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Abstract

Background: Acute pancreatitis (AP) is a life-threatening disease that requires early identification of patients at risk
of developing infectious complications. Immunosuppression is an initial event that is key to AP pathogenesis. The
programmed cell death 1 (PD-1) and programmed cell death ligand 1 (PD-L1) system is reported to mediate
evasion of host immune surveillance in many diseases; however, the relationship between PD-1/PD-L1 expression
and these parameters or infectious complications in AP has not been elucidated. This study was conducted to
determine whether PD-1 and PD-L1 are upregulated and to reveal the relationship between PD-1/PD-L1 expression
and the development of infectious complications in AP.

Methods: Sixty-three patients with AP and 32 sex- and age-matched healthy control subjects were prospectively
enrolled. On days 1 and 3 after the onset of AP, we measured PD-1 expression in peripheral CD4+ T cells and PD-L1
and human leukocyte antigen-DR (HLA-DR) expression in CD14+ monocytes using flow cytometry. Plasma interleukin
(IL)-10 levels were measured by enzyme-linked immunosorbent assay.

Results: Compared with healthy volunteers, the percentages of PD-1-expressing CD4+ lymphocytes and PD-L1-
expressing CD14+ monocytes were increased in patients with AP on days 1 and 3 after onset, especially those with
infectious complications. Moreover, increased PD-1/PD-L1 expression was associated with increased occurrence of
infectious complications, decreased circulating lymphocytes, and increased plasma IL-10 concentration. Multivariate
regression analysis indicated that the increased percentage of PD-L1-expressing CD14+ monocytes was an
independent risk factor for infectious complications in AP. Area under the ROC curve analysis showed the
combination of Acute Physiology and Chronic Health Evaluation II score and PD-L1 and HLA-DR expression in
CD14+ monocytes had high accuracy in predicting infectious complications in patients with AP.

Conclusions: The PD-1/PD-L1 system plays an essential role in the early immunosuppression of AP. PD-L1
expression in CD14+ monocytes may be a new marker for predicting risk of infectious complications in patients
with AP.
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Background
Acute pancreatitis (AP) is a common disease with varied
outcomes [1]. Most patients present with mild, self-
limiting disease with low morbidity and mortality.
Nevertheless, approximately 15–20% of patients will de-
velop a severe form of the disease that has a poor prog-
nosis [2]. Morbidity and mortality rates of patients in
this group are high, mainly due to multiorgan failure in
the first week and subsequent infectious complications
(IC) [3]. It has been reported that more than 80% of the
mortality occurs at the latter stages as a result of infec-
tions [4, 5]. Therefore, the early identification of patients
at risk for IC would allow appropriate clinical manage-
ment to reduce mortality.
Although little is known about the mechanisms re-

sponsible for the development of IC, it has been sug-
gested that immunological impairment in patients
during the early phase of AP may be linked to increased
susceptibility to subsequent infections [6]. Both experi-
mental and clinical studies suggest that patients with AP
have depressed defenses against infection because of a
defect in monocyte and lymphocyte signaling, which in-
creases the risk of infection [7, 8]. In addition, a recent
study showed that the shift of the Th1/Th2 balance to-
ward Th2 responses during the course of AP leads to al-
terations of immune function [6, 9]. Thus, monitoring
the immune status of patients with AP may help detect
patients at risk for IC.
Programmed cell death 1 (PD-1), a coinhibitory mol-

ecule, belongs to the CD28 family and is expressed mainly
in activated T cells, natural killer T cells, and myeloid cells
[10]. Programmed cell death ligand 1 (PD-L1) is a PD-1
ligand that is expressed on antigen-presenting cells and
hematopoietic cells. The PD-1/PD-L1 immune checkpoint
is believed to play critical roles in suppressing the immune
system and mediating evasion of host immune surveil-
lance in infectious diseases and malignant tumors [11, 12].
In sepsis, the PD-1/PD-L1 system has been found to
reduce bacterial clearance and thus has been deemed an
important marker for assessing immune status [13]. How-
ever, whether PD-1/PD-L1 participates in the immuno-
suppression of AP remains unknown.
In this study, we explored PD-1 expression in CD4+ T

cells and PD-L1 in CD14+ monocytes in the peripheral
blood of patients with AP. The aim of the study was to
determine whether these parameters can be used to as-
sess immune status and predict IC in patients with AP.

Methods
Patient information, data collection, and definitions
The study protocol was approved by the Ruijin Hospital
Ethics Committee of Shanghai Jiaotong University
School of Medicine, China. Formal informed consent
was obtained from patients or their next of kin. Between

March 2014 and December 2015, 63 patients diagnosed
with AP were recruited from the general intensive care
unit (ICU) or emergency ICU of Ruijin Hospital; 32
healthy volunteers matched with sex and age were in-
cluded as control subjects. AP diagnosis is most often
established by the presence of two of the following three
criteria: (1) abdominal pain consistent with the disease,
(2) serum amylase and/or lipase greater than three times
the normal upper limit, and/or (3) characteristic findings
based on abdominal imaging [14]. The inclusion criteria
were patients with AP aged 18 years or older who were
admitted to the ICU within 24 h of symptom onset. Pa-
tients were excluded if any of the following criteria were
present: suspected malignancy of the pancreas or biliary
tree, a medical history of immunodeficiency or receiving
immunosuppressive therapy, or nonpancreatic infection
or sepsis caused by a second disease. All admissions
were followed until discharge from the hospital or hos-
pital mortality. Baseline characteristics, including age,
sex, possible AP etiology, and Acute Physiology and
Chronic Health Evaluation II (APACHE II) score were
also collected and recorded.
AP severity was categorized as mild, moderately severe

(local complication or transient organ dysfunction), or
severe (persistent organ dysfunction) according to the
revised Atlanta classification system [15]. Infected pan-
creatic necrosis, bacteremia, pneumonia, infected ascites,
or urosepsis during admission and/or 90-day follow-up
were considered IC [16]. Infected necrosis was defined
as a positive culture of peripancreatic fluid or pancreatic
necrosis obtained during the first percutaneous drainage
or during the first surgical intervention. Bacteremia was
defined by a positive blood culture sample. Pneumonia
was defined by coughing, dyspnea, chest radiograph
showing infiltrative abnormalities, and lowered arterial
blood gas with positive sputum culture. Infected ascites
was defined as a positive bacterial culture in aspirate of
intraperitoneal fluid or abdominal fluid during surgical op-
eration. Urosepsis was defined as dysuria with bacteremia
on the same day. For patients without bacterial evidence,
diagnosis of IC was made by experienced clinicians on the
basis of clinical symptoms and signs of patients during ad-
mission and at 90-day follow-up. All infections were
weighted equally; multiple infections in the same patient
were considered one endpoint.

Blood collection and processing
Peripheral venous blood samples were obtained from
each patient and each healthy volunteer. Blood samples
were transported to the clinical research center at 4 °C
within 1 h. Plasma was obtained after centrifugation
(3,000 × g, 10 minutes, 4 °C) and stored at −80 °C for
further analysis.
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Flow cytometry and serum interleukin-10 analysis
Blood samples were obtained from 63 patients with AP at
days 1 and 3 after diagnosis with AP and from 32 healthy
volunteers. After lysing red blood cells with fluorescence-
activated cell sorting lysing solution (BD Biosciences, San
Jose, CA, USA), cells were incubated in the dark at 4 °C
for 30 minutes with the following fluoresceinated mono-
clonal antibodies and their isotype controls: fluorescein
isothiocyanate (FITC)-labeled anti-CD4 (clone A161A1),
FITC-labeled anti-CD14 (clone HCD14), phycoerythrin
(PE)-labeled anti-PD-1 (clone EH12.2H7), PE-labeled
anti-PD-L1 (clone 29E.2A3), and PE-labeled anti-
human leukocyte antigen-DR (anti-HLA-DR) (clone
L243; BioLegend, San Diego, CA, USA). Stained cells
were analyzed using a FACSCalibur flow cytometer and
CellQuest software (BD Biosciences). The percentage of
PD-1-expressing CD4+ lymphocytes was calculated as
the percentage of PD-1+ cells in the total CD4+

lymphocyte population, and the percentage of PD-L1/
HLA-DR-expressing CD14+ monocytes was calculated
as the percentage of PD-L1+/HLA-DR+ cells in the total
CD14+ monocyte population. Interleukin (IL)-10 con-
centration was measured by enzyme-linked immuno-
sorbent assay (R&D Systems, Minneapolis, MN, USA)
in accordance with the supplied instructions.

Statistical analysis
Continuous variables are presented as mean ± SEM, and
categorical variables are presented as absolute numbers
and percentages. All variables were tested for normal dis-
tribution using the Kolmogorov-Smirnov test. Student’s t
test was used to compare the means of continuous vari-
ables and the normality of data distribution; otherwise, the
Mann-Whitney U test was used. Categorical data were
tested using the χ2 test. Correlations between PD-1/PD-L1
expression, lymphocyte count, and IL-10 concentration
were analyzed with Spearman’s rank method. Discrimin-
ation was tested using the area under the ROC curve
(AUROC) to assess the ability of APACHE II score, PD-L1
expression in CD14+ monocytes, and HLA-DR expression
in CD14+ monocytes to predict IC. To evaluate the pre-
dictive value of the combination of APACHE II score and
HLA-DR and PD-L1 expression levels on monocytes, we
constructed a predictive logistic regression model includ-
ing the three variables. The coefficients for HLA-DR, PD-
L1, and APACHE II score were −7.765, 9.867, and 0.323,
respectively, and the constant was −3.723. On the basis of
this model, we created a new variable using the formula
[0.323 × APACHE II score −7.765 × PD-L1 + 9.867 ×
HLA-DR −3.723] to calculate the AUROC further. All
statistical tests were two-tailed, and P < 0.05 was con-
sidered statistically significant. Statistical analyses were
performed using STATA 12.0 for Windows software
(StataCorp, College Station, TX, USA).

Results
Patient clinical characteristics
A total of 63 patients with AP (22 women and 41 men)
were included in the study. Median age at admission
was 48 years (IQR 37–60). The etiologies of AP were
gallstones in 30 patients, hypertriglyceridemia in 20,
alcohol abuse in 7, and other etiologies in 6. The me-
dian APACHE II score upon AP diagnosis was 10.5
(IQR 8–16.5), indicating a high level of disease sever-
ity. According to the revised Atlanta classification, 3
patients were classified as mild, 28 as moderately se-
vere, and 32 as severe. The clinical characteristics of
these patients are summarized in Table 1.

PD-1 expression in CD4+ lymphocytes and PD-L1
expression in CD14+ monocytes from patients with AP
Both PD-1 expression in CD4+ lymphocytes and PD-L1
expression in CD14+ monocytes were measured in each
patient on day 1 (D1) and day 3 (D3) after AP onset

Table 1 Demographic and clinical data for patients with acute
pancreatitis

Characteristics Data (n = 63)

Age, years 48 (37 to 60)

Female/male, n 22/41

Etiology of acute pancreatitis, n

Biliary 30 (47.6%)

Hypertriglyceridemia 20 (31.7%)

Alcohol 7 (11.1%)

Other 6 (9.5%)

APACHE II score 10.5 (8.0 to 16.3)

Severity of AP, n (%)

Mild 3 (4.8%)

Moderately severe 28 (44.4%)

Severe 32 (50.8%)

Organ dysfunction

Respiratory 31

Cardiovascular 10

Renal 11

Infection site

Bacteremia 6

Pneumonia 6

Infected necrosis 19

Interventions

Mechanical ventilation 22

CRRT 17

Surgical 8

Abbreviations: AP Acute pancreatitis, APACHE Acute Physiology and Chronic
Health Evaluation, CRRT continuous renal replacement therapy
Values are presented as median and IQR for continuous variables or as
number of cases and percent for categorical data
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(Fig. 1). The percentage of PD-1-expressing CD4+ lym-
phocytes on D1 and D3 was significantly increased in
patients with AP compared with healthy volunteers (D1
P < 0.001; D3 P < 0.001) (Fig. 1). Likewise, the percentage
of PD-L1-expressing CD14+ monocytes on D1 and D3
was notably increased in patients with AP compared
with healthy volunteers (D1 P < 0.001; D3 P < 0.001)
(Fig. 1). In addition, the percentage of HLA-DR-
expressing CD14+ monocytes at each time point was
significantly lower in patients with AP than in healthy
volunteers (D1 P < 0.001; D3 P < 0.001) (Fig. 1).

Correlation between plasma IL-10 concentration, circulating
lymphocyte count, and PD-1/PD-L1 expression
It has been reported that the PD-1/PD-L1 system is in-
volved in lymphocyte apoptosis and IL-10 production
in sepsis [12, 13]. Thus, we explored the correlation be-
tween plasma IL-10 concentration, circulating lympho-
cyte count, and PD-1/PD-L1 expression. We found that

circulating lymphocyte counts were inversely correlated
with the percentage of PD-1-expressing CD4+ lympho-
cytes on D1 and D3 (r = −0.252, P = 0.047; and r =
−0.297, P = 0.018, respectively). A negative correlation
was also observed between circulating lymphocyte
count and the percentage of PD-L1-expressing CD14+

monocytes on D1 (r = −0.302, P = 0.016) but not on D3.
Moreover, positive correlations were observed between
IL-10 concentration and the percentage of PD-L1-
expressing CD14+ monocytes on D1 and D3 (r = 0.296,
P = 0.019; and r = 0.459, P < 0.001, respectively). The
percentage of PD-1-expressing CD4+ lymphocytes on
D1 was positively correlation with IL-10 concentration
(r = 0.255, P = 0.044) but not on D3 (Table 2).

PD-1-expressing CD4+ lymphocytes and PD-L1-expressing
CD14+ monocytes in patients with AP with or without IC
To assess the association between PD-1/PD-L1 expres-
sion and IC, patients were divided into two groups

Fig. 1 Programmed cell death 1 (PD-1) expression in CD4+ lymphocytes and programmed cell death ligand 1 (PD-L1) expression in CD14+ monocytes
in patients with acute pancreatitis (AP). a PD-1 expression in circulating CD4+ lymphocytes and b PD-L1 and c human leukocyte antigen (HLA)-DR
expression in CD14+ monocytes were measured in whole blood from healthy control subjects (HC, n = 32) and patients with AP (n = 63) on day 1 (D1)
and day 3 (D3) after disease onset. Results are presented as percentages of positive cells among the total population of CD14+ monocytes or CD4+

lymphocytes. d Representative PD-1 expression levels in CD4+ lymphocytes and e PD-L1 and f HLA-DR expression in CD14+ monocytes. Values in the
upper right quadrant indicate the percentage of cells that express PD-1, PD-L1, or HLA-DR. *P < 0.05 compared with healthy controls. **P < 0.01
compared with healthy controls
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according to the presence of IC, namely IC (patients
with IC, n = 25) and non-IC (patients without IC, n = 38)
groups. In the patients with IC, 24% had bloodstream in-
fection, 24% had pneumonia, and 79.2% had infected
(peri)pancreatic necrosis (Table 1). There were no sig-
nificant differences between these two groups in regard
to sex (P > 0.05) (Table 3). Patients in the IC group were
significantly older than those in the non-IC group. The
APACHE II scores in the IC group were significantly
higher than in the non-IC group (P < 0.05). Patients with
IC showed significantly greater PD-1 expression in CD4+

T cells on D1 and D3 than patients without IC (D1 P <
0.05; D3 P < 0.05) (Table 3). Likewise, the percentage of
PD-L1-expressing CD14+ monocytes on D1 and D3 was
higher in the IC group than in the non-IC group (D1 P
< 0.05; D3 P < 0.05) (Table 3).
Moreover, biomarkers commonly used to assess im-

mune status were measured, and we found that the
circulating lymphocyte counts and percentage of HLA-
DR-expressing CD14+ monocytes on D1 and D3 were
decreased in the IC group compared with the non-IC
group. Additionally, levels of the anti-inflammatory cyto-
kine IL-10 in the IC group were increased compared
with the non-IC group (Table 3).

Value of PD-L1 expression in CD14+ monocytes on day 1
for predicting IC in patients with AP
Univariate logistic regression analysis (Table 4) was per-
formed to determine the predictive power of age, APA-
CHE II score at admission, lymphocyte count on D1,
percentage of HLA-DR-expressing CD14+ monocytes on
D1, percentage of PD-1-expressing CD4+ lymphocytes
on D1, and percentage of PD-L1-expressing CD14+

monocytes on D1 for IC. The variables showed signifi-
cant predictive value within univariate analysis and were
included in further stepwise multivariate logistic regres-
sion (Table 4). The regression analysis detected APACHE
II score at admission (OR 1.305, 95% CI 1.079–1.578, P =
0.006), percentage of HLA-DR-expressing CD14+ mono-
cytes on D1 (OR 0.923, 95% CI 0.869–0.981, P = 0.01),
and percentage of PD-L1-expressing CD14+ monocytes

on D1 (OR 1.098, 95% CI 1.005–1.200, P = 0.036) as inde-
pendent significant predictors of IC in patients with AP.
The predictive accuracy value for IC in AP was deter-

mined by ROC curve analysis (Table 5, Fig. 2). The
AUROC values were 0.772 (95% CI 0.649–0.896, P < 0.01)
for APACHE II score at admission, 0.652 (95% CI 0.506–
0.798, P = 0.043) for percentage of HLA-DR-expressing
CD14+ monocytes on D1, and 0.708 (95% CI 0.573–0.842,
P < 0.01) for percentage of PD-L1-expressing CD14+

monocytes on D1. The combination of these variables had
a moderate to high accuracy for predicting IC (95% CI
0.816–0.991, P < 0.01). Table 5 shows the chosen cutoff
points, sensitivity, specificity, and positive and negative
predictive values of these variables for predicting develop-
ment of IC.

Discussion
The development of IC determines hospital stay and
prognosis for patients with AP [3]. Therefore, early de-
tection of IC may enable clinicians to timely and appro-
priately treat patients. Clinically, there is an urgent need
to identify a marker that is predictive of IC during the
early stage of AP. In this study, we found increased ex-
pression of PD-1 in CD4+ lymphocytes and PD-L1 in
CD14+ monocytes in patients with AP, especially those
with IC. PD-1 expression in CD4+ lymphocytes and PD-
L1 expression in CD14+ monocytes correlated to periph-
eral lymphocyte count and plasma IL-10 level, which
indicated that the PD-1/PD-L1 system takes part in the
development of immunosuppression in AP. The percent-
ages of PD-L1-expressing CD14+ monocytes and HLA-
DR-expressing CD14+ monocytes on D1 and APACHE
II score upon admission were independently associated
with IC in AP. Additionally, the combination of these
variables could predict the development of IC with high
accuracy in patients with AP.
Numerous studies have demonstrated that immuno-

suppression is a critically important risk factor for IC in
AP [6]. Recently, the PD-1/PD-L1 system was reported
to be involved in immunosuppressive mechanisms [10].
During the progression of AP, a great number of

Table 2 Correlation between lymphocyte count, IL-10 concentration, and PD-1-related molecules

Statistics Lymphocyte count IL-10 concentration

Percentage of PD-1 expression on CD4+

lymphocytes on day 1 (%)
r −0.252 0.255

P 0.047 0.044

Percentage of PD-1 expression on CD4+

lymphocytes on day 3 (%)
r −0.297 0.125

P 0.018 0.329

Percentage of PD-L1 expression on CD14+

monocytes on day 1 (%)
r −0.302 0.296

P 0.016 0.019

Percentage of PD-L1 expression on CD14+

monocytes on day 3 (%)
r −0.012 0.459

P 0.927 <0.001

Abbreviations: PD-1 Programmed cell death receptor-1, PD-L1 programmed cell death receptor ligand-1, IL-10 Interleukin 10
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inflammatory cytokines are boosted, and the inflamma-
tory cytokines, such as tumor necrosis factor-α, can then
induce PD-1 and PD-L1 expression [10, 17]. Originally
described as an apoptotic factor, PD-1/PD-L1 has been
reported to regulate the proliferative capacity and apop-
tosis of lymphocytes [18, 19]. It is possible that PD-1/
PD-L1 stimulation can direct cells into a G0 resting
state, inhibiting lymphocyte proliferation [18, 20]. Fur-
thermore, the PD-1/PD-L1 system was also reported to
induce IL-10 production [21], which then acts synergis-
tically with PD-1/PD-L1 signaling to suppress T-cell re-
sponses [22]. In our study, PD-1 expression in CD4+

lymphocytes and PD-L1 expression in CD14+ mono-
cytes were correlated with peripheral lymphocyte count
and plasma IL-10 concentration, suggesting that the
PD-1/PD-L1 system takes part in the development of

immunosuppression in AP by regulating lymphocyte
proliferation and IL-10 production.
Increased PD-1 and PD-L1 expression were associated

with increased occurrence of secondary nosocomial in-
fections in patients with septic shock [13]. In our study,
PD-1 expression in CD4+ lymphocytes and PD-L1 ex-
pression in CD14+ monocytes were increased in patients
with AP, especially those with IC. Moreover, the percent-
age of PD-L1-expressing CD14+ monocytes was inde-
pendently associated with IC in AP rather than with PD-1
expression in CD4+ lymphocytes. This may be due to the
fact that PD-L1 plays a major role in the PD-1/PD-L1
pathway [23], and PD-L1 is expressed more widely in im-
mune and parenchymal tissue cells. Postmortem studies
have demonstrated that PD-L1 is highly expressed in
parenchymal tissue cells (i.e., splenic endothelial and

Table 3 Clinical characteristics of patients with acute pancreatitis with or without infectious complications

Non-IC group (n = 38) IC group (n = 25) p Value

Age, years 45.34 ± 2.56 53.60 ± 2.53 0.037

Female/male, n 14/24 8/17

WBC count, ×109/L 12.49 ± 0.93 13.32 ± 1.06 0.559

BUN, mmol/L 12.71 ± 1.26 17.22 ± 2.49 0.088

Hematocrit 0.41 ± 0.01 0.42 ± 0.02 0.701

APACHE II score 10 ± 0.68 15.12 ± 1.10 0.000

Lymphocyte count on day 1, ×109/L 1.00 ± 0.05 0.79 ± 0.05 0.012

Lymphocyte count on day 3, ×109/L 1.08 ± 0.06 0.86 ± 0.06 0.016

IL-10 concentration on day 1, pg/ml 30.83 ± 1.56 41.86 ± 2.56 0.000

IL-10 concentration on day 3, pg/ml 26.09 ± 1.37 32.85 ± 2.24 0.017

Percentage of HLA-DR expression on CD14+ monocytes on day 1 44.51 ± 2.19 36.30 ± 2.99 0.027

Percentage of HLA-DR expression on CD14+ monocytes on day 3 46.64 ± 2.01 37.24 ± 2.86 0.010

Percentage of PD-1 expression on CD4+ lymphocytes on day 1, (%) 33.31 ± 1.40 38.83 ± 2.02 0.024

Percentage of PD-1 expression on CD4+ lymphocytes on day 3 28.98 ± 1.13 33.38 ± 1.95 0.041

Percentage of PD-L1 expression on CD14+ monocytes on day 1 22.96 ± 1.42 29.94 ± 2.26 0.010

Percentage of PD-L1 expression on CD14+ monocytes on day 3 30.00 ± 1.04 34.46 ± 1.67 0.020

Mortality 2 (9.09%) 2 (6.67%) 1.000

Abbreviations: APACHE Acute Physiology and Chronic Health Evaluation, BUN Blood urea nitrogen, IL Interleukin, HLA-DR Human leukocyte antigen-DR, IC Infectious
complications, PD-1 Programmed cell death receptor 1, PD-L1 Programmed cell death receptor ligand 1, WBC White blood cell
Data are shown as mean ± SEM

Table 4 Univariate and multivariate logistic regression analysis for infectious complications

Elements Univariate analysis Multivariate analysis

OR 95% CI p Value OR 95% CI p Value

Age 1.038 1.001–1.077 0.041 1.025 0.969–1.084 0.386

APACHE II score 1.249 1.097–1.422 0.001 1.305 1.079–1.578 0.006

Lymphocyte count on day 1 × 109/L 0.821 0.691–0.975 0.025 0.956 0.697–0.761 0.691

Percentage of HLA-DR expression on CD14+ monocytes on day 1 0.959 0.923–0.996 0.031 0.923 0.869–0.981 0.01

Percentage of PD-1 expression on CD4+ lymphocytes on day 1 1.070 1.006–1.137 0.031 1.046 0.956–1.143 0.327

Percentage of PD-L1 expression on CD14+ monocytes on day 1 1.075 1.016–1.138 0.013 1.098 1.005–1.200 0.036

Abbreviations: APACHE Acute Physiology and Chronic Health Evaluation, HLA-DR Human leukocyte antigen-DR, PD-1 Programmed cell death receptor 1, PD-L1
Programmed cell death receptor ligand 1
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bronchial epithelial cells), thereby providing an oppor-
tunity for PD-1 activation [24]. In that sense, PD-L1 ex-
pression in CD14+ monocytes not only may play a role
in immune dysfunction but also may be an early indicator
of IC in AP. Conversely, preoperative PD-1 expression in
CD4+ lymphocytes was found to be independently associ-
ated with postoperative IC [25]. This discrepancy may be
attributed to different pathophysiologies of the patient
cohorts.
The hallmark of immunosuppression is monocyte de-

activation, which is characterized by decreased HLA-DR
expression and circulating lymphocyte counts [26, 27].
We found decreased circulating lymphocyte counts and
HLA-DR expression in CD14+ monocytes in patients
with IC compared with those without IC, which is con-
sistent with the phenomenon of immune dysfunction.
Shen et al. recently demonstrated that reduced lympho-
cyte count within 48 h of AP onset is independently as-
sociated with the development of infected pancreatic
necrosis [28]. However, we found differences only in cir-
culating lymphocyte counts between the IC and non-IC
groups; lymphocyte count on D1 was not an independent
factor for IC in AP after multivariate regression analysis.

This needs to be investigated further in studies with larger
sample sizes. HLA-DR is a common immunological
marker that is evaluated in many hospitals. We found that
the percentage of HLA-DR-expressing CD14+ monocytes
on D1 was independently associated with IC in AP. In
many studies, HLA-DR expression was demonstrated to
be closely related to poor prognosis in patients with AP
[29, 30]. However, this parameter did not better predict IC
in comparison with the percentage of PD-L1-expressing
CD14+ monocytes on D1 in our study. This too needs to
be further verified in other prospective studies.
Another novel finding of our study was that the com-

bination of APACHE II score upon admission and D1
percentages of HLA-DR-expressing CD14+ monocytes
and PD-L1-expressing CD14+ monocytes could improve
the accuracy of predicting IC in patients with AP.
Immune status can be influenced by many factors, in-
cluding HLA-DR and PD-L1 expression in monocytes,
and the APACHE II scoring system encompasses clinical
parameters to grade disease severity. The combination
of clinical risk factors and immune markers could be the
optimal methodology to predict development of IC in
patients with AP.

Table 5 AUCs of various parameters for predicting infectious complications in patients with acute pancreatitis

Element AUC p Value 95% CI

Lower limit Upper limit

APACHE II score 0.772 <0.01 0.649 0.896

Percentage of HLA-DR expression on CD14+ monocytes on day 1, (%) 0.652 0.043 0.506 0.798

Percentage of PD-L1 expression on CD14+ monocytes on day 1, (%) 0.708 <0.01 0.573 0.842

Combination of above three variables 0.904 <0.01 0.816 0.991

Abbreviations: APACHE Acute Physiology and Chronic Health Evaluation, HLA-DR Human leukocyte antigen-DR, PD-L1 Programmed cell death receptor ligand 1

Fig. 2 Receive operating characteristic (ROC) curve for predicting infectious complications in patients with AP. APACHE Acute Physiology and
Chronic Health Evaluation, HLA-DR Human leukocyte antigen-DR, PD-L1 Programmed cell death receptor ligand-1
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There are several limitations associated with this study.
First, we studied these markers in patients admitted to the
ICU; therefore, our results may not be generalizable to pa-
tients with less severe illness. Second, the number of pa-
tients studied was small, and future studies with larger
cohorts are needed to validate these results.

Conclusions
We describe the novel finding that expression of PD-1
in CD4+ lymphocytes and PD-L1 in CD14+ monocytes
was markedly increased in patients with AP. Moreover,
increased PD-1 and PD-L1 expression appears to be cor-
related with the development of immune dysfunction
and IC. Expression of PD-L1 in CD14+ monocytes is in-
dependently associated with IC in AP.
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