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Background: Drug-induced liver injury is a common adverse effect in clinical practice,
with severe cases resulting in liver failure and even death. Identification and prediction of
individuals susceptible to idiosyncratic DILI continues to remain a challenge.

Methods: In this study, we report that cytokines in human serum can be used to identify and
predict individuals susceptible to Polygonum multiflorum-induced DILI (PM-DILI) in retro-
spective and prospective cohort studies.

Findings: In the retrospective pilot study, we compared serum cytokine expression profiles
of the PM-DILI group (n=10) and the PM-Tolerant group (n=12) and found 10 cytokines
with significant differences. In the replication cohort study, differences in the 10 cytokines
between PM-DILI (n =11) and PM-Tolerant (n=13) groups were verified. Among them, 6
cytokines showed no significant differences at two time points, including liver injury and
recovery stage of PM-DILI, suggesting that these 6 cytokines have no correlation with PM-
DILI, however, they may be related to susceptibility. Furthermore, all the retrospective
cohorts were combined, and a PM-DILI susceptibility prediction model was built by screen-
ing the 6 cytokines. The combination of (TNF-a and CCL-2) or VEGF showed the highest
sensitivity and specificity. Finally, the efficacy of the above 3 cytokine combination models
in predicting PM-DILI-susceptible individuals was verified before PM exposure in another
independent prospective cohort (n=24), with sensitivity and specificity of 66.7% and 83.3%,
respectively.

Conclusion: This proof-of-concept study demonstrates that the serum cytokine combination
reflecting dysimmunity could be used as a new method to predict PM-DILI, thus providing
a new perspective for improving the clinical management of IDILIL

Keywords: drug-induced liver injury, Polygonum multiflorum, cytokine, prediction,
susceptible individual

Introduction

Drug-induced liver injury (DILI) is a common cause for serious adverse drug
reactions in clinical practice.! Hepatotoxicity is also a major cause of drug devel-
opment failure, drug withdrawals, and post-marketing warnings.>* DILI includes
direct, indirect, and idiosyncratic types.* Idiosyncratic DILI (IDILI) is usually
considered as unpredictable based on dose and pharmacological action.” Even if
drugs that cause IDILI do not result in liver injury in the general population, the risk
of liver injury rises remarkably in a small number of susceptible individuals after
drug exposure, causing liver failure or death in severe cases. IDILI poses critical
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challenges for drug safety management,® as it is difficult to
predict who is a susceptible individual, even if the hepa-
totoxic potential of a drug is known.

More progress has been made in the study of IDILI
mechanisms in recent years. Host gene polymorphism-
related hypotheses have been considered important and
are widely accepted and referenced to explain the predis-
position of IDILI. Several studies show that human leuko-
cyte antigens (HLA) are associated with IDILI
susceptibility to some drugs (eg, HLA-B*57:01 with flu-
cloxacillin, HLA-B*35:02 with minocycline; HLA-
DRB1*16:01-DQB1*05:02 with flupirtine).”° However,
not all patients with susceptible genes have IDILI after
taking drugs. Besides the HLA gene, the previous study
have found that the IL-10 and IL-4 polymorphisms are
associated with susceptibility to diclofenac-induced liver
injury.'® Carrying a specific HLA genotype represents an
upstream risk factor for the occurrence of IDILI in sus-
ceptible individuals, while dysimmunity-related hypoth-
eses (such as cytokines) reflect the downstream risk
factors, which are also valuable for identifying and pre-
dicting IDILI-susceptible individuals.

In recent studies, some dysimmunity-related IDILI ani-
mal models, Yokoi groups showed that the cytokine IL-17
was involved in halothane and a-naphthylisothiocyanate
(ANIT)-induced liver injury,'"'? and the Th2-mediated
cytokine, IL-4, was involved in dicloxacillin and methi-
mazole-induced live injury.'*'* Roth and colleagues
reported that IDILI animal models based on inflammatory
stress hypothesis have been developed for several drugs,
both IFN-y and TNF-a were critical for the hepato-
pathogenesis including Trovafloxacin, sulindac, amiodar-
one, and others.">"'” These findings suggested the impor-
tance of cytokines in IDILI susceptibility, beyond gene
polymorphism. However, these animal models are differ-
ent than the real-life scenario in humans and therefore may
not meet the unique demand of screening susceptible indi-
viduals in clinical application, although they are invaluable
for studying the mechanisms of IDILI.'® Clinical practice
reveals that immunologically tolerant antitumor drugs are
more likely to result in liver injury. There is insufficient
data from well-designed studies on humans to support the
host dysimmunity hypothesis of IDILI. Moreover, there is
a lack of predictive biomarker (eg, cytokines) to identify
individuals susceptible to IDILI, which restricts our ability
to tackle risks of known hepatotoxic drugs in clinical
practice.

Polygonum multiflorum Thunb. (PM), a well-known
and commonly used traditional Chinese medicine (TCM)
and herbal dietary supplement (HDS) for nourishing the
kidney and liver, has aroused critical concern for its
reported potential DILIL'®° In our previous research, we
demonstrated that PM-DILI occurs only in a small number
of individuals who consume the drug, presenting typical
characteristics of IDILL?' Genomic studies have shown
that the HLA-B*35:01 allele is a genetic biomarker for
predicting PM-DILI in humans.**** However, only about
50% of patients with PM-DILI carry the gene mutation,
which means that there are other factors and biomarkers
that can predict susceptibility in individuals without gene
mutation. Thus, PM is a good case to explore multi-factor
driven susceptibility to IDILI.

Based on the host dysimmunity hypothesis of IDILI
and evidence of animal models, there are theoretical pos-
sibilities of finding immunological biomarkers to charac-
this
demonstrated and verified in real clinical cases that differ-

terize susceptible individuals. In study, we
ences in serum immune factors can predict IDILI suscept-
ibility in individuals. This study is also the first clinical
case study supporting the host dysimmunity hypothesis of

IDILI.

Materials and Methods

This study protocol was conducted in compliance with the
ethical principles of the Declaration of Helsinki and was
approved by the Medical Ethics Committee, Fifth Medical
Centre of Chinese PLA General Hospital (Protocol No.
2017056D). This study included retrospective and pro-
spective cohorts. All participants self-reported their ethni-
city as Han Chinese and provided written informed
consent.

Retrospective Cohort

The retrospective cohort consisting of PM-DILI patients was
collected from the Fifth Medical Centre of Chinese PLA
General Hospital (Beijing, China). PM-DILI is defined as
the clinical diagnosis of DILI attributed to PM with high
probability (RUCAM causality score > 6), based on ACG
Clinical Guideline: The Diagnosis and Management of
Idiosyncratic Drug-induced Liver Injury, 2014.>** Any poly-
pharmacy that may lead to competitive causality of PM was
excluded. Twenty-one cases diagnosed as PM-DILI were
selected from the retrospective cohort (Figure 1A). Among
them, 10 cases were serum specimens collected at the injury
stage (no serum specimen at the recovery stage), which was
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defined as subset 1. Eleven cases included both serum speci-
mens at the injury stage (subset 2) and corresponding serum
specimens at the liver function recovery stage (subset 3).

Prospective Cohort

The prospective cohort was collected from the First
Affiliated Hospital,
Chinese Medicine (Zhengzhou, China). Information about

Henan University of Traditional

this cohort has been previously published.”**> Briefly, the
outpatients were suitable for PM treatment as prescribed by
TCM. The PM dosage (10~15 g) was prescribed by doctor
of TCM according to the patient’s condition, and was within
the range specified in the 2015 edition of “Chinese
Pharmacopoeia”. The patients were prescribed a PM decoc-
tion for 4 weeks, which continued for up to 12 weeks. All
patients underwent blood collection before or after PM
exposure. Liver function was regularly monitored every

A Retrospective cohort

PM-DILI patients
(n=21)

Without recovery With recovery
samples (n=10) samples (n=11)

| | —

Sampling when

Sampling when Sampling when

two weeks to pay attention to timely withdrawal. Patients
with underlying liver diseases were excluded. Biochemical
indexes of liver functions were all normal before taking PM.

Six patients had an abnormality in biochemical indexes
of liver functions at the time of monitoring, who were
defined as potential PM-susceptible patients (subset 4).
The potential patients susceptible to PM-DILI are defined
as those whose liver biochemistry manifested abnormality
during digestion (4 weeks) and subsequent prospective
monitoring course (12 weeks). Liver biochemistry
abnormality is defined as: i) ALT/AST level > 2x ULN
with or without TBiL level > 2x ULN or ii) ALP level >
2x ULN after the administration of PM, diagnosed with
asymptomatic transaminase elevation. Based on biochem-
istry criteria of DILI diagnosis. Potential PM-susceptible
patients did not meet the criteria for liver injury but man-
ifested potential predisposition to liver injury. To protect
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Figure | The cohorts and study design. (A) The retrospective cohort of PM-DILI and subsets (1-3) according to the sampling status. (B) Prospective cohort of patients
who were administered PM and subsets (4—7) according to susceptibility. (C) Screening and validation strategies for susceptibility-related cytokine biomarkers of PM-DILI by

comparing different subsets.
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the safety of participants, all patients diagnosed with
asymptomatic transaminase elevation immediately ceased
the PM exposure.

The other patients, who did not show any liver injury
during the monitoring period after PM administration,
were defined as PM-tolerant patients. Within them, 43
patients with enough serum samples (collected before
they took PM) were involved in this study. The nested
case—control design (matched ratio, 1:3) was applied to
match those six potential PM-susceptible patients (sub-
set 4) with eighteen PM-tolerant patients (subset 5). The
remaining 25 cases of PM-tolerant patients were randomly
divided into 2 groups as the PM-tolerant control groups for
the following comparison and validation analyses, namely
subset 6 (12 cases) and subset 7 (13 cases). The case
collection and subset grouping are shown in Figure 1B.

Study Design

Reasonably designed screening and validation strategies
maximize the possible use of sample resources to obtain
a verifiable biomarker panel. For this purpose, we
designed four comparative studies, including the pilot
study, replication study, model establishment study, and
model validation study. The comparisons and modelling
strategies are shown in Figure 1C.

I. The pilot study was designed to compare subset |
(PM-DILI patients sampling at injury) and subset 6 (PM-
tolerant patients sampling at pre-dosing). Since the PM-
DILI patients in subset 1 were susceptible individuals, the
differential expressed cytokines between subsets 1 and 6
(tolerant individuals) may indicate susceptibility. Since the
samples in subset 1 were collected at injury stage, the
differential expressed cytokines between subsets 1 and 6
may also be associated with liver injury. Thus, the pilot
study screens out putative biomarkers (ie, 10 cytokines)
associated with either susceptibility or liver injury due to
PM-DILI.

II. The replication study was designed to further
compare putative biomarkers (screened out in the pilot
study) within subset 2 (PM-DILI patients sampling at
injury), subset 3 (PM-DILI patients sampling at recov-
ery), and subset 7 (PM-tolerant subjects sampling at pre-
dosing). Since either subsets 1 and 2 or 6 and 7 are
similar, it can be expected that putative biomarkers
being screened out in the pilot study will be replicated
in the replication study when comparing subsets 2 and 7.
Since patients in subsets 2 and 3 are the same patients
whose samples were collected at the time of liver injury

or at recovery stages, the biomarkers that changed sig-
nificantly between the two subsets could be considered
as liver injury-related biomarkers. By contrast,
unchanged biomarkers between subsets 2 and 3 could
be considered as candidate biomarkers (ie, 6 cytokines)
associated with susceptibility rather than liver injury.

MII. In the subsequent model establishment study, we com-
bined samples in the pilot and replication studies and tried to
establish a prediction model for individuals susceptible to PM-
DILI, based on the candidate biomarkers (screened out in the
replication study). The optimal prediction model consists of
one or more biomarkers based on the positive and negative
prediction rates of the model (ie, a panel of 3 cytokines).

IV. In the final model validation study, we tested the
performance of the prediction model (screened out in the
model establishment study) in the prospective cohort sam-
ples, independent of the former samples used in model
establishment. In order to be truly predictive, the changes
in plasma cytokines were measured before PM exposure.
The sensitivity, specificity, positive, and negative predic-
tion rates of the prediction model were assessed.

Determination of Serum Cytokines

All serum samples retrieved from the biobank were
thawed before assay by the Luminex liquid phase chip
technology to determine the 20 cytokines, including che-
mokine (C-C motif) ligands (CCL2, CCL3, and CCL11)
chemokine (C-X3-C motif) ligand 1 (CX3CL1),
C-X-C motif chemokine ligands (CXCL1 and
CXCL10), epidermal growth factor (EGF), granulocyte
(G-CSF),
macrophage colony stimulating factor (GM-CSF), inter-
feron-y (IFN-y), interleukins (IL-la, IL-1f, IL-2, IL-5,
IL-6, IL-10, IL-12, and IL-170a), tumor necrosis factor-o
(TNF-a), endothelial
(VEGF). The multiplex immunoassay kit used was pro-
vided by eBioscience, USA (Lot: 132,299,102). Samples
were diluted and incubated with magnetic beads conju-

colony-stimulating  factor granulocyte-

and vascular growth factor

gated to capture antibodies. After washing, samples were
incubated with diluted detection antibody. Streptavidin—
phycoerythrin was then added for incubation, and finally
data was acquired using a MAGPIX instrument.

Statistical Analysis

Experimental data was analyzed with the SPSS software
program (version 18.0, Chicago, IL, USA) and expressed
as mean £ SD. One-way analysis of variance (ANOVA)
and #-test were used for statistical analysis of the results.
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A P value <0.05 was statistically significant. A logistic
regression model was used to investigate the association of
cytokine alleles with PM-DILI. Odds ratio (OR) was cal-
culated using a 2x2 contingency table, which added 0.05
to all fields to accommodate possible zero counts.

Results

Clinical Characteristics

In the 21 cases of PM-DILI in the retrospective cohort,
there were more female patients than male, the median age
of incidence of PM-DILI was 45 years old. The majority
of PM-DILI cases was hepatocellular injury pattern (19/
21, 90.4%); and the other two cases were cholestatic and
mixed types respectively. All patients had a good prog-
nosis after drug withdrawal, with 21 (13, 25) days as the
median time of hospital stay. The biochemical indexes of
liver functions returned to normal within 6 weeks, with the
longest recovery time of 4 months (Table S1).

A total of 49 female patients in the prospective cohort
were eligible for the study, including 6 potential PM-
susceptible patients and 43 PM-tolerant patients. There
was no significant difference between the potential PM-
susceptible group and the PM-tolerant group in age, gen-
der, dose, duration of medication, etc. (P>0.05).
Biochemical indexes of liver injury (ALT, AST, ALP,
and TBil) before PM administration were not significantly
different between the two groups (P>0.05). Compared to
the PM-tolerant group, ALT and AST were significantly
increased in the PM-susceptible group after PM adminis-
tration (P<0.01). There was no significant difference in
dose and duration of medication between the potential
the PM-tolerant group.

PM-susceptible group and

(Table 1).

Pilot Study for Liver Injury- or

Susceptibility-Related Cytokines

According to the pilot study design (see details in Study
Design section), subsets 1 (PM-DILI/at injury) and 6 (PM-
tolerant/at pre-dosing) were compared, and those cyto-
kines with significant differences between the two groups
can be considered as putative biomarkers related to either
liver injury or susceptibility. Subset 1 consisted of blood
samples from PM-DILI patients collected at the injury
stage, with mean serum values of 27 ULN ALT and 21
ULN AST (Figure 2A). Subset 6 comprised of blood
samples from PM-tolerant patients collected before they
were administered PM, whose serum ALT and AST were

Table | Clinical Characteristics of Patients from the Prospective
Cohort Administered with PM

Characteristics Potential PM- PM-Tolerant
Susceptible (n=6) (n=43)
Age, year 34.0+4.7 33.5+55
Dosage, g/day 13.3+2.6 13.3+2.8
Medication 46.7 = 163 46.9£8.3
time, days
ALT, U/L
Before ingestion | 27.2 + 9.1 25.7%11.1
Follow-up 99.8 £ 16.0%* 21.1£9.0
AST, U/L
Before ingestion | 21.0 + 4.3 22.4+7.8
Follow-up 47.0 = | 1.0%* 21.0+4.9
ALP, U/L
Before ingestion | 53.5 + 12.5 56.6%13.5
Follow-up 562 % 124 483148
TBIL, pmol/L
Before ingestion | 11.7 £ 5.9 11.5£3.0
Follow-up 138 £23 11.6+4.5

Notes: Data were presented as mean * SD; potential PM-susceptible group vs PM-
tolerant group: *P<0.05; **P<0.01.

within the normal range. There was a significant difference
in transaminases between subsets 1 and 6 (P<0.01).
Further multivariate statistical analysis was performed
with 20 cytokines as variables. Subsets 1 (PM-DILI/at
injury) and 6 (PM-tolerant/at pre-dosing) were easily dis-
tinguished in either principal component analysis (PCA) or
OPLS-DA analysis (Figure 2B and C). Among them,
a total of 10 cytokines showed significant differences
between the two groups, including 9 increased cytokines
(CCL2, CCLI11, CXCL1, CXCL10, EGF, IFN-y, TNF-o,
IL-10, and VEGF) and 1 decreased cytokine (CX3CL1)
(Figure 2D, Table S2). These 10 cytokines were thus
assumed as putative biomarkers associated to either sus-
ceptibility or liver injury of PM-DILIL

Replication Study for
Susceptibility-Related Cytokines

Based on the design of the replication study, subset 2
(PM-DILI patients sampling at injury), subset 3 (PM-
DILI patients sampling at recovery), and subset 7 (PM-
tolerant subjects sampling at pre-dosing) were compared
based on 10 putative biomarkers (screened out in pilot
study). We found that 6 cytokines, including CCL2,
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Figure 2 Discovering 10 cytokines related to either liver injury or susceptibility to PM-DILI in pilot study. (A) Significant elevations of ALT and AST in subset | (PM-DILI/at
injury) but not in subset 6 (PM-tolerant/at pre-dosing). (B) The PCA plot of the two subsets based on 20 cytokines. (C) The OPLS-DA plot of the two subsets based on 20
cytokines. (D) The 10 differential expressed cytokines between the two subsets (with subset | mean value as the ratio). *P<0.05, **P<0.01 vs subset 6.

CCL11, CXCL10, CX3CL1, TNF-0, and VEGF, showed
no differences between subsets 2 (PM-DILI patients sam-
pling at injury) and 3 (PM-DILI patients sampling at
recovery), but manifested significant differences between
subset 7 (PM-tolerant subjects sampling at pre-dosing)
and each of the other two subsets (Figure 3A, Table
S3). Considering subsets 2 and 3 were all PM-DILI
patients and were obviously susceptible, we speculate
that these 6 cytokines are most likely to be susceptibility-
related biomarkers of PM-DILI. We then performed PCA
analysis based on these 6 susceptibility-related cytokines.
The results showed that the PM-DILI samples irrespec-
tive of sampling stages (subset 2 and subset 3, ie, the
susceptible ones), scattered in nearly the same zones,
while the PM-tolerant samples were distributed in
a different area (Figure 3B). These results further support
that the 6 identified cytokines may be the susceptibility-
can differentiate PM-DILI-
susceptible individuals from tolerant ones.

related biomarkers that

We found the other 4 cytokines, including CXCL1, EGF,
IFN-y, and IL-10, showed significant differences between
subset 2 (PM-DILI patients sampling at injury) and subset 3
(PM-DILI patients sampling at recovery) (Figure 3C, Table
S3), which means these 4 cytokines related to liver injury.
As expected, the following PCA analysis based on these 4
cytokines showed a clear differentiation between subsets 2
and 3; however, subset 3 (PM-DILI patients sampling at
recovery) and subset 7 (PM-tolerant subjects sampling at
pre-dosing) could not be differentiated (Figure 3D).

Considering these results, the 6 cytokines, including
CCL2, CCLI11, CXCL10, CX3CL1, TNF-a, and VEGF,
were screened out as the candidate biomarkers related to
susceptibility to PM-DILI.

Establishing a Prediction Model for
PM-DILI-Susceptible Individuals

Based on the six susceptibility-related cytokines, we cre-
ated a prediction model to identify PM-DILI-susceptible
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Figure 3 Validation of six cytokines related to susceptibility to PM-DILI in the replication study. (A) The six cytokines with significant differential expressions between
susceptible individuals of PM-DILI (subsets 2 and 3) and PM-tolerant individuals (subset 7). (B) The PCA plot based on the 6 susceptibility-related cytokines differentiated
susceptible individuals of PM-DILI (subsets 2 and 3) from PM-tolerant individuals (subset 7). (C) The four cytokines with significant differential expressions between PM-DILI
patients at injury stage (subset 2) and those at recovery stage (subset 3). (D) The PCA plot based on the four cytokine-related liver injuries differentiated between liver
injuries in PM-DILI patients (subset 2) from PM-DILI patients (subset 3) who recovered. *P<0.05, **P<0.01 vs subset 7.

individuals. The samples from the pilot and replication
studies were combined to assess the performance of the
models that were screened by each single cytokine or
multi-cytokine panel. The results of single-cytokine mod-
els showed that TNF-a (OR = 19.0) or CCL2 (MCP-1, OR
= 15.4) had high OR values to differentiate susceptible
patients from tolerant ones, while VEGF, CX3CL1
(Fractalkine), CCL11 (Eotaxin), and CXCL10 (IP-10)
had lower OR values (>3 and <6). The cutoff values of
each cytokine are depicted in Table S4. The positive pre-
diction rates of TNF-a- or CCL2-based single cytokine
model exceeded 80% and the negative prediction rates
were less than 30%.

We further screened all the combinations of dual cytokine
panels. The results showed that there were six kinds of dual
cytokine models that had higher OR values than the highest
OR value of single cytokine model, which were “CCL2 or
VEGF” (OR =51.4), “TNF-a or VEGF” (OR =42.5), “TNF-a.
or CXCL10” (OR = 35.6), “CCL2 or CXCL10” (OR =35.6),
“TNF-a or CCL2” (OR = 30.0), and “TNF-a and CCL2” (OR
= 23.5) (Table S5). Except for “TNF-a and CCL2”, the other
five dual cytokine models all achieved higher positive predic-
tion rates (90%) than the single cytokine models. However, the
negative prediction rates did not improve.

Similarly, we screened all the combinations of tri-cytokine
panels. The results showed that only two tri-cytokine
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combinations, “(TNF-a and CCL2) or VEGF” (OR = 105. 0)
and “(TNF-o and CCL2) or CXCL10” (OR = 63.3) (Table
S6), had higher OR values than the dual cytokine models. The
tri-cytokine model of “(TNF-a and CCL2) or VEGF”
achieved best positive prediction rate (95.3%) and low nega-
tive prediction rate (16.0%). However, when we tried to con-
struct models exceeding three cytokines, there was no further
performance improvement as compared to the tri-cytokine
model.

Typical cytokine models have been summarized in
Figure 4A and B. It can be seen that the tri-cytokine
panel “(TNF-o and CCL2) or VEGF” is the best model
to predict PM-DILI-susceptible individuals, with highest
OR value and best true/false positive rates.

Validation of Tri-Cytokine Panel-Based
Prediction Model

Nested case—control paired prospective cohorts were used
to assess the tri-cytokine panel-based prediction model.
This helped to explore the value of serum cytokine panel
for prediction of individuals susceptible to PM-DILI

1105
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Figure 4 Performance comparison of the cytokine-based prediction models for
PM-DiILI-susceptible individuals. (A) Odds ratio values of typical prediction models
based on single-cytokine or multi-cytokine panel. (B) True positive and false positive
rates of typical prediction models.

Table 2 Prediction Performance of the Tri-Cytokine Model

Tri- No. of Subjects, n Performance,
Cytokine . . % (95% CI)
Positive | Negative | Total

Model

Potential PM- 4 2 6 Sensitivity: 66.7

susceptible (29.4 —103.9)
Specificity: 83.3

PM-tolerant 3 15 18 (65.7-100.9)

Total 7 17 24 PPV: 57.1
(19.8-94.2)
NPV: 88.2
(72.5-103.9)

Abbreviations: PPV, positive predictive value; NPV, negative predictive value.

before drug exposure. All the enrolled patients had normal
ALT, AST, TBiL, and ALP levels before they were admi-
nistered PM (Table 2). After 4 weeks of monitoring, 6
patients (potential PM-susceptible individuals) showed
a significant increase in ALT and AST levels (=2 x
ULN) compared to the other nested paired subjects (PM-
tolerant individuals) with normal ALT and AST levels. By
using the tri-cytokine panel-based prediction model
(“TNF-a and CCL2 or VEGF”), good performance (sensi-
tivity 66.7% and specificity 83.3%) was achieved before
PM exposure in the prospective cohort. Positive and nega-
tive predictive value of the model were 57.1% and 88.2%,
respectively.

Discussion

Obtaining high-quality biological specimens of suscept-
ibility-related cases is challenging due to the low incidence
rate and unpredictability of IDILI. Therefore, it is essential
to use collected PM-DILI cases in clinical practice and
prospectively monitor susceptible cases. In this study, the
cytokine panel (TNF-a and CCL2) or VEGF was identi-
fied as a potential high-risk, dysimmunity causing factor
for PM-DILI that is specific for PM. Four comparative
studies were designed to assess the association between
PM-DILI and the cytokine panel. Our study revealed that
patients with PM-DILI returned to normal levels of serum
liver function indexes after recovery, however, compared
with PM-tolerant patients, the PM-DILI recovery group
showed significant differences between six cytokines,
including CCL2, CCLI11, CXCL10, CX3CL1, TNF-o,
and VEGF. The results suggest that these six highly
expressed cytokines may not be related to PM-DILI, but
may highly correlate with susceptibility. In conclusion, the
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serum transaminase level in PM-DILI patients indicated
that substantive liver damage had been repaired, and that
the immune cytokines of some patients exhibited higher
expression levels, indicating that the immune microenvir-
onment of susceptible individuals was still under immune
stress. Furthermore, it suggests that immune susceptibility
factors may be isolated from the liver injury process. The
immunity of population susceptible to liver injury was in
a stimulated pro-inflammatory state, accompanied with the
high expression state of most chemokines.

On this basis, we verified the clinical predictive effi-
cacy of selected cytokines with a higher correlation of
PM-DILI susceptibility of patients. We combined samples
from two independent retrospective studies to build
a prediction model of PM-DILI-susceptible population
(21 PM-DILI patients, 25 PM-tolerant patients). Through
univariate and multi-factor combination studies, we found
that the cytokine combination, TNF-a, and CCL2 or
VEGF, could be used as a biomarker to predict the PM-
DILI-susceptible population with the highest predictive
efficacy. In total, within this PM-DILI prediction model,
the risk of liver injury for cytokine combination (TNF-a
and CCL2) or VEGF was 18 times higher than that of
non-high expression group. In total, 95.24% of PM-DILI
patients (20/21) expressed a positive cytokine panel
(TNF-a and CCL2) or VEGF, whereas 16% of PM-
tolerant patients (4/25) expressed a similar positive cyto-
kine panel. In the model establishment study, compared to
the expression of negative cases, individuals expressing
positive cytokine panel (TNF-0 and CCL2) or VEGF had
a several-fold increased risk of developing PM-related
liver injury. Therefore, we confirm that individuals
expressing positive cytokine panel (TNF-a and CCL2)
or VEGF are at a higher risk of developing DILI when
treated with herbal remedies containing PM. Finally, in
a prospective cohort study, 4/7 (57.1%) positive cytokines
panel cases “(TNF-o and CCL2) or VEGF” and 2/17
(11.8%) negative cytokines panel cases developed 2-fold
elevation of alanine aminotransferase, confirming that
individuals of cytokines panel “(TNF-a and CCL2) or
VEGF” are at a higher risk of developing DILI when
exposed to PM.

The current theory suggests that the majority of idio-
syncratic drug reaction have evidence to support immune
involvement.® Recent progress in clinical and basic studies
has implied that PM-DILI is more likely to be immune-
mediated IDILL**?” Clinical liver biopsies revealed that

some PM-DILI patients had marked mixed inflammatory

cell infiltration and Kupffer cell activation.”> Changes in
levels of circulating cytokines and chemokines have been
proposed as possible biomarkers of DILI. A PM-DILI
model based on innate immune-mediated immunological
stress was established in our previous research, cotreat-
ment with nontoxic dose LPS and PM (the clinically 2
times equivalent dose) caused liver injury accompanied by
the activation and infiltration of inflammatory cells (such
as Kupffer cells) and the release of proinflammatory cyto-
kines and chemokines (TNF-a, IL-1p and CCL2, etc.).?**®
In deeds, several groups have reported that the cytokines
were involved in IDILI pathogenesis of drugs in animal
models (eg, IL-17 with halothane and ANIT,13 IL-4 with
dicloxacillin and methimazole,'* TNF-o. combined IFN-y
with trovafloxacin'®). In this paper, the results revealed for
the first that the cytokines have a good predictive in
potential PM-DILI susceptible individuals in humans.
Despite the small sample size, prospective cohort study
showed that the optimal tri-cytokine panel “TNF-o and
CCL2 or VEGF” had high sensitivity for predicting PM-
DILI. These results suggested the cytokines, that possibly
be of predictive value, could provide extremely useful
information to understand the mechanisms of PM-DILI
or other IDILI drugs.

Evidence in humans and animals suggests that drugs
can be bioactivated to reactive metabolites that can initiate
an adaptive immune response. Alternatively, initiation of
an innate immune response through TLR activation can
prompt a hepatotoxic interaction with drugs.'® Both of
these immune responses result in the generation of media-
tors, such as TNF-a and IFN-y. Meanwhile, Chemokines
(CCL-2 and CXCL2), that induced the infiltration of
Kupffer cells and neutrophils followed by necrosis, might
be involved in the dicloxacillin-induced liver injury.'?
CCL-2 was increased in acetaminophen-induced liver
injury.?’ In this paper, CCL-2 was demonstrated to be
involved in the PM-DILI. In addition, the cytokines
(such as IFN-y) might induce some IDILI-associated
drugs inhibit hepatocyte proliferation, thereby impairing
the ability of the liver to adaptation.’*! In brief, the host-
dependent mechanisms associated with immune factors,
including individual immune stress status (eg, cytokine)
and immunogenetic variations, contribute to the risk of
PM-DILI.

Keeping in mind patient safety, PM was not admini-
strated for a long period of time (about 30 days) in the
prospective cohort study. Most PM-DILI occurred during
Therefore,

1 to 2 months. the current data may
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underestimate the occurrence of PM-DILI, which may
provide an explanation for the 3 patients with a positive
cytokine panel (TNF-a and CCL2) or VEGF who took PM
but did not show elevated ALT in the cohort. By design,
the study involved one ethnic group, one agent, and
focused on dysimmunity factors only. Therefore, the
results must be viewed within such a predefined context.
In addition, a small-sample-size prospective cohort study
brings uncertainty and variation to the prediction of PM-
DILI-susceptible individuals, so we need a larger, inde-
pendent prospective cohort of PM-DILI patients to further
verify the findings in this study. According to our current
study results, positive cytokine panels “(TNF-a and
CCL2) or VEGF” are necessary but insufficient for pre-
dicting PM-DILI-susceptible individuals. However, the
positive cytokine panel can be used as a supplementary
method for the diagnosis of PM-DILI and a prospective
screening tool for predicting the risk of PM-DILIL

Conclusions

In summary, our study reported the panel of serum
cytokines (TNF-a and CCL2) or VEGF as potential
biomarkers of PM-DILI, thus providing insights into
the mechanism of PM-DILI. This is the first clinical
case study confirming that serum immune factor differ-
ences can predict IDILI-susceptible individuals and
supports the susceptibility hypothesis of the host dys-
immunity mediating IDILI. Prospective cohorts with
a larger number of subjects are consequently needed
to investigate the potential clinical utility of cytokine
markers in identifying individuals susceptible to PM-
DILI, and to elucidate the molecular mechanisms of
PM-DILI.
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