inactive UC patients was 24.1 mg/mL. While in CD patients, the cut-off level of PF4 was 19.24 mg/mL.

Serum PF4 levels could be a potential biomarker for monitoring the disease activity of inflammatory bowel disease.

Abbreviations: AUC = the area under the curve, CD = Crohn disease, CDAI = Crohn Disease Activity Index, CRP = C-reactive
protein, ELISA = enzyme-linked immunosorbent assay, ESR = erythrocyte sedimentation rate, IBD = inflammatory bowel disease,
PF4 = serum platelet factor 4, PLT = platelet count, ROC = receiver-operating characteristic, UC = ulcerative colitis, WBC = white

blood count.
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1. Introduction

Ulcerative colitis (UC) and Crohn disease (CD), collectively
named inflammatory bowel diseases (IBDs), are chronic,
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relapsing, inflammatory disorders of the gastrointestinal tract
that can lead to digestive disability.*! Symptoms include
abdominal pain, diarrhea, bloody stools, weight loss, and fever.
Mucosal lesions for UC patients are confined to the large intestine
and rectum, whereas CD is characterized by skip lesions and
could involve the whole gastrointestinal tract. Most patients are
between the age of 15 and 40 years.’! The etiology of IBD is
unknown, but the disease is thought to involve a complex
interplay among genetic and environmental factors.'! Charac-
terized by its repetitiveness, patients with IBD are often required
to continually evaluate disease activity to ensure a prompt
therapeutic regimen. Serological markers such as C-reactive
protein (CRP) and erythrocyte sedimentation rate (ESR) are
routinely tested, but they are nonspecific and minimally reliable
for IBD.I! More recently, fecal calprotectin has been used for
diagnosing IBD, predicting clinical relapse and monitoring
disease activity.'*®! However, some studies imply that fecal
calprotectin results are less reliable in some cases.”?! To date,
the initial evaluation of UC activity and CD activity integrates
clinical symptoms and physical findings with imaging and
laboratory tests, including endoscopic examination.!'3! Repeated
endoscopic examinations are often needed to accurately evaluate
mucosal lesions and assist clinicians in choosing correct
therapeutic interventions. In addition to the economic burden
on patients and the need for complicated procedures, it is also
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challenging to monitor ulceration in the distal ileum. Therefore,
an easily accessible surrogate marker to accurately reflect disease
activity is strongly desirable.

An initial exploration into the role of platelets in IBD came
from an awareness of thrombocytosis as a marker of disease
activity.*! Danese et al™! reported the existence of platelet
dysfunction in the peripheral circulation of IBD patients, which
may contribute to inflammation. Platelet factor 4 (PF4) belongs to
the CXCL chemokine family with anti-heparin activity and is
released from platelet a-granules when platelet activation
occurs.!'®! Dating back to 1987, Simi et al'”! demonstrated
that plasma PF4 levels were significantly higher in CD patients
compared with that in healthy volunteers, but they failed to find a
correlation between PF4 levels and disease activity. Recently,
Takeyama et al''® showed that PF4 levels were highly correlated
with the Crohn Disease Activity Index (CDAI) in CD patients
with low CRP levels.

Based on these conflicting results, the aim of our study is to
investigate serum PF4 levels in patients with UC and CD, and
further, to explore the relationships between PF4 levels and
disease activity. Afterwards, we would like to compare the
accuracy of PF4 with other common serum markers that are
currently used in clinical practice.

2. Materials and methods

2.1. Patients

This prospective study of a single-center cohort included 120
subjects who referred to the Department of Gastroenterology and
Hepatology of Jinling Hospital from May 2014 to July 2015,
including 45 UC patients, 45 CD patients, and 30 healthy
controls, and followed both active and inactive phases of the
diseases. The IBD diagnosis was documented according to
established criteria."”! Subsequent patients with confirmed IBD
were asked to participate in the study. Patients were excluded
according to the following criteria: patients who were under the
age of 18; those who showed remarkable evidence of systemic
infection; those who had Clostridium difficile infection or liver
dysfunction or renal dysfunction; those who had hematological
diseases; and those who did not agree to participate in the study.
As for UC patients, clinical disease activity was evaluated using a
modified Mayo score. Patients with a score of 3 or higher were
considered to be active.?! The disease activities of CD patients
were evaluated according to Harvey—Bradshaw, and active was
defined as the CDATI higher than a score of 150.*' All included
patients were given written informed consent which was
organized in accordance with the guidelines written by the
Ethics Committee of Jinling Hospital and agreed to participate in
the study.

2.2. Laboratory tests

Blood was drawn from each participant at the time of entry. IBD
patients and healthy controls were measured for white blood
count (WBC), ESR, CRP, platelet count (PLT), and PF4 levels.
The PF4 serum concentrations were determined using a specific
enzyme-linked immunosorbent assay (ELISA) procedure accord-
ing to the manufacturer’s instructions (R&D Systems, Minne-
apolis, MN). Three samples of known concentration were tested
20 times on 1 plate to assess intra-assay precision, and also tested
in 20 separate assays to assess interassay precision. Detailed data
on the imprecision of the employed PF4 ELISA were listed in
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Table S1 (http:/links.lww.com/MD/B599). The minimum de-
tectable dose of human PF4 ranged from 0.010 to 0.100 ng/mL.
Blood samples were collected from a peripheral vein after an
overnight fast and were subjected to centrifugation at a speed of
3000 revolutions per minute for 10 minutes at 4°C to obtain
serum. Serum samples were stored at —80°C. Also, when
measuring PF4 levels, serum samples were thawed on ice and
diluted at 1:400. An amount of 50 uL of standard, control, or
sample was added to per well. Calibrator diluent was used as the
control for PF4 ELISA. The plates were read on a Spectra reader
(Bio-Rad) at an optical density of 450nm. The ELISA kit
measures in the ng/mL range, but the data were too large if
expressed as ng of PF4 per mL of sera. Thus, the data were
expressed as mg of PF4 per mL of sera.

2.83. Data analysis and statistics

All statistical analyses were performed using Statistical Package
for Social Sciences (SPSS) version 13 software (SPSS Inc.,
Chicago, IL). Quantitative results were presented in the study as
the median (interquartile range [IQR]). Normal distribution of
the variables was assessed by Kolmogorov—Smirnov test. P values
below 0.05 indicate these variables have a nonparametric
distribution. Data with parametric distribution were analyzed
using unpaired Student # tests or 1-way analysis of variance
(ANOVA). Data with nonparametric distribution were analyzed
by the Mann—Whitney U test or Kruskal-Wallis test. Fisher exact
test was used for categorical variables. The Spearman rank
correlation coefficient was used to analyze the correlation
between PF4 and other markers. Receiver-operating characteris-
tic (ROC) analyses were performed. Active UC or CD patients
were defined as “1,” inactive UC or CD patients were defined as
“0,” and the value of “state variable” was 1. Then SPSS
outputted ROC curves, and also the coordinate points. The best
thresholds of PF4, CRP, ESR, PLT, and WBC levels for the
evaluation of disease activity were determined using Youden
index. Then the maximal areas under the ROC curves were
calculated.””! To identify predictors of disease activity in UC and
CD patients, multivariate analysis was performed using binary
logistic regression analysis. PF4, CRP, ESR, PLT, and WBC were
adjusted by “Forward: LR” method of statistical program as
covariates in regression model. P values below 0.05 were
considered statistically significant.

3. Results

3.1. Patient characteristics

The demographic and clinical characteristics of the enrolled
subjects are summarized in Table 1. The groups showed
similarity in sex and age, but there were significant differences
between the UC and CD groups with regard to disease activity
(P=0.044, Fisher exact test), which likely resulted in statistically
significant differences in median CRP and WBC levels between
UC and CD patients. Table 1 showed that median CRP in UC and
CD were 6.50 and 2.50 mg/L, respectively. The median level of
WBC for UC patients was 7.40 x 10° and 5.20 x 10° for CD
patients. Median PF4 values were significantly higher in UC and
CD patients compared with healthy groups (UC 26.64 mg/mL vs
HC 20.02 mg/mL, P=0.002; CD 25.56 mg/mL vs HC 20.02 mg/
mL, P=0.014, Mann-Whitney U test); however, the difference
between UC and CD groups in terms of serum PF4 levels was
statistically insignificant (P=0.521, Mann—Whitney U test). No
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Characteristics and comparison of PF4 with other laboratory markers between patients and control group (%).

UC (n=45) CD (n=45) HC (n=30) P

Mean age 38.00+13.85 36.07+11.40 36.47 +£6.39 0.707

Sex (F/M) 25 (56)/20 (44) 30 (67)/15 (33) 15 (50)/15 (50) 0.325

Inactive/active 10 (22)/35 (78) 19 (42)/26 (58) 0.044

PF4 26.64 (20.00-36.22) 25.56 (18.57-36.36) 20.02 (14.63-26.83) 0.006 UC vs CD 0.521
UC vs HC 0.002
CD vs HC 0.014

CRP 6.50 (2.70-24.95) 2.50 (1.10-7.95) 3.31 (2.04-5.82) 0.014 UC vs CD 0.023
UC vs HC 0.006
CD vs HC 0.905

ESR 13.00 (7.00-38.00) 20.00 (10.50-32.00) 13.00 (10.75-17.00) 0.087

PLT (x109 267.00 (195.00-344.50) 242.00 (161.00-319.50) 236.00 (198.25-275.25) 0.147

WBC (x10% 7.40 (5.45-10.40) 5.20 (4.05-6.90) 5.80 (5.30-7.18) <0.001 UC vs CD <0.001

UC vs HC 0.014
CD vs HC 0.033

Data are expressed as absolute numbers (percentage), mean+SD, median (IQR).

CD =Crohn disease, CRP = C-reactive protein, ESR=erythrocyte sedimentation rate, F=female, HC = healthy control, M=male, PF4 =platelet factor 4, PLT =platelet count, UC = ulcerative colitis, WBC=

white blood count.

Correlations of serum PF4 with other serum regular markers.

Spearman P Spearman P
uc CRP —0.050 0.746 cD CRP 0.165 0.279
ESR —0.236 0.118 ESR 0.390 0.008
PLT 0.211 0.163 PLT 0.314 0.036
WBC 0.286 0.057 WBC 0.100 0.514

CD=Crohn disease, CRP = C-reactive protein, ESR=erythrocyte sedimentation rate, PLT =platelet count, UC = ulcerative colitis, WBC =white blood count.

correlation was found between PF4 and other inflammatory
markers for UC patients (Table 2). As for CD patients, both PLT
and ESR were correlated with PF4 (PLT: r=0.314, P=0.036;
ESR: r=0.390, P=0.008, Spearman rank correlation coefficient;
Table 2).

3.2. Median PF4 levels of active and inactive IBD patients

As shown in Tables 3 and 4, median PF4 values were significantly
higher in active patients when compared with patients in
remission (UC: 20.19 vs 28.86 mg/mL, P<0.001; CD: 18.33
vs 34.38 mg/mL, P<0.001, Mann—Whitney U test). For UC
patients, other inflammatory markers were not significantly
higher in active patients (CRP: 6.35 vs 6.50mg/L, P=0.718; ESR:
11.00 vs 15.00 mm/h, P=0.606; PLT: 253.00 x 10” vs 267.00 x
10°, P=0.219; WBC: 6.60x10° vs 7.70x 10°, P=0.469,
Mann-Whitney U test). For CD patients, both median ESR

Median levels of PF4 and other laboratory markers in UC patients
in relation to disease activity.

and PLT levels were significantly elevated in active patients (ESR:
12.00 vs 23.50 mm/h, P=0.047; PLT: 199.00 x 10° vs 267.00 x
10%, P=0.018, Mann—Whitney U test). Serum PF4 level of each
individual was shown in Fig. 1.

3.3. ROC analysis

The ROC curve analyses suggested that the optimum serum PF4
cut-off point to distinguish active patients from inactive patients
was 24.1mg/mL for UC patients and 19.24mg/mL for CD
patients (Table 5). This cut-off value had a sensitivity of 74.3%
and 96.2% for UC and CD patients, respectively, with a
specificity of 90.0% and 68.4%, respectively. Moreover, for UC
patients, a cut-off level of 11.4 mg/mL provided 100% sensitivity,
and serum PF4 with a cut-off of >29.6 mg/mL provided 100%
specificity. Whereas in CD patients, a cut-off level of 9.8 mg/mL
provided 100% sensitivity, and when serum PF4 levels were

Median levels of PF4 and other laboratory markers in CD patients
in relation to disease activity.

Inactive UC (n=10) Active UC (n=35) P
PF4 20.19 (14.89-23.53) 28.86 (22.57-37.29) <0.001
CRP 6.35 (1.60-23.10) 6.50 (2.80-26.50) 0.718
ESR 11.00 (3.00-39.25) 15.00 (7.00-40.00) 0.606
PLT (x109) 253.00 (126.25-344.25)  267.00 (221.00-348.00) 0.219
WBC (x10°) 6.60 (4.98-8.88) 7.70 (5.70-10.90) 0.469

Inactive CD (n=19) Active CD (n=26) P
PF4 18.33 (16.72-25.77) 34.38 (22.58-39.92) <0.001
CRP 1.70 (0.80-5.70) 3.80 (1.65-19.48) 0.640
ESR 12.00 (7.00-28.00) 23.50 (14.75-36.25) 0.047
PLT (x10% 199.00 (148.00-246.00)  267.00 (203.75-342.25) 0.018
WBC (x10%) 5.00 (3.90-6.80) 5.30 (4.58-7.05) 0.836

CRP = C-reactive protein, ESR = erythrocyte sedimentation rate, PF4 = platelet factor 4, PLT = platelet
count, UC = ulcerative colitis, WBC =white blood count.

CD=Crohn disease, CRP = C-reactive protein, ESR =erythrocyte sedimentation rate, PF4 = platelet
factor 4, PLT=nplatelet count, WBC=white blood count.
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Figure 1. Serum PF4 level of each patient in the 4 groups. The horizontal line in

the middle is the median, and the lower line represents the lower quartiles,

whereas the upper line represents the upper quartiles. PF4 =platelet factor 4.
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higher than 37.8 mg/mL, the specificity could reach 100%. The 1-Specticty

same analyses for other inflammation markers are summarized in ) ) , - L

Table 5. The area under the curve (AUC) values for PF4 were Figure 2. Receiver-operating characteristic (ROC) plot compares specificity
.a D ) ’ and sensitivity of PF4 and 4 other serum markers in UC patients. Areas under

significantly higher than those for other markers in both UC and  the curves show the accuracy of PF4 and the other 4 serum markers for

CD patients (UC: AUC=0.831; CD: AUC=0.868) (Figs.2and 3,  predicting clinically active UC. UC=ulcerative colitis.

Table 5), which showed that there was a favorable relationship

between PF4 levels and disease activity. Moreover, multivariate

analysis revealed that a higher serum PF4 level than optimal cut- Moreover, we explored the correlations between PF4 and 4
off level for diagnosing disease activity for UC and CD was an additional serum markers. No correlation was found in UC
independent predictor (UC: odds ratio [OR] 30.375, 95% patients, and a weak correlation between PF4 and PLT or ESR was
confidence interval [CI] 3.327-277.306, P=0.002; CD: OR found in CD patients. ROC analysis showed a relatively high
54.167, 95% CI 5.880-499.006, P<0.001). Inflammatory  accuracy of PF4 in detecting disease activity in IBD patients (ACU

biomarkers, including CRP, ESR, PLT, and WBC, did not show for UC=0.868; AUC for CD=0.831). In addition, multivariate
statistical significance. analysis also confirmed the independent role of PF4 in monitoring

the disease activity of IBD patients. These results strongly

supported that PF4 was highly reflective of disease activity.
4. Discussion Among the laboratory markers used in practice, CRP is
recognized as a promising predictor of disease activity in IBD
patients. Nevertheless, it has been reported that CD patients are
To the best of our knowledge, this is the first pilot study reporting able to mount a major acute disease phase; thus, CRP levels are
the clinical significance of PF4 in diagnosing the disease activity for better associated with clinical disease activity in CD patients, but
IBD patients. First, we found that serum PF4 levels were not UC patients.>>**! For CD patients, studies also showed that
significantly elevated in patients when compared with healthy CRP was notalways consistent with clinical scores.?731 jkewise,

controls. In contrast, PLT levels were not increased in patients with ~ we did not detect an elevated CRP level in active patient.
IBD, which is inconsistent with some published studies.**>**! Furthermore, our study failed to find a correlation between PF4

Similarly, ESR, a typical parameter for assessing inflammation, ~ and CRP, which indicated that PF4 could be an additional
was not significantly different between patients and controls.  independent factor to assess inflammation associated with IBD.

4.1. Key findings

Receiver-operating characteristic curve analyses indicate the ability of PF4 to distinguish active from inactive patients.

AUC 95% CI P Cut-off Sensitivity, % Specificity, % NPV, % PPV, %
uc PF4 0.831 0.705-0.958 0.002 241 74.3 90 52.9 96.4
CRP 0.537 0.328-0.746 0.723 1.9 91.4 30 50 82.1
ESR 0.569 0.350-0.787 0.512 35 94.3 30 82.5 60
PLT 0.593 0.377-0.809 0.375 143.5 94.3 30 82.5 60
WBC 0.626 0.426-0.825 0.230 9.3 37.1 90 29.0 92.9
CD PF4 0.868 0.762-0.975 <0.001 19.24 96.2 68.4 92.9 80.6
CRP 0.623 0.456-0.791 0.161 7.15 423 89.5 84.6 53.1
ESR 0.682 0.522-0.843 0.039 14.5 76.9 57.9 7.4 64.7
PLT 0.716 0.562-0.869 0.375 263.5 53.8 89.5 87.5 58.6
WBC 0.604 0.430-0.778 0.237 515 65.4 63.2 571 70.8

AUC =area under the curve, CD = Crohn disease, Cl=confidence interval, CRP = C-reactive protein, ESR = erythrocyte sedimentation rate, NPV = negative predictive value, PF4 = platelet factor 4, PLT = platelet
count, PPV =npositive predictive value, UC=ulcerative colitis, WBC=white blood count.
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Figure 3. Receiver-operating characteristic (ROC) plot compares specificity
and sensitivity of PF4 and 4 other serum markers in CD patients. Areas under
the curves show the accuracy of PF4 and the other 4 serum markers for
predicting clinically active CD. CD=Crohn disease.

4.2. Previous studies

Patients with active IBD are 3-fold more likely to develop
thrombosis compared with the healthy population.*" Throm-
boembolic events are life-threatening in IBD patients. According
to an epidemiological review, patients with venous thromboem-
bolism have a 2-fold higher morbidity rate than those without
venous thromboembolism.*?! Current evidence demonstrated
that thrombosis was closely linked with IBD activity.**! Among
various factors contributing to thrombosis formation, platelets
have been reported to express a series of molecules that possibly
result in thrombosis and inflammation in IBD.**! Hence, it is
reasonable to hypothesize that platelet factors are involved in the
pathophysiology of IBD. PF4 is released from alpha-granules of
activated platelets and has been confirmed to participate in the
thrombosis formation."*>! Previous studies explored the course of
PF4 in IBD patients, but the results are conflicting.!'®17-3¢!
Moreover, these studies included small numbers of patients, and
none of them systematically explored the relationship between
serum PF4 and disease activity.

4.3. Strengths and limitations

Our study enrolled a total of 120 subjects and confirmed a raised
level of PF4 in IBD patients. We further compared the diagnostic
benefit of using PF4 as a disease activity marker with other serum
biological markers. ROC and multivariate analyses demonstrat-
ed that PF4 was a good parameter of disease activity in both UC
and CD patients. To date, patients with IBD could not be
radically cured and need to be monitored disease activity.
However, it is not easy to quantify disease activity due to its
subjective nature. Endoscopy examinations are invasive. It is
both inconvenient and expensive for patients to take repeated
endoscopy examinations. Thus, PF4 is an easy and cheap serum
biomarker that has great advantage over regular serum markers.
Furthermore, we did not classify patients into subgroups in
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accordance with ulcers locations and durations. The conclusions
could be applied to overall patients regardless of disease locations
and durations, which may further save a lot of work in clinical
practice.

There are some limitations to this study. The number of
patients is relatively small, which clearly limits the conclusions.
Nevertheless, these results suggest that measuring serum PF4 is
feasible, and the encouraging data aid designing future studies.
Moreover, since stool markers like calprotectin have become a
standard in IBD disease monitoring,'!! comparisons between
serum PF4 and stool markers should been made. A modified
Mayo score and the Harvey-Bradshaw Index were used as
indicators of UC disease activity and CD disease activity,
respectively, but they also have drawbacks and may be affected
by the subjective descriptions provided by patients. On the
contrary, endoscopic activity is still the gold standard for
assessing disease activity. However, for IBD patients who were in
clinical remission, they would like to avoid the painful
examination. While for those whose symptoms were too serious,
they may be not suitable to take endoscopic examinations.
Therefore, clinical scores were difficult to be matched with
endoscopic scores for each patient, and the modified Mayo score
and the simplified CDAI were used as indicators in the study.
Though mucosal healing is the therapeutic goal, symptom-based
therapeutic strategies are still widely accepted in clinical practice.
Thus, serum PF4 levels have potential application in guiding
clinical decisions.

5. Conclusions

In summary, our work suggests that serum PF4 plays an
important role as a marker of disease activity in IBD patients.
More researches are warranted to address the potential
applications of PF4, like its ability to predict clinical relapse.
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