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ARTICLE INFO ABSTRACT

Keywords: PR domain zinc finger protein 1 (PRDM1)/B lymphocyte-induced maturation protein 1 (BLIMP1) is a tran-
Hepatitis B virus infection scriptional repressor involved in B and T cell responses which are implicated in chronic hepatitis B virus (HBV)
PRDM1 infection and hepatocellular carcinoma (HCC). This study investigated the association of PRDM1 with clinical
Hepatocellular carcinoma diseases of chronic HBV infection and prognosis of HBV -related HCC patients. Serum PRDM1 levels were de-
]S)igz:lls termined in 403 patients with chronic HBV infection (171 chronic hepatitis, 119 cirrhosis and 113 HCC), 70 HBV

infection resolvers and 96 healthy control individuals. The PRDM1 levels were analyzed with regard to clinical
diseases and overall survival of HCC patients. Serum PRDM1 concentrations in patients with chronic HBV in-
fection were significantly elevated compared with infection resolvers and healthy controls. HBV-related HCC
patients had the most significantly elevated PRDM1 levels. PRDM1 levels could considerably differentiate HCC
from chronic hepatitis [area under receiver operating characteristic curve (AUC) 0.889, p < 0.001] or cirrhosis
(AUC 0.910, p < 0.001). HCC patients with high PRDM1 levels had a poor prognosis (> 300 pg/mL vs.
<300 pg/mL, p = 0.001). High PRDM1 levels were independently associated with increased mortality in HCC
patients (hazard ratio 2.997, 95% confidence interval 1.103-4.722, p = 0.003). Overall, this study demonstrated
that PRDM1 levels are associated with the clinical diseases of chronic HBV infection. Highly elevated PRDM1
levels are discriminative of HCC from other clinical diseases and indicative of a poor prognosis of HCC patients.
The potential association of PRDM1 levels with disease progression and treatment response warrants further
investigation.

1. Introduction common in chronic hepatitis B [4], the susceptible B lymphocytes to

HBV is implicated in the development of immune mediated in-

Hepatitis B virus (HBV) infection remains a serious global public
health problem. Almost 250 million people worldwide are living with
chronic HBV infection which may lead to a variety of liver diseases
including chronic hepatitis, liver cirrhosis and hepatocellular carci-
noma (HCC) [1,2]. The differences in the clinical outcome and natural
disease course of HBV infection are determined by virological and im-
munological factors [3]. Immunologically, both humoral and cellular
immune responses are involved. B cell activation is found to be

flammation of HBV-induced hepatic injury [5], and interlukin (IL)-10-
expressing B cells are involved in the suppression of cytotoxic CD4 T
cell activity in HBV-induced HCC [6]. T cells also play a primary role in
chronic HBV infection [7] and the status of HBV specific CD8 T cell
exhaustion and tumor-specific T cell response is closely associated with
the outcomes of chronic HBV infection including the development of
HCC [8-10].

PR domain zinc finger protein 1 (PRDM1)/B lymphocyte-induced
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maturation protein 1 (BLIMP1) has been well established as a master
regulator of plasma cell differentiation and function [11-13]. In fact,
PRDM1/BLIMP1 regulates both B cell and T cell differentiation and
guides the fate of effector B and T cells [14-17]. PRDM1/BLIMP1 is an
essential regulator of T cell homeostasis and plays a critical role in T
cell-mediated immunosuppression [14,16,18-21] including the reg-
ulation of T cell exhaustion during chronic viral infection and cancer
[22-24].

Owing to the critical role in both humoral and cellular immunity,
PRDM1 has been implicated in many human diseases, including auto-
immune disease, cancer and infectious disease. In autoimmune disease,
genetic studies showed that PRDM1 gene is associated with multiple
autoimmune diseases including systemic lupus erythematosus [25],
rheumatoid arthritis [26], inflammatory bowel disease [27,28] and
systemic sclerosis [29]. In cancer, PRDM1 has been shown to be fre-
quently inactivated in a variety of lymphomas including diffuse large B
cell lymphomas, Natural Killer cell lymphoma and anaplastic large T
cell lymphoma [30]. Loss of PRDM1 function is associated with the
overall poor prognosis of activated B-cell-like diffuse large B-cell lym-
phoma patients [31]. Decreased expression of PRDM1 has been de-
monstrated to be correlated with poor prognosis in lung cancer [32],
colon cancer [33] and glioma patients [34]. PRDM1 expression is re-
lated to the prognosis of multiple myeloma patients [35] and the me-
tastatic status in breast cancer patients [36]. PRDM1 is also involved in
infectious disease. For example, PRDM1 has been shown to be involved
in the viral replication [37] and the latent viral infection of memory
CD4 T cells in human immunodeficiency virus (HIV) infection [38].
Notably, PRDM1 has been revealed to be mechanistically involved in
the pathogenesis of Hashimoto thyroiditis associated with human par-
vovirus B19 infection [39] and the lymphomagenesis of Epstein-Barr
virus (EBV) [40].

Given the involvement of B cell and T cell responses in HBV infec-
tion and HCC and the role of PRDM1/BLIMP1 in the regulation of
immune responses in viral infection and cancers, PRDM1/BLIMP1 is
indicated to be potentially implicated in chronic HBV infection and
HBV-related liver diseases including HCC. A study in HBV infection
showed that PRDM1/BLIMP1 is involved in the partial immune control
of HBV infection in the liver by tissue-resident memory T cells [41].
However, the relationship between PRDM1/BLIMP1 and HBV-asso-
ciated diseases remains largely unknown. We hypothesize that the
PRDM1/BLIMP1 levels may be proportionally related to the hierarchy
of immune abnormality including T cell dysfunction or exhaustion and
thus to the development of different clinical diseases in chronic HBV
infection. To this end, the present study examined the serum levels of
PRDM1 in HBV chronically infected patients and analyzed the asso-
ciations with clinical diseases especially the development of HCC and
the survival of HCC patients.

2. Materials and methods
2.1. Study population

Four hundred and three patients with chronic HBV infection were
recruited from the First Affiliated Hospital of Xi'an Jiaotong University.
Chronic HBV infection was diagnosed based on the persistent positivity
of hepatitis B surface antigen (HBsAg), hepatitis B e antigen (HBeAg) or
antibody to HBeAg (anti-HBe) and antibody to hepatitis B core antigen
(anti-HBc) for > 6 months [42]. Patients with HIV infection, other liver
diseases such as hepatitis A, hepatitis C, hepatitis D, hepatitis E, drug-
induced liver injury, steatohepatitis, alcoholic hepatitis, autoimmune
hepatitis and Wilson's disease, patients with diabetes, hyperthyroidism,
severe cardiovascular disease, respiratory disease and renal impair-
ment, and patients under 18years of age or in pregnancy were ex-
cluded. According to the history of HBV infection, serostatus of HBsAg,
HBeAg/anti-HBe, and anti-HBc, serum HBV DNA levels, biochemical
liver function, a-fetoprotein (AFP) and ultrasonography and/or
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computerized tomography (CT)/magnetic resonance imaging (MRI) or
liver pathology as well as the guidelines [42,43], the patients with
chronic HBV infection were diagnosed as chronic hepatitis (n = 171),
liver cirrhosis (n = 119), and HCC (n = 113). The 113 HCC patients
were followed up for an average of 32.53 * 22.25months (median,
28 months; range, 1-75months). Individuals who spontaneously re-
solved HBV infection with positivity of serum antibodies to HBsAg
(anti-HBs) and anti-HBc, normal liver function, and no other hepatitis B
markers were included as HBV infection resolvers (n = 70). Individuals
who had no history of hepatitis and no liver and other diseases with
normal liver function were enrolled as healthy controls (n = 96).

Fasting blood samples were obtained from each subject. Serum was
separated by centrifugation and the serum samples were aliquoted and
stored at —80 °C until use. This study was carried out in accordance
with the Declaration of Helsinki and the protocol was approved by the
Ethics Committee of the First Affiliated Hospital of Xi'an Jiaotong
University. All the subjects included in the study gave informed con-
sent.

2.2. Laboratory tests

Routine laboratory parameters were measured at the central la-
boratory of the hospital. Serum alanine aminotransferase (ALT), as-
partate aminotransferase (AST) (IU/L), total bilirubin (umol/L) and
albumin (g/L) levels were assayed on the Olympus AU5400 automatic
biochemical analyzer (Olympus Corporation, Tokyo, Japan). HBsAg,
anti-HBs, HBeAg, anti-HBe, and anti-HBc were detected using com-
mercially available enzyme-linked immunosorbent assay (ELISA) kits
(Beijing Wantai Biological Pharmacy, Beijing, China). Serum HBV DNA
(IU/mL) levels were determined by HBV Fluorescent Quantitative
Polymerase chain reaction (PCR) Detection Kit with TagMan probes
(Da-An Gene Co., Guangzhou, China). Serum AFP (ng/mL) was quan-
titatively measured using automated Eleceyes (Hoffman-La Roche Ltd.,
Basel, Switzerland).

2.3. Determination of serum PRDM1 levels

Serum PRDM1 levels were quantitatively determined using a com-
mercially available human PR domain zinc finger protein 1 (PRDM1)
ELISA Kit (MyBioSource, San Diego, CA, USA) according to the manu-
facturer's instructions. The detection range is 25 pg/mL-1600 pg/mL.
The minimum detectable dose (MDD) of human PRDM1 is typi-
cally < 6.25 pg/mL and no significant cross-reactivity or interference
between human PRDM1 and analogues was observed. The intra-assay
precision (precision within an assay) has a coefficient of variation
(CV)% < 8%. The inter-assay precision (precision between assays) has
a CV% < 10%. The persons who performed the determination of
PRDM1 levels were blinded to the individuals' characteristics when
they read the PRDM1 ELISA.

2.4. Statistical analysis

Statistical analysis was performed using SPSS 20.0 software (SPSS
Inc., Chicago, IL, USA). Comparison of the variables between patients
with chronic HBV infection, HBV infection resolvers and healthy con-
trols was performed using Student's t-test or %2 test where appropriate.
The variables that were not normally distributed were analyzed after
logarithmic transformation. Differences of PRDMI1 levels between
groups were identified using Kruskal-Wallis test for nonparametric
comparison. Univariate and multivariate Cox regression was performed
to assess factors associated with HCC. Kaplan-Meier analysis was used
for survival analysis of patients with HBV-related HCC and the Log-rank
test was used to determine statistical significance. The ability of serum
PRDM1 for identifying HCC was evaluated by receiver operating
characteristic curve (ROC) and the area under ROC curve (AUCQC).
Significances between groups were identified using Student's t-tests.
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Differences of AUCs between groups were identified using Kruskal-
Wallis test. Values of p < 0.05 were considered significant.

3. Results
3.1. Characteristics of the study subjects

The gender (M/F) and age (year) between the 403 patients with
chronic HBV infection [283/120 and 40.37 + 13.68 (18-78), respec-
tively], 70 HBV infection resolvers [45/25 and 41.31 = 14.09 (18-79),
respectively] and the 96 healthy controls [127/69 and 38.58 + 14.29
(18-76), respectively] had no statistical differences (p = 0.319 and
p = 0.230, respectively).

The clinical diagnosis of the 403 patients with chronic HBV infec-
tion included 171 chronic hepatitis, 119 liver cirrhosis, and 113 HCC.
Demographic, virologic and biochemical parameters in patients with
different clinical diseases of chronic HBV infection are shown in Table
S1. The gender, age, HBV DNA, ALT, AST, total bilirubin, and albumin
levels between chronic hepatitis, liver cirrhosis, and HCC patients were
significantly different (Table S1).

3.2. Serum PRDM1 levels in the study subjects

The levels of serum PRDM1 in patients with chronic HBV infection
[169.43 (2.81-750.51) pg/mL] were significantly higher than in HBV
infection resolvers [58.97 (4.27-309.45) pg/mL, p < 0.001] and
healthy controls [28.26 (0.72-351.03) pg/mL, p < 0.001, Fig. 1Al.
The levels of serum PRDM1 between HBV infection resolvers and
healthy controls had no significant difference [p = 0.393, Fig. 1A].

The levels of serum PRDM1 in HCC patients [371.01 (2.97-750.51)
pg/mL] were significantly higher than in chronic hepatitis [130.95
(2.81-552.64) pg/mL, p < 0.001] and cirrhosis patients [96.24
(3.7-499.14) pg/mL, p < 0.001, Fig. 1B]. Serum PRDM1 levels be-
tween patients with chronic hepatitis and cirrhosis had no significant
difference (p = 0.353, Fig. 1B).

3.3. Serum PRDM1 levels in differentiating HCC from other liver diseases

The ROC curve was plotted to analyze the ability of serum PRDM1
levels to differentiate HBV-associated HCC from chronic hepatitis, cir-
rhosis or liver diseases other than HCC (non-HCC). The AUCs of PRDM1
levels for differentiating HCC from chronic hepatitis, cirrhosis or non-
HCC were 0.889 (p < 0.001), 0.910 (p < 0.001) and 0.897
(p < 0.001), respectively, with a cutoff value of 296.71 pg/mL,
278.28 pg/mL and 301.8 pg/mL, respectively, a sensitivity of 83.2%,
90.3% and 82.3%, respectively, and a specificity of 80.1%, 75.6% and
81.7%, respectively (Fig. 2, Table 1).

A P <0.001

8001 P <0.001

PRDM1(pg/mL)

Resolvers Controls

Patients
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The ability of serum PRDM1 levels for differentiating HCC was
compared with AFP levels and the results showed that the AUC of
PRDM1 was significantly higher than that of AFP (0.897 vs. 0.834,
p = 0.046). The combination of PRDM1 and AFP increased the diag-
nostic ability with an AUC of 0.921 (Fig. 3).

Multivariate regression analysis showed that PRDM1 level, together
with gender, age, albumin and AFP, was a significant independent
factor associated with HCC in comparison with cirrhosis [p = 0.006, OR
(95% CI), 2.771(1.106-3.579), Table S2]. Moreover, in comparison to
all the patients without HCC (chronic hepatitis and cirrhosis), PRDM1
level, in addition to gender, age, albumin and AFP, was also a sig-
nificant independent factor associated with HCC [p = 0.001, OR (95%
CI), 3.627(1.038-4.761), Table S3].

3.4. Association of serum PRDM1 levels with overall survival of HBV-
related HCC patients

The 1-year, 3-year and 5-year survival rates of the 113 HCC patients
were 79.9%, 39.8%, and 17.7%, respectively. According to the optimal
cutoff value of 300 pg/mL, Kaplan-Meier analysis showed that the
overall survival time in patients with serum PRDM1 > 300 pg/mL was
significantly shorter than those with PRDM1 <300 pg/mL (p = 0.001,
Fig. 4A). HCC patients with AFP > 200 ng/mL also had shorter survival
time than those with AFP <200 ng/mL (p = 0.043, Fig. 4B).

Multivariate analysis showed that higher PRDM1 level, together
with total bilirubin, albumin, AFP, Child-pugh grade, tumor size, TNM
stage and treatment, was an independent factor associated with overall
survival of HBV-related HCC patients (hazard ratio 2.997, 95% con-
fidence interval 1.103-4.722, p = 0.003, Table 2].

4. Discussion

This study, for the first time to our knowledge, analyzed the PRDM1
levels in patients with chronic HBV infection of various liver diseases.
The results showed that serum PRDM1 levels were significantly ele-
vated in patients with chronic HBV infection in comparison with HBV
infection resolvers or healthy controls and the increased PRDM1 levels
were associated with the clinical disease. Particularly, patients with
HBV-related HCC had significantly higher PRDM1 levels in comparison
with other disease conditions. Serum PRDM1 levels were significantly
discriminative of HCC from other disease conditions and were asso-
ciated with the overall survival of HCC patients.

PRDM1/BLIMP1 has been revealed to affect CD8 T cell effector
response through repressing CD8 T cell expression of programmed cell
death-1 (PD-1) during acute viral infection [44]. PRDM1/BLIMP1 has
also been found to be a critical regulator for CD4 T cell exhaustion that
is linked to the CD8 T cell exhaustion during chronic toxoplasmosis
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Fig. 1. Serum PR domain zinc finger protein 1 (PRDM1) levels in the study subjects.

A: Serum PRDM1 levels in patients with chronic hepatitis B virus (HBV) infection, HBV infection resolvers and healthy controls. B: Serum PRDM1 levels in chronic
HBV patients with chronic hepatitis (CH), liver cirrhosis (LC) and hepatocellular carcinoma (HCC). Data are presented as dot plots with medians and ranges.
Differences between groups were identified using Kruskal-Wallis test for nonparametric comparison.
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Fig. 2. ROC curves estimating the performance of serum PR domain zinc finger protein 1 (PRDM1) levels in distinguishing hepatocellular carcinoma (HCC) from

other disease conditions in chronic hepatitis B virus (HBV) infection.

A: ROC curves of serum PRDM1 levels in distinguishing HCC from chronic hepatitis (CH). B: ROC curves of serum PRDM1 levels in distinguishing HCC from liver
cirrhosis (LC). C: ROC curves of serum PRDM1 levels in distinguishing HCC from liver diseases other than HCC (CH and LC). AUC, area under the curve; ROC, receiver
operating characteristic. Data are presented as receiver operating characteristic (ROC) curve and the area under ROC curve (AUC). Differences between groups were

identified using Student's t-tests.

Table 1
Serum PRDM1 levels for differentiating HCC from CH, LC and non-HCC.

AUC  Cutoff value Sensitivity ~ Specificity ~Youden
(pg/mL) index
HCC vs. CH 0.889 296.71 83.2% 80.1% 0.633
HCC vs. LC 0.910 278.28 90.3% 75.6% 0.659
HCC vs. non- 0.897 301.80 82.3% 81.7% 0.640
HCC

PRDM]1, PR domain zinc finger protein 1; HCC, hepatocellular carcinoma; CH,
chronic hepatitis; LC, liver cirrhosis; non-HCC, liver diseases other than HCC;
AUC, area under receiver operating characteristic (ROC) curve.
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Fig. 3. AUC curves estimating the performance of serum PR domain zinc finger
protein 1 (PRDM1) levels, alpha-fetoprotein (AFP) levels and the combination
of PRDM1 and AFP in distinguishing hepatocellular carcinoma (HCC) from
other disease conditions in chronic hepatitis B virus (HBV) infection.

Data are presented as multivariable receiver operating characteristic (ROC)
curve and the area under ROC curve (AUC). Differences between groups were
identified using Student's t-tests. Differences between AUCs were identified
using Kruskal-Wallis test for nonparametric comparison.

[45]. These studies suggest a potential intrinsic link between PRDM1/
BLIMP1 and T cell response or exhaustion in both acute and chronic
infection. T cell response and exhaustion are prominently featured in
chronic HBV infection and HCC [7-9,24]. Therefore, PRDM1/BLIMP1
may play an important role in the regulation of T cell immune response
of HBV infection. Actually, PRDM1/BLIMP1 has been shown to parti-
cipate in the immune response of tissue-resident memory T cells to HBV
infection [41]. Yet, despite this, the potential involvement of PRDM1/

BLIMP1 in the B cell immune regulation of chronic HBV infection could
not be ruled out in view of the critical role of PRDM1/BLIMP1 in hu-
moral immune response [6,11-13]. At least, the elevated PRDM1 levels
in chronic HBV infection documented in the present study support the
high involvement of PRDM1 in chronic HBV infection and HBV-related
liver diseases, especially HCC.

Interestingly, the levels of PRDM1 in HBV infection resolvers were
higher than in healthy controls although the difference was not statis-
tically significant. This finding appears to be consistent with the pre-
vious study showing that PRDM1 is involved in the partial immune
control of HBV infection and the local noncytolytic immunosurveillance
of the liver after the resolution of infection [41].

The hierarchy of T cell exhaustion and tumor-specific T cell dysre-
gulation is related to the development of HBV-related HCC [8,9].
PRDM1/BLIMP1 could regulate CD8 T cell effector response by re-
pressing the expression of PD-1 on CD8 T cells during acute viral in-
fection [44], suggesting the interaction between PRDM1/BLIMP1 and
PD-1. PD-1 is significantly involved in the CD8 T cell exhaustion in
chronic HBV infection [7,24,46] and HBV-related HCC [8,10]. Circu-
lating PD-1 has been shown to be associated with the immune status
and HCC risk [47,48]. High levels of the soluble programmed death-
ligand 1 (sPD-L1) were also shown to predict a poor outcome in HCC
patients [49]. The present study showed that patients with HBV-related
HCC had the highest serum PRDM1 levels across the liver diseases as-
sociated with chronic HBV infection and higher PRDM1 levels were
associated with a poor prognosis of HCC patients. These results add
novel information to the role of PRDM1 and its potential interaction
with immune suppressive molecules such as PD-1 in the dysregulation
of immune response and the subsequent development of HCC during
chronic HBV infection.

PRDM1 is thought to be a tumor suppressor [30,33]. However, the
present study showed that high serum PRDM1 level was associated with
the development of HCC in chronic HBV infection. The explanations for
this contradictory phenomenon of PRDM1 remain unclear. However,
although the inactivation, loss of function or decreased expression of
BLIMP1 is associated with the development of lymphomas [30] and the
poor prognosis in B-cell-like diffuse large B-cell lymphoma [31], lung
cancer [32], colon cancer [33] and glioma patients [34], high PRDM1
expression has been shown to be related to the poor prognosis of
multiple myeloma patients [35] and diffuse large B-cell lymphoma
patients [50] and the metastatic status in breast cancer patients [36].
Furthermore, there are different isoforms for PRDM family members
and these isoforms are differentially regulated and may play opposite
roles in cancer [51]. PRDM1 uses alternative promoter to produce short
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Fig. 4. Kaplan-Meier curves comparing overall survival of hepatocellular carcinoma (HCC) patients according to the serum PR domain zinc finger protein 1 (PRDM1)

levels and alpha-fetoprotein (AFP) levels.

A: Kaplan-Meier curves comparing overall survival of HCC patients according to serum PRDM1 levels. The patients were grouped into individuals with high serum
PRDM1 concentrations (> 300 pg/mL) and low serum PRDM1 concentrations (<300 pg/mL). B: Kaplan-Meier curves comparing overall survival of HCC patients
according to serum AFP levels. The patients were grouped into individuals with high serum AFP concentrations (> 200 ng/mL) and low serum AFP concentrations

(=200 ng/mL). Differences between groups were determined by the Log-rank test.

isoform lacking the PR domain (PRDM1f). This may lead to the loss of
repressor activity associated with the PR domain and confer oncogenic
function. Increased levels of PRDM1f have been demonstrated in var-
ious cancer cell lines although currently no experimental evidence has
been available to support this proposition [51-53]. Presumably, the
components of the high serum levels of PRDM1 in HBV-related HCC
patients are mainly the truncated protein PRDM1p. Therefore, studies
are needed to componently and functionally clarify the highly increased
PRDM1 levels in HBV-related HCC patients.

Tumor biopsy and imaging remain the standard of care to establish
the diagnosis of HCC. To date no serological diagnostic and prognostic
markers have been established in HCC. Therefore, diagnosis and dif-
ferentiation of HCC from other liver diseases and the prediction of the
prognosis of HCC patients in chronic HBV infection are among clinical
challenges. Tumoral immune activation or response as diagnostic and
predictive markers is a major focus of recent studies. For example,
circulating soluble PD-1 [47,48] and sPD-L1 levels [49] have been in-
dicated to be markers for the identification of HCC and the prediction of
HCC patients' prognosis. In the present study, PRDM1 levels were
shown to be significantly discriminative of HCC from other disease
conditions and predictive of the prognosis of HCC patients. The dis-
criminative and predictive ability of PRDM1 seems to be higher than
AFP, a well known biomarker of HCC. However, whether PRDM1 may
be of potential value in improving HCC diagnosis and monitoring dis-
ease progression or treatment response in chronic HBV infection war-
rants to be further studied. PRDM1/BLIMP1 participates in the reg-
ulation of effector CD8 T cell differentiation [54]. In addition, a recent
study indicated that the phenotypes, functional states and underlying
mechanisms between the CD8 T cell exhaustion in chronic hepatitis B
and HCC are somewhat different [10]. Whether PRDM1 plays a role in
these differences remains to be investigated.

Targeting immune checkpoint molecules such as PD-1 has been
shown to be a promising immunotherapeutic strategy for HCC [55].
Our findings suggest the potential to formulate a strategy to treat HBV-
related HCC by targeting PRDM1/BLIMP1 alone or in combination with
other immune checkpoint molecules such as PD-1.

This study has some limitations. The number of patients with dif-
ferent clinical diseases including HBV-related HCC is relatively small.
The potential correlation between PRDM1 levels and the immune status
in particular the CD8 T cell exhaustion has not been investigated. The
study did not perform a functional investigation concerning the role of
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PRDM1/BLIMP1 in chronic HBV infection and HCC. The study also
lacks a validation of the findings in additional patient populations.
Therefore, further studies are required to confirm and extend our
findings, to clarify the role of PRDM1/BLIMP1 in chronic HBV infection
and HCC and to explore the underlying mechanisms.

In conclusion, this study showed that serum PRDM1 levels were
significantly elevated in patients with chronic HBV infection. Serum
PRDM1 levels were considerably discriminative of HCC from other
disease conditions and were associated with the overall survival of HCC
patients. The predictive value of PRDM1 levels for disease progression
and treatment response in chronic HBV infection and HBV-related HCC
should be investigated in the future.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.intimp.2019.05.012.
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Table 2
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Univariate and multivariate analysis of parameters associated with overall survival of HBV-related HCC patients.

No. of patients Overall survival (%)

Univariate analysis Multivariate analysis

1year 3year 5year p HR (95% CI) p
Gender 0.252 - -
Male 98 78.5 41.8 17.3
Female 15 66.7 26.7 20.0
Age (year) 0.477 - -
<50 64 79.7 46.9 18.8
> 50 49 73.5 30.6 16.3
HBV DNA (IU/mL) 0.430 - -
<10* 35 82.9 45.7 14.3
>10* 78 74.3 37.2 19.2
ALT (IU/L) 0.709 - -
<40 36 83.3 44.4 13.9
> 40 77 74.0 37.7 19.5
AST (IU/L) 0.072 - -
=40 29 93.1 51.7 20.7
> 40 84 71.4 35.7 16.7
Tbil (umol/L) < 0.001 2.001 (1.172-3.542) 0.023
=40 78 89.7 50.0 20.5
> 40 35 48.6 17.1 11.4
Albumin (g/L) < 0.001 0.672 (0.167-0.829) 0.011
=32 50 68.0 44.0 6.0
> 32 63 84.1 52.4 26.9
AFP (ng/mL) 0.043 2.521 (1.037-3.127) 0.036
=200 62 85.5 50.0 20.9
> 200 51 66.7 27.5 13.7
Child-pugh grade 0.004 1.793 (1.009-2.362) 0.005
A 73 87.7 42.5 17.8
B+C 40 57.5 35.0 17.5
Tumor size (cm) 0.016 1.167 (1.079-1.968) 0.007
<5 61 78.7 47.5 24.6
>5 52 75.0 30.8 9.6
TNM stage 0.008 3.579 (1.296-4.622) 0.012
I+1I 83 80.7 43.4 20.5
11 30 66.7 30.0 10.0
PRDM1 (pg/mL) 0.001 2.997 (1.103-4.722) 0.003
<300 37 89.2 64.9 35.1
> 300 76 71.1 27.6 9.6
Treatment < 0.001 1.617 (1.002-3.048) 0.019
Tumor resection 59 84.7 49.2 22.0
RF 14 78.6 35.7 21.4
TACE 22 81.8 31.8 18.2
SST 18 44.4 11.1 0

HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HR, hazard ratio; CI, confidence interval; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
Tbil, total bilirubin; AFP, alpha-fetoprotein; PRDM1, PR domain zinc finger protein 1. RF, radiofrequency ablation; TACE, transcatheter arterial chemoembolization;

SST, supportive and symptomatic treatment.
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