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ABSTRACT
Background 2,5-dimethylcelecoxib (DMC) is a targeted
inhibitor of microsomal prostaglandin E synthase-1
(mPGES-1), a key enzyme in the PGE2 synthesis pathway
of inflammatory mediators. Previous studies have
confirmed that DMC can inhibit the growth of hepatitis
B virus (HBV)-related hepatocellular carcinoma (HCC).
However, it is not known whether DMC is involved in the
changes of tumor immune microenvironment.
Methods In this study, we explored the effects of DMC on
HBV-related HCC immune microenvironment, and deeply
analyzed its unique effect and mechanism on programmed
death receptor 1 (PD-1)/and its ligand 1 (PD-L1) pathway.
Results Clinical hepatoma tissues detection showed that
compared with non-virus-related HCC, the level of CD8 of
HBV-related HCC was significantly lower, while the levels
of PD-L1 and CD163 were higher. In vivo experiments
indicated that DMC could increase the level of tumor
infiltrating CD8+ T cells in hepatitis B virus X (HBx) (+)
hepatoma cells implanted mouse models, and inhibit
the expression of PD-L1 and CD163 in tumor tissues.
DMC combined with atezolizumab had more significant
antitumor effect and stronger blocking effect on PD-1/
PD-L1 pathway. Mechanism studies have shown that
DMC can promote ubiquitin degradation of HBx-induced
PD-L1 protein in HCC cells by activating adenosine
5′-monophosphate-activated protein kinase pathway.
Further experiments confirmed that this process was
mainly mediated by E3 ligase RBX1.
Conclusions Our results uncover a role for DMC in
promoting HBV-related HCC immune microenvironment,
which not only enrich the relationship between
inflammatory factors (mPGES-1/PGE2 pathway) and
immunosuppression (PD-L1), but also provide an
important strategic reference for multitarget or combined
immunotherapy of HBV-related HCC.

BACKGROUND
The therapeutic effect of hepatitis B virus
(HBV) related inflammation and tumor
is highly related to the persistent function
of effector T cells in vivo. Immune cells,
especially CD8+ T cells, are the key factors
in controlling HBV replication.1 However,
HBV-
related
hepatocellular
carcinoma
(HCC) microenvironment has more obvious





1,2,3

characteristics of immunosuppression and
T cell failure than non-
virus-
related HCC.2
Studies have confirmed that a variety of mechanisms are closely related to HBV-specific T
cells dysfunction: persistent high viral load
and high antigen levels, inhibitory cytokines,
dendritic cell and regulatory T cell.3 There
are a number of strategies to restore failure-
specific T cells, including blocking the interaction of inhibitory receptors, changing the
availability of activated and inhibitory cytokines, molecular reprogramming of failed T
cells and so on.4 Programmed death receptor
1 (PD-1) is the main and key inhibitory
receptor.5 Immunotherapy aimed at blocking
PD-1 and its ligand 1 (PD-L1) has become a
valuable means to cure tumors.6 Due to the
complexity of the immune environment
caused by viral infection, the blocking of
single receptor can not get the ideal effect,
and it will also cause immune-related adverse
events (irAEs).7 Therefore, combination
therapy or multitarget effect may be a more
effective strategy for HBV-related HCC.8
Prostaglandin E2 (PGE2) is an important
inflammatory mediator associated with HBV
infection. PGE2 can also participate in the
immune response as an immunosuppressive factor9 and accelerate the senescence of
CD8+ T cells in a variety of tumors.10 Xu et al11
found that hepatic stellate cells can induce
myeloid-derived suppressor cells aggregation
and activation through PGE2 in HCC, which
suppresses immune factors in the microenvironment. Microsomal prostaglandin E
synthase-1 (mPGES-1) is the terminal rate-
limiting enzyme of the inflammatory mediator
PGE2, which is only induced by inflammatory
stimulation.12 The expression of mPGES-1
increased step by step in atypical hyperplastic
nodules, well differentiated, moderately
differentiated and poorly differentiated HCC
groups.13 Downregulation of mPGES-1 can
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2,5-dimethylcelecoxib improves
immune microenvironment of
hepatocellular carcinoma by promoting
ubiquitination of HBx-induced PD-L1
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was treated once a day (10 mg/kg each time) for a total of
7 times. Atezolizumab was treated every other day (5 mg/
kg each time) for four times. The volume of tumor was
measured every other day. 24 hours after the last injection, the model mice were put into CO2 box and killed.
The number and distribution of tumor infiltrating macrophages and CD8+ T lymphocytes were detected by immunohistochemistry. The tumor cells were detected by flow
cytometry with fluorescence labeling.
Other materials and methods are available in online
supplemental file 1 and online supplemental file 2.

RESULTS
Pathological features of clinical patients with primary hepatic
carcinoma
The clinicopathological features of 40 patients with
primary hepatic carcinoma were as follows (table 1): the
median age was 62.5 years (range 34–86). In the tumor,
node, metastases, stage Ⅰ–Ⅱ accounts for 65.0%, and only
one of the cases of stage Ⅲ–Ⅳ (35.0%) was stage Ⅳ.
According to the results of HBsAg detection, all samples
were divided into HBV positive HCC and HBV negative
HCC.

Induction of HCC in mice
Male C57BL/6 mice aged 4–6 weeks were subcutaneously
inoculated with 1×107 mouse hepatoma cells Hepa1-6/
HBx or Hepa1-6/Vec on the right side to establish the
mouse hepatoma model. Five days after implantation,
when the tumor grew to 60 mm3, it was divided into several
groups with five mice in each group. Intraperitoneal
injection of DMC, or atezolizumab (an anti-PD-L1 monoclonal antibody, has been approved by FDA for clinical
use,19 or DMC+atezolizumab, or control (1% Dimethyl
Sulfoxide-
Phosphate Buffer Saline, DMSO-
PBS). DMC

Immune status of tumor microenvironment in patients with
HBV-related HCC
HBx is one of the iconic proteins in patients with HBV
infection. In order to show the expression level of HBx
in 40 cases of HCC, we performed immunohistochemical
detection on all samples. HBV negative HCC (15 cases)
did not or low expression of HBx (mean optical density
(MOD)=0.2626±0.05683), while HBx was obviously
highly expressed (MOD=11.86±0.8189) in HBV positive
HCC (25 cases) (figure 1A,B). Based on the above results,
all clinical HCC tissues were divided into HBx positive
group and HBx negative group. The difference of CD8
and PD-L1 expression between the two groups was also
detected. In the HBx positive group, the CD8 expression
decreased significantly (MOD=0.6424±0.05925), while
in the HBx negative group, the immersion CD8 level
was higher (MOD=6.221±1.071)(figure 1C,D). On the
contrary, the expression of PD-L1 in the HBx positive
group (MOD=5.566±0.5511) was significantly higher than
that in the HBx negative group (MOD=0.5210±0.1034)
(figure 1E,F). In addition, the level of PD-L1 in HBx
positive group was increased not only in tumor cells
(figure 1), but also in some immune cells (online supplemental figure S1). Based on the results, we speculated
that HBx may enhance PD-1/PD-L1 signal pathway by
promoting the expression of PD-L1 in tumor microenvironment, thus reduce the level of CD8+ T cell infiltration
and promoting tumor immune escape.
We compared the relationship between the expression
of CD8 and PD-L1 with several important clinicopathological features affecting the occurrence and development
of HCC (table 1). The expression of CD8 and PD-L1 was
only closely related to HBV infection (p<0.001).
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METHODS
Patients and tissue samples
Human HCC tissue samples were collected from patients
who underwent surgery in the Fujian Medical University
Union Hospital from January 2009 to December 2010.
In this study, there were 40 patients, all of them were
histologically confirmed as primary hepatic carcinoma,
and did not receive any radiotherapy and chemotherapy
before operation, and the informed consent was obtained
before the sample collection. The staging of each patient
was evaluated according to the American Joint Committee
on Cancer version 8 (AJCC8).
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reduce the invasion and metastasis potential of HCC.14
Previous studies of our group have found that hepatitis B
virus X (HBx) can upregulate the expression of mPGES-1
through transcription factor EGR1, and then increase the
secretion of PGE2.15 16 However, the relationship between
mPGES-1 and HBV-related HCC immune microenvironment is still unknown.
2,5-dimethylcelecoxib (DMC) could effectively inhibit
the expression of mPGES-1 and reduce the secretion of
PGE2. It has been found that DMC is superior to celecoxib in anti-inflammatory and antitumor aspects while
lacking COX enzyme inhibitory activity in a variety of
tumors.17 18 PGE2 is closely related to immune microenvironment, so DMC also has the function of improving the
immunosuppressive state of HBV related HCC. However,
what is the overall effect of DMC on HBV-related HCC
immune microenvironment? Does it also have the function of regulating the expression of immune checkpoint
molecules? In particular, does it have a unique effect on
the PD-1/PD-
L1 pathway? None of these meaningful
problems have been solved. Thus, this study intends to
study the relationship between HBV infection factor
(HBx) and tumor immune microenvironment (CD8,
PD-L1 and CD163) from clinical HCC tissue samples,
and then to further explore the ability of DMC inhibiting
tumor proliferation in the implanted tumor mice models
of HBx (+) liver cancer cells, as well as its influence on
tumor immune microenvironment. Finally, the special
mechanism of the effect of DMC on the immune function
of HBV-related HCC was clarified by cytological experiments. Our study provides a new strategy for combined or
multitarget immunotherapy of HBV-related HCC.

Open access

Tumor HBx
expression
Characteristics

n

Low

High

All patients
Gender

40 (100%)

15

25

 Male

32 (80.0%)

12

20

8 (20.0%)

3

5

 ≤50

13 (32.5%)

4

9

 >50

27 (67.5%)

11

16

 Left

14 (35.0%)

6

8

 Right

26 (65.0%)

9

17

 ≤5 cm

26 (65.0%)

9

17

 >5 cm

14 (35.0%)

6

8

 Positive

25 (62.5%)

0

25

 Negative

15 (37.5%)

15

0

36 (90.0%)

13

23

4 (10.0%)

2

2

 I–II

37 (92.5%)

13

24

 III

3 (7.5%)

2

1

26 (65.0%)
14 (35.0%)

9
6

17
8

 Female

Tumor CD8
expression
P value Low
30
1.000

High

Tumor PD-L1
expression
P value Low

10

25

7

5

3

11

2

19

8

9

5

21

5

21

5

9

5

25

0

5

10

28

8

2

2

27

10

3

0

21
9

5
5

0.361

High

24

16

18

14

6

2

10

3

14

13

8

6

16

10

14

12

10

4

9

16

15

0

22

14

2

2

22

15

2

1

14
10

12
4

P value

0.333

Age
0.542

0.330

0.130

Tumor site
0.608

0.251

0.787

Tumor size
0.608

0.251

0.279

HBV infection
<0.001

<0.001

<0.001

Pathological type
 Hepatocellular
carcinoma
 Non-hepatocellular
carcinoma

0.586

0.224

0.667

Pathological grading
0.278

0.299

0.806

TNM stage
 I–II
 III–IV

0.608

0.251

0.279

The difference between the positive group and the negative group was statistically significant (P<0.001).
HBV, hepatitis B virus; HBx, hepatitis B virus X; PD-L1, programmed death receptor 1 and its ligand 1; TNM, tumor, node,
metastases.

CD163 and PD-L1 are both key indicators to reflect
the immunosuppressive state of tumor microenvironment. We sought to study the correlation between them
in HBV positive HCC. 15 cases of clinical HBV positive
HCC were randomly selected and detected. The analysis revealed that there was a high positive correlation
between the two proteins (figure 1G,H) (performance
test of power=0.93095). This was consistent with the
positive correlation between CD163 and CD274 gene
expression in Gene Expression Profling Interactive
Analysis (GEPIA) database (online supplemental figure
S2), so we think that compared with HBV-
negative
HCC, CD163 was also a higher level in HBV-positive
HCC. In summary, the high expression of PD-L1 and
CD163 proved the fact of immunosuppression in HBV
positive HCC microenvironment.

DMC can effectively inhibit the tumor growth of mice
implanted with HBx (+) hepatoma cells
In previous study, we used mPGES-1 reporter cells to
screen the effective mPGES-1 inhibitor DMC.12 In order
to explore the intervention effect of DMC on tumor
immune microenvironment in vivo, we established HBx
(+) hepatoma cells implanted mouse model and the mice
were injected drug intraperitoneally (figure 2A). The
results showed that compared with control group, tumor
growth was significantly inhibited in DMC or atezolizumab groups, and more significant in combination with
DMC and atezolizumab groups (figure 2B–D). At the
same time, the expression of CD8, CD163 and PD-L1 were
detected. Consistently, compared with control group,
DMC or atezolizumab alone could increase the level of
CD8+ T cells infiltration and decrease the expression of

Chen Z, et al. J Immunother Cancer 2020;8:e001377. doi:10.1136/jitc-2020-001377

3

J Immunother Cancer: first published as 10.1136/jitc-2020-001377 on 7 October 2020. Downloaded from http://jitc.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Table 1 Clinicopathological characteristics of primary hepatic carcinoma patients

Open access

PD-L1 and CD163, while the effect of combined DMC and
atezolizumab group was more significant (figure 2E,F).
Based on the results, we concluded that DMC can inhibit
the expression of PD-L1 and show a more efficient ability
to block PD-1/PD-L1 signals in combination with atezolizumab in vivo.
However, the result which was different from the
expected was that in the control group of HBx (+) hepatoma mice, the infiltrating CD8+ T cells also showed
a higher level, which we speculated to be the results of
HBx-induced acute immune stress in C57BL/6 mice.20 In
order to eliminate the interference of this factor on the
results of figure 2E, we established an implanted tumor
model of Hepa1-6/Vec (not expressing HBx) hepatoma
cells, and the administration process was the same as that
of the previous (figure 2A). We observed that DMC and
atezolizumab alone still significantly inhibited tumor
growth, while the combination group also showed a more
significant inhibitory effect (figure 3A–C). Importantly,
flow cytometry analysis showed that DMC combined with

atezolizumab could effectively increase the level of CD8+
T cell infiltration (figure 3D), and the results also showed
that the combination of the two drugs could significantly
decrease the levels of CD163 and PD-L1 than any single
drug (figure 3E). This suggested that the increase of
CD8+ T cell level after DMC intervention was indeed due
to the improvement of immune efficacy by DMC, rather
than the acute stress of the immune system to HBx factor.
To sum up, DMC combined with atezolizumab can significantly improve the immune microenvironment and effectively inhibit the growth of HBx (+) liver tumors.
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DMC improved the immune microenvironment of the coculture
system of hepatoma cells overexpressing HBx and Peripheral
blood mononuclear cells (PBMCs)
We further carried out in vitro experiments to verify the
effect of DMC on the expression of PD-L1 in hepatoma
cells overexpressing HBx. When the concentration of
DMC was higher than 20 µM, the inhibitory effect of
DMC on the proliferation of HepG2 hepatoma cells
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Figure 1 Immune status of tumor microenvironment in patients with HBV-related HCC. (A–F) The expression of HBx (A),
CD8 (C) and PD-L1 (E) were detected by immunohistochemistry in clinical samples (200×). The bottom left corner of each
histochemical picture was a magnification representative field (400×). The semi-quantitative analysis of the results of HBx (B),
CD8 (D) and PD-L1 (F), immunohistochemistry were expressed by the mean optical density. (G) The expression of CD163 and
PD-L1 were detected in 15 HBV positive HCC patients. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as the
internal reference. (H) All the gray values of (G) were normalized by GAPDH internal reference, and the obtained data were made
into the expression correlation map of PD-L1 and CD163. The r value and p value were analyzed (***p<0.001). HBx, hepatitis B
virus X; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; PD-L1, programmed death receptor 1 and its ligand 1.

Open access

was stronger (figure 4A). When DMC was higher than
12.5 µM, the proliferation of Huh7 hepatoma cells was
gradually inhibited (figure 4B). Then, we constructed
the coculture system of hepatoma cells overexpressing
HBx and PBMCs, and added the concentration of

DMC that did not affect cell proliferation (HepG2:
10 µM; Huh7: 10 µM), and then extracted tumor cells
and PBMCs for analysis. The results showed that: (1)
in figure 4C,D, HBx promoted the expression of PD-L1
in two hepatoma cells. And PD-
L1 expression was
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Figure 2 DMC can effectively inhibit the tumor growth of HBx (+) hepatoma cells implanted mouse model. (A) Establishment
and administration process of HBx (+) hepatoma cells implanted mouse model. On the first day, Hepa1-6/HBx cells were
injected subcutaneously with 1×107 million cells per mouse. On the sixth day, the drug was injected intraperitoneally.
24 hours after the last administration (day 12), the model mice were put into the carbon dioxide box and sacrificed, and
the implanted tumor was taken (day 13). (B) Photos taken after the tumor were removed. (C) The volume of the tumor was
measured on the day before the model mice were sacrificed. The mean±SD values of tumor volume in each group were as
follows: control group: 273.4±53.39 mm3, DMC group: 109.2±19.04 mm3, atezolizumab group: 64.84±11.19 mm3, combination
group: 17.77±2.255 mm3. (D) The weight was weighed after the tumor removal. The mean±SD values of the tumor weight
of each group were as follows: control group: 0.1666±0.04288 g, DMC group: 0.0596±0.01206 g, atezolizumab group:
0.0408±0.008840 g, combination group: 0.0130±0.003302 g. (E) The expression of CD8, CD163 and PD-L1 proteins of the
four groups were detected by immunohistochemistry (200×). The bottom left corner of each histochemical picture was a
magnification representative field (400×). (F) Took pictures under 200× microscope visual field. There were five tumor specimens
in each group. All the MOD values were drawn into a histogram for statistical analysis (*p<0.05, **p<0.01, ***p<0.001). DMC,
2,5-dimethylcelecoxib; HBx, hepatitis B virus X; PD-L1, programmed death receptor 1 and its ligand 1.

Open access

suppressed after DMC treatment. (2) The expression of
HBx in hepatoma cells significantly decreased the level
of CD8+ T cells in PBMCs (from 38.1% to 26.5%) and
increased the expression of PD-L1 in monocytes and
macrophages (from 36.4% to 51.4%). More importantly,
the intervention of DMC significantly increased the level
of CD8+ T cells (from 26.5% to 39.5%) and effectively
inhibited the expression of PD-L1 in monocytes and
macrophages (from 51.4% to 41.1%) (figure 4E,F). In
summary, our data revealed that DMC can improve the
level of CD8+ T cells and inhibit the expression of PD-L1
in the coculture system of PBMCs and hepatoma cells
overexpressing HBx.

DMC inhibited HBx-induced PD-L1 protein expression in HCC
cells by activating adenosine 5′-monophosphate-activated
protein kinase
In order to explore the mechanism of DMC inhibiting the
expression of PD-L1 in HCC cells in vitro. HepG2 cell was
treated with DMC (10 µM) and analyzed by microarray.
Then, all the differential genes (online supplemental
figure S3) were selected for Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG)
analysis. Indeed, DMC treatment had a significant effect
on the energy metabolism of tumor cells (figure 5A,B),
in which adenosine 5′-monophosphate-activated protein
kinase (AMPK) pathway might be involved (figure 5).

6

Chen Z, et al. J Immunother Cancer 2020;8:e001377. doi:10.1136/jitc-2020-001377

J Immunother Cancer: first published as 10.1136/jitc-2020-001377 on 7 October 2020. Downloaded from http://jitc.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Figure 3 DMC can effectively inhibit the growth of tumor in mice implanted with hepatoma cells. (A) Established C57BL/6
mouse hepatoma model by subcutaneous tumor formation of Hepa1-6/Vec cells. (B) The tumor volume of each group was
measured and statistically analyzed before the model mice were sacrificed. The mean±SD values of the tumor volume of each
group were as follows: control group: 299.1±58.13 mm3, DMC group: 122.3±19.56 mm3, atezolizumab group: 127.2±14.86 mm3,
combination group: 65.40±10.94 mm3. (C) The weight of each group of was measured and statistically analyzed after the
tumor removal. The mean±SD values of the tumor weight of each group were as follows: control group: 0.2694±0.05374 g,
DMC group: 0.0938±0.03026 g, atezolizumab group: 0.1116±0.03333 g, combination group: 0.0438±0.01719 g. (D) Flow
cytometry was used to detect the expression of CD8 in the fresh tumor samples. The double positive region of CD45
(Fluorescein isothiocyanate isomer, FITC) and CD8 were the required CD8+ T cell region (Q2 region). The values of Q2 region
were summarized into the bar chart on the right side. (E) The hepatoma model was established by Hepa1-6/Vec cells, and the
expression of CD8, CD163 and PD-L1 proteins were detected (200×). The bottom left corner of each histochemical picture
was a magnification representative field (400×). The mean optical density values were made into a bar chart (*p<0.05, **p<0.01,
***p<0.001). DMC, 2,5-dimethylcelecoxib; PD-L1, programmed death receptor 1 and its ligand 1.
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Figure 4 DMC improved the immune microenvironment of the coculture system of hepatoma cells overexpressing HBx and
PBMCs. (A–B) The inhibitory effect of DMC on the proliferation of HepG2 and Huh7 cells . (C–D) The tumor cells were extracted
from the co-culture system of different groups, and the expression of PD-L1 protein was detected by flow cytometry. Isotype
control was the homologous control group of the PD-L1 antibody, and the control group was the negative control (*p<0.05,
**p<0.01, ***p<0.001). (E) PBMCs cells from different groups of coculture systems were detected. The target cell group was
recognized by CD3 and CD8 antibodies, and the double positive region (Q2 region, namely CD3+ CD8+) were the required CD8+
T cells. FITC and PerCP need to perform fluorescence compensation. The results of Q2 region were drawn as a bar chart on
the right, the abscissa represented three different groups, and the ordinate represented the value of CD3+CD8+ (%) (*p<0.05).
(F) PBMCs cells were also extracted, and the expression of PD-L1 was detected after different intervention. After excluding the
isotype control, the results of the PD-L1 positive area (PD-L1+) (monocytes and macrophages in PBMCs) were counted in the
bar chart on the right, where the abscissa represents three different groups and the ordinate represents the PD-L1+ (%) value
(*p<0.05). DMC, 2,5-dimethylcelecoxib; FITC, fluorescein isothiocyanate isomer; FSC, forward scatter; HBx, hepatitis B virus X;
PBMCs, peripheral blood mononuclear cells; PD-L1, programmed death receptor 1 and its ligand 1.

Open access

Next, we tried to explore the relationship between
AMPK and PD-L1 expression after DMC treatment. (1)
HepG2 and Huh7 cells with overexpression of HBx
were treated with DMC for different times. Indeed, the

expression of PD-L1 in HepG2 and Huh7 cells increased
induced by HBx. And with the extension of DMC intervention time, Thr172 AMPKα protein increased gradually
and the expression of PD-L1 was inhibited continuously

8

Chen Z, et al. J Immunother Cancer 2020;8:e001377. doi:10.1136/jitc-2020-001377

J Immunother Cancer: first published as 10.1136/jitc-2020-001377 on 7 October 2020. Downloaded from http://jitc.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Figure 5 DMC inhibited the expression of HBx-induced PD-L1 protein in hepatoma cells by activating adenosine
5′-monophosphate-activated protein kinase (AMPK) pathway. (A–C) In the results of microarray, all the differential genes
were analyzed by Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis, which
showed the enrichment of differential genes in biological processes, molecular functions and KEGG. (D) The effect of DMC
on the expression of PD-L1 and AMPKα in hepatoma cells overexpressing HBx for different time. Hepatoma cells were
transiently transfected with HBx plasmid (1 µg/mL) for 24 hours, then DMC was added to intervene at different time points.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as the internal control. (E) After the intervention of DMC with
different concentrations for 24 hours, the expression of PD-L1 and AMPKα protein in hepatoma cells overexpressing HBx were
affected. Hepatoma cells were transiently transfected with HBx plasmid (1 µg/mL) for 24 hours, and then interfered with different
concentrations of DMC for 24 hours. Similarly, the internal reference was GAPDH. (F) Hepatoma cells (HepG2) overexpressing
HBx were treated with DMC for 24 hours. GAPDH was used as an internal control. AMPK inhibitor Compound C pretreated the
cells for 4 hours before DMC intervention. (G) Co-IP was used to detect the interaction between AMPKα and PD-L1 protein after
DMC treatment. DMC, 2,5-dimethylcelecoxib; HBx, hepatitis B virus X; PD-L1, programmed death receptor 1 and its ligand 1.

Open access

DMC leads to ubiquitin degradation of PD-L1 (HBx-induced)
through the action of E3 ligase RBX1
In order to further investigate the mechanism of DMC
inhibited the expression of PD-L1 after activating AMPK
pathway in HCC cells, we detected the location relationship between PD-L1 and GRP94 (protein characterizing
endoplasmic reticulum) at different time points. The
amount of co-localization of PD-L1 and GRP94 proteins
increased gradually after DMC treatment (figure 6A),
indicating that DMC led to abnormal accumulation of
PD-L1 in endoplasmic reticulum. Meanwhile, the inhibitory effect of DMC on PD-L1 protein band was similar
to that of tunicamycin (an inhibitor of glycosylation)
(figure 6B). These results suggested that the activation of
AMPK by DMC may affect the normal synthesis of PD-L1
protein, resulting in abnormal accumulation and degradation in the endoplasmic reticulum.
Furthermore, the HepG2 cells overexpressing HBx
MS after DMC treatment (online
were detected by IP-
supplemental figure S4A,B). KEGG analysis showed
that “proteasome” and “protein processing in endoplasmic reticulum” (figure 6C and online supplemental
figure S5) were found in the first three candidate pathways binding to PD-L1 protein. These results strongly
proved that the abnormal accumulation of PD-L1 in the
endoplasmic reticulum was indeed related to abnormal
protein processing, and its degradation was related to the
ubiquitin proteasome pathway. The protein analysis of
IP-MS showed that 158 new proteins appeared after DMC
treatment (online supplemental figure S6), from which
we analyzed the protein related to the degradation of
PD-L1 (figure 6D) and selected three candidate proteins:
HSPH1, RBX1 and UBE2K (online supplemental figure
S7A–C) to verify. The interaction between three candiL1 were significantly enhanced
date proteins with PD-
after DMC treatment (figure 6E). And the ubiquitination level of PD-L1 protein was significantly upregulated
Chen Z, et al. J Immunother Cancer 2020;8:e001377. doi:10.1136/jitc-2020-001377

(figure 6F), which was consistent with the results of mass
spectrometry. RBX1, as an E3 ubiquitin ligase, plays an
important role in the ubiquitin proteasome pathway.21
In order to explain whether the ubiquitin of PD-L1 was
related to RBX1, we used RBX1-
siRNA to downregulate the expression of RBX1 in HepG2 cells. Notably,
the ubiquitin level of PD-L1 was significantly downregulated with the intervention of RBX1-siRNA (figure 6G).
The above data indicated that DMC leads to abnormal
protein synthesis of PD-L1, and then ubiquitin degradation of PD-L1 was caused by the action of E3 ligase RBX1
(figure 7).
DISCUSSION
In this study, we found that the expression of PD-L1 in
patients with HBV-related HCC was higher than that in
patients with non-virus-related HCC, and the expression
of CD8 was significantly lower in clinical HCC samples,
which was consistent with the previously reported view
that CD8+ T cells were more functional failure in HBV-
related HCC.2 At the same time, this conclusion was
also confirmed in the coculture cell system, that is,
HBx promoted the PD-L1 expression of HCC cells and
immune cells, and inhibited the level of CD8+ T cells
infiltration. With regard to the relationship among HBx,
PD-
L1 and CD8+ T cells, some scholars believed that
HBx upregulates the transcription level of B7-H1 gene
through transcription factor NF-κB, which leads to the
increase of PD-L1 protein expression and promotes T
cells apoptosis.22 Sun et al23 proved that HBx can activate
the transcriptional activity of B7-H1 through PTEN/β-catenin/c-Myc signal pathway and increase the expression of
PD-L1, which can inhibit T cells response and promote
HBV immune escape. These studies analyzed the mechanism of HBV factor affecting T cells function through
PD-L1 from different signal pathways.
The complexity of HBV infection is bound to lead
to multiple immunomodulatory mechanisms in the
tumor microenvironment of HCC. In this study, we
found the characteristics of the expression of another
important immunosuppressive molecule CD163 (M2
macrophages) in HBV-related HCC tissues, indicating
that the immune microenvironment immunosuppression caused by inflammatory factors of HBV infection
is in many ways. In animal experiments, we found that
the combination of DMC and atezolizumab showed
stronger antitumor effect on HBx (+) hepatoma-
bearing mice, indicating that DMC can play a better
role in the inflammatory microenvironment of HBx
(+). This effect was reflected not only in the effective
improvement of immunosuppressive factors mediated
by PD-L1, but also in the inhibitory effect on immunosuppressive cells dominated by M2 tumor-
associated
macrophages (TAM) cells. Some studies have shown
that TAM can promote tumor occurrence and development by inhibiting antitumor immunity, promoting
tumor angiogenesis and inducing tumor invasion and
9
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(figure 5D). (2) Using the same method, different concentrations of DMC were used to treat the cells for 24 hours.
With the increase of concentration, DMC significantly
downregulated the level of PD-L1 induced by HBx in
HepG2 and Huh7 cells (figure 5E). This suggested that
DMC inhibited HBx-induced PD-L1 expression in HCC
cells in a time-dependent and dose-dependent manner,
meanwhile, DMC can activate AMPK pathway. We speculated that there was a relationship between the inhibition
of PD-L1 expression and the activation of AMPK pathway.
In order to verify this, we used Compound C (10 µM) to
block the activation of AMPK pathway in HepG2 cells.
It was found that after blocking AMPK, the expression
of HBx-induced PD-L1 protein inhibited by DMC was
restored (figure 5F). More importantly, Co-
IP assay
showed that the interaction between AMPKα and PD-L1
protein was significantly enhanced after DMC treatment
(figure 5G). In summary, our experimental data showed
that DMC inhibits HBx-induced PD-L1 protein expression by activating AMPK pathway.

Open access

metastasis. TAM infiltration is closely related to poor
prognosis of patients.24 Inhibiting the expression of
M2 or promoting the transformation of M2 to M1 has
become one of the main strategies of targeted TAM

therapy.25 Although our results suggested that DMC
can significantly downregulate the expression of CD163
in M2 TAM cells, due to the complexity of drug effects
on immune microenvironment, there must be other
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Figure 6 DMC leads to ubiquitin degradation of PD-L1 (HBx-induced) through the action of E3 ligase RBX1. (A) The effect
of DMC (10 µM) with different treatment time on the localization of PD-L1 protein in HepG2 cells overexpressing HBx. Green
fluorescence was PD-L1 protein, red fluorescence was GRP94 protein and blue fluorescence was nucleus. The yellow
fluorescence was where green and red overlap. (B) The detection of PD-L1 glycosylated protein caused by DMC. After
transfection of HBx (1 µg/mL), HepG2 cells were treated with tunicamycin and DMC for 24 hours, respectively. GAPDH was the
internal reference. (C) Analysis of the protein enrichment pathway in the mass spectrometry results, the red box in the picture
was the first three enrichment pathways. (D) Analyzed the proteins related to the degradation process of PD-L1 protein from
“158” for follow-up verification. (E) The expression of three candidate proteins were verified by western blot in the protein
solution co-precipitated by PD-L1 antibody. In Input, GAPDH was the internal reference; in IP:PD-L1, PD-L1 was the internal
reference. (F) The effect of DMC on the ubiquitination level of PD-L1 protein was detected by Ub antibody in the protein
solution co-precipitated by PD-L1 antibody, and PD-L1 was used as the internal control. (G) To verify whether E3 ligase RBX1
was involved in the ubiquitin degradation of PD-L1 protein. HBx hepatoma cells treated with DMC (10 µM) were pretreated
with two different sequences of RBX1-siRNA (siRNA1 and siRNA2), and the rescue of ubiquitin of PD-L1 was detected by co-
immunoprecipitation. PD-L1 was the internal reference. DMC, 2,5-dimethylcelecoxib; GAPDH, glyceraldehyde-3-phosphate
dehydrogenase; HBx, hepatitis B virus X; PD-L1, programmed death receptor 1 and its ligand 1.

Open access

regulatory relationships between DMC and TAM, which
are worthy of our further study.
Microarray analysis and western blot showed that AMPK
pathway was related to the inhibition of HBx-induced
PD-L1 expression by DMC. AMPK is a sensor of cellular
energy and nutritional status, which plays an important
role in maintaining redox homeostasis and cell survival.26
Some literatures have shown that the activation state of
AMPK was negatively correlated with the occurrence of
HCC.27 AMPK can exert antitumor effects by complex
crosstalk with many signal pathways,28 such as the regulation of AMPK phosphorylation by Akt,29 GSK330 and
MEK-ERK.31 Our results suggest that DMC not only
directly affects the survival of tumor cells through AMPK
pathway, but also regulates the stability of PD-L1 protein
by enhancing AMPKα phosphorylation and binding to
some amino acid sites on PD-L1 protein, thus reducing
the overall immunosuppressive state of tumor microenvironment. It has been found that metformin can promote
the direct binding of AMPK and PD-L132 33 and negatively affect the stability of PD-L1 to degrade it. Our data
suggest that DMC may also be the embodiment of this
mechanism.
At present, in the mechanism of drug inhibition of
PD-1/PD-L1 signal pathway, except for the direct blocking
effect of monoclonal antibody, most other compounds
were related to the transcriptional level of genes. For
example, bromodomain and extraterminal motif (BET)
inhibitors trigger the transcriptional downregulation of
CD274 by interrupting the direct interaction between
BRD4 and CD274.34 35 While HDAC6 inhibitors indirectly
inhibit the transcription of CD274 through ARID1A.36
PD-L1 is a highly glycosylated protein, and its polysaccharide structure plays a key role in the interaction between
PD-
L1 and PD-1.37 38 Our mass spectrometric analysis
and immunoprecipitation experiments showed that
the inhibition of PD-L1 expression by DMC was related
to ubiquitin degradation caused by abnormal protein
processing, and it was realized by E3 ligase RBX1. The
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Supplementary Materials and Methods
Immunohistochemistry
Clinical specimens were examined using immunohistochemistry staining. After formalin fix and paraffin
embedment, tissue sections were deparaffinized in dimethylbenzene, and rehydrated in alcohol and water.
Endogenous peroxidase activity was blocked with 3% hydrogen peroxide. Antigen retrieval was performed by
heat treatment. Nonspecific binding was blocked with 10% BSA. Primary antibodies were incubated with the
sections overnight at 4 ℃, followed by incubated with horseradish peroxidase-conjugated secondary antibody for
30 min at 37 ℃. Immunocomplexes in sections were stained with 3,3-diaminobenzidine to form brown reaction
products. After counterstaining with hematoxylin, sections were dehydrated and mounted for microscopic
examination. Immunohistochemical evaluation was performed with Image-Pro Plus 6.0 or Image J software.
Three visual fields were randomly selected for each histological tablet, and the average value was determined as
the result of the histological tablet. For the result judgment of each visual field, we used the software to calculate
the mean optical density (MOD) [MOD = integral optical density (IOD) / positive area] to semi-quantify the
expression of the target protein. And MOD ≥ 4 was regarded as high expression, MOD < 4 as low expression.
Cell lines, cell transfection and reagents
Human hepatoblastoma cell line HepG2 (HB-8065, ATCC, Manassas, VA), hepatoma cell lines Huh7
(JCRB0403, Japan) and mouse hepatoma cell line Hepa1-6 (Shanghai Institute of Cell Biology, Chinese Academy
of Sciences) were all cultured in antibiotics-free Dulbecco's modified Eagle medium (DMEM, Gibco, Carlsbad,
CA) with high glucose supplemented with 12% foetal bovine serum (FBS, Gibco) at 37C with 5% CO2. HepG2
and Huh7 cells were STR-authenticated by Shanghai Biowing Applied Biotechnology Co. LTD, Shanghai, China
(STR Profiling Report). All cells were routinely screened and found to be free of mycoplasma.
The cells were seeded at a density of 5×105 cells/well, and DNA transfection was performed in a six-well plate
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using Lipofectamine 2000 (Life Technologies, Carlsbad, CA) according to the manufacturer’s instructions. The
concentration of pcDNA3.1-HBx used in transient transfection was 1 μg/ml. The reagents used in this experiment
included DMC (Sigma-Aldrich, St. Louis, MO), Atezolizumab (HY-P9904, MedChemExpress, NJ), Compound C
(GC17243, GLPBIO, Montclair, CA) and tunicamycin (Solarbio, Beijing, China).
Western blot assay and ubiquitination detection
Thirty micrograms of protein was applied to 12% sodium dodecyl sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE) and electrophoretically transferred to a polyvinylidene fluoride (PVDF) membrane (Merck
Millipore, Darmstadt, Germany). The membranes were blocked in Tris-buffered saline with Tween-20 containing
10% non-fat milk for 3 hours at room temperature, and subsequently incubated with a panel of specific antibodies
overnight at 4 ℃. Secondary antibodies were labeled with horseradish peroxidase for 1 hour at room temperature.
Immunoreactivity was detected using a BeyoECL Plus (P0018M, Beyotime, Shanghai, China) according to the
instructions of manufacture in the Bio-RAD ChemiDoc Imaging System. The amount of each protein was
semi-quantitatively determined as the ratio of GAPDH indicated on each gel. For ubiquitin detection, the cell
lysate was immunoprecipitated with PD-L1 antibody to get the denatured protein solution, and the ubiquitin level
of PD-L1 protein was detected by Western blot with Ubiquitin antibody. MG132 (Beyotime) was used to block the
catalytic activity of proteasome in advance.
Construction of Hepa1-6 with stable overexpression of HBx（Hepa1-6/HBx）
Lentivirus expression vector was pLV-EF1α-MCS-IRES-BSD (puro). The DNA of the target gene HBx was
amplified by using the PCR primers (HBx F’: 5’-AGAGAATTCGGATCCatggctgctaggctgtgct-3’; HBx R’:
5’-TGGCTCGAGCCCGGGttaggcagaggtgaaaaagttg-3’). BamHI and SmaI were used for digestion and ExoⅢ was
used for connection. Finally, the HBx lentivirus vector was sequenced. HBx lentivirus vector and lentivirus
packaging mixture were co-transfected into 293T cells to obtain HBx lentivirus supernatant. HBx lentivirus was
transfected into Hepa1-6 mouse hepatoma cells, and Hepa1-6 cells stably expressing HBx (Hepa1-6/HBx) were

Chen Z, et al. J Immunother Cancer 2020; 8:e001377. doi: 10.1136/jitc-2020-001377

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

J Immunother Cancer

obtained after puromycin screening.
Flow cytometry analysis
The samples were treated into single cell suspension and filtered into EP tube. After repeated washing, the final
volume was adjusted to 100 μl, and then the blocking solution of Fc was added [the blocking solution of mouse
cells was CD16/32 (14-0161-81, Ebioscience, San Diego, CA); and the blocking solution of human cells was
Human TruStain FcX (422301, Biolegend, San Diego, CA)]. Then the cells were incubated with flow antibody at
4 ℃ and hidden from light for 30 minutes. After washing with precooled PBS, the cells were detected by the BD
Accuri C6 PlusTM platform.
Cell viability assay
Cell viability was assessed using the CCK-8 Assay Kit (Dojindo Laboratories, Kumamoto, Japan) and operated
according to the instructions. WST-8 was measured spectrophotometrically at 450 nm using a SpectraMax M5
(Molecular Devices, Sunnyvale, CA).
Construction of co-culture system
Hepatoma cells (HepG2 or Huh7) were inoculated in 6-well plates and transfected with HBx plasmid (1 μg/ml)
for 24 hours. After changing to fresh medium, pre-extracted peripheral blood mononuclear cells (PBMCs) was
added for co-culture. Meanwhile, DMC was added in the "HBx+DMC" group. After 24 hours, hepatoma cells and
PBMCs were collected and detected by flow cytometry.
Microarray chip analysis
Microarray chip analysis was completed by Shanghai OE Biotech Co Ltd (OE Biotech, Shanghai, China). Total
RNA were quantified by the NanoDrop ND-2000 (Thermo Scientific) and the RNA integrity was assessed using
Agilent Bioanalyzer 2100 (Agilent Technologies).The sample labeling, microarray hybridization and washing
were performed based on the manufacturer’s standard protocols. Briefly, total RNA were transcribed to double
strand cDNA, then synthesized into cRNA and labeled with Cyanine-3-CTP. The labeled cRNAs were hybridized
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onto the microarray. After washing, the arrays were scanned by the Agilent Scanner G2505C (Agilent
Technologies). Feature Extraction software (version10.7.1.1, Agilent Technologies) was used to analyze array
images to get raw data. Genespring (version13.1, Agilent Technologies) were employed to finish the basic
analysis with the raw data. To begin with, the raw data was normalized with the quantile algorithm. The probes
that at least 100% of the values in any 1 out of all conditions have flags in "Detected" were chosen for further data
analysis. Differentially expressed genes were then identified through fold change as well as P value calculated
with t-test. The threshold set for up- and down-regulated genes was a fold change ≥ 2.0 and a P value ≤ 0.05.
Afterwards, GO analysis and KEGG analysis were applied to determine the roles of these differentially expressed
mRNAs. Finally, Hierarchical Clustering was performed to display the distinguishable genes' expression pattern
among samples.
Co-immunoprecipitation (Co-IP)
For co-immunoprecipitation, the cells were treated with lysis buffer (P0013, Beyotime) with PMSF and
phosphatase inhibitor, and lysates were obtained by centrifugation. Non-specific antibodies were removed by
using control IgG from the same source and protein A/G Plus-agarose (sc-2003, Santa Cruz, CA). Then lysates
were mixed with protein A/G Plus-agarose and AMPKα antibody or PD-L1 antibody, and incubated overnight at
4 ℃. The immune complex were resuspended in SDT lysate and boiled at 100 ℃ for 5 minutes. The obtained
sample can be used for Western blot or MS analysis. The secondary antibody of Mouse Anti-rabbit IgG (L27A9)
mAb was used in Western blot for avoiding the interference of light and heavy chain IgG.
Immunofluorescence
For immunofluorescence staining, cells were first fixed with 4% paraformaldehyde, then permeabilised and
blocked with blocking buffer. The cells were incubated with PD-L1 and GRP94 antibody overnight at 4 ℃, and
then incubated with fluorescent secondary goat anti-rabbit IgG FITC antibody and goat anti-mouse IgG (Alexa
Fluor 555 Conjugate) for 1 h at 37 ℃ in the dark. Cells were counterstained with 40,6-diamidino-2-phenylindole
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(DAPI) and visualised using a Leica SP8 confocal microscope (Leica, Germany).
LC-MS/MS analysis
The denatured protein solution can be obtained according to the step of co-immunoprecipitation and sent to the
mass spectrometer for analysis. LC-MS/MS was performed by Shanghai Applied Protein Technology Co. Ltd.
(Shanghai, China). Briefly, each fraction was injected for nanoLC-MS/MS analysis. The peptide mixture was
loaded onto a reverse phase trap column (Thermo Scientific Acclaim PepMap100, 100 μm×2 cm, nanoViper C18)
connected to the C18-reversed phase analytical column (Thermo Scientific Easy Column, 10 cm long, 75 μm
inner diameter, 3 μm resin) in buffer A (0.1% Formic acid) and separated with a linear gradient of buffer B (84%
acetonitrile and 0.1% Formic acid) at a flow rate of 300 nl/min controlled by IntelliFlow technology. LC-MS/MS
analysis was performed on a Q Exactive mass spectrometer (Thermo Scientific) that was coupled to Easy nLC
(Proxeon Biosystems, Thermo Fisher Scientific). The mass spectrometer was operated in positive ion mode. MS
data was acquired using a data-dependent top10 method dynamically choosing the most abundant precursor ions
from the survey scan (300–1800 m/z) for HCD fragmentation. Automatic gain control (AGC) target was set to 3e6,
and maximum inject time to 10 ms. Dynamic exclusion duration was 40.0 s. Survey scans were acquired at a
resolution of 70,000 at m/z 200 and resolution for HCD spectra was set to 17,500 at m/z 200, and isolation width
was 2 m/z. Normalized collision energy was 30 eV and the underfill ratio, which specifies the minimum
percentage of the target value likely to be reached at maximum fill time, was defined as 0.1%. The instrument was
run with peptide recognition mode enabled.
RNA interference
All small interfering RNAs (siRNAs) of RBX1 (RBX1 siRNA1: CUGGGAUAUUGUGGUUGAUTT; RBX1
siRNA2: GAAGCGCUUUGAAGUGAAATT), including NC with no homology to known human genes, were
chemically synthesised by GenePharma (Shanghai, China). One hundred picomoles of RBX1 siRNA or NC were
used for transfection according to the manufacturer’s instructions.

Chen Z, et al. J Immunother Cancer 2020; 8:e001377. doi: 10.1136/jitc-2020-001377

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

J Immunother Cancer

Statistic analysis
Chi-square test, Pearson, analysis of variance (ANOVA) and t-test statistical analysis were performed using
GraphPad Prism7 software (San Diego, CA). Pearson used for analyzing the correlation between CD163 and
PD-L1 expression. All values were expressed as mean ± standard deviation (SD) of replicates. P<0.05 indicates
statistical significance.
Antibodies:
Name

Catalog number

Source

HBx

ab39716

Abcam, Cambridge, UK

human CD8

ab93278

Abcam

mouse CD8

ab209775

Abcam

human PD-L1

ab213524

Abcam

mouse PD-L1

#64988

Cell Signaling Technology,
Beverly, MA

CD163

ab182422

Abcam

Ubiquitin

#3936

Cell Signaling Technology

PD-L1

ab213524

Abcam

CD163

ab182422

Abcam

AMPKα

#5831

Cell Signaling Technology

Thr172-pAMPKα

#2535

Cell Signaling Technology

GAPDH

#5174

Cell Signaling Technology

HSPH1

ab109624

Abcam

RBX1

ab133565

Abcam

UBE2K

ab52930

Abcam

anti-mouse CD45 (FITC)

103108

Biolegend

anti-mouse CD8a (PerCP)

100731

Biolegend

anti-PD-L1 antibody

12-5983-42

Invitrogen, Carlsbad, CA

anti-PD-L1 isotype control

12-4714-81

Invitrogen

anti-human CD3 antibody

317305

Biolegend

344707

Biolegend

#5127

Cell Signaling Technology

GRP94

60012-1

Proteintech, Chicago, IL

goat anti-rabbit IgG FITC
antibody

ab6717

Abcam

goat anti-mouse IgG (Alexa
Fluor 555 Conjugate)

#4409

Cell Signaling Technology

anti-human CD8 antibody
Mouse
Anti-rabbit
(L27A9) mAb

IgG
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Supplementary Figure Legends
Fig. S1. The difference of PD-L1 expression in immune cells between HBx positive and negative HCC tissues
(200×). The red arrow indicated the positive expression of PD-L1 in immune cells.The bottom left corner of each
histochemical picture was a magnification representative field (400×).
Fig. S2. Tumor data obtained from GEPIA database were used to analyze the correlation between CD274 and
CD163 gene levels. The results showed that there was a positive correlation between CD274 and CD163 gene
expression, which was statistically significant.
Fig. S3. The volcano plot of differential genes in microarray results. According to the screening rules, the blue dot
on the left and the red dot on the right meet the selection range of differential genes (screening criteria:
up-regulation or down-regulation multiple change≥2.0 and P≤0.05).

Fig. S4. (A-B) The base peak diagram of MS.
Fig. S5. The protein enrichment pathway was analyzed by MS data software, and the red box in the picture was
the first three enrichment pathway.
Fig. S6. The number of protein types detected in the two different treatment groups DMC- (control group) and
DMC+ (test group). In the middle "710" was the common protein type of the two groups, and the left and right
were the respective protein types.
Fig. S7. The second-order mass spectra of HSPH1 (A), RBX1 (B) and UBE2K (C) protein sequences, which
reflect the mass-charge ratio distribution of the actual detected secondary ions (b, y ions matching map).
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Cell Line Authentication Service
STR Profiling Report

Sample From:
Sample Type:Cell Line
Testing Method:STR Genotyping
Report Time: Jun.28.2020

1

Add: Room 502, No.2, Zhongxing Creative Park, Lane 1015, Longteng Road, Songjiang District,
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COMPANY STATEMENT
1. THIS REPORT IS ONLY RESPONSIBLE FOR THE SAMPLES ANALYZED.
2. THE TESTING RESULTS AND THE ORGANIZATION NAME WILL NOT BE USED
FOR ADVERTISEMENT, COMMERCIAL EXHIBITIONS, COMMERCIAL
PERFORMANCE AND OTHER COMMERCIAL ACTIVITIES.
3.

OBJECTIONS SHOULD BE RAISED WITHIN FIFTEEN DAYS AFTER THE RECEIPT
OF THIS REPORT.

4.

THE PAPER REPORT WITH CONTENT ALTERING, ADDING OR WITHOUT THE
STAMPED SEAL OF THE COMPANY ARE INVALID.

Testing Company: Shanghai BiowingApplied Biotechnology Co. Ltd
Address: Room 205, NO.885 Wangjiashe Road, Songjiang District, Shanghai
Tel: +86-021-33559491
Contact: Wenyao Zhang
E-mail:market@biowing.com.cn
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Cell Line Authentication – STR Profiling Report
Sample code
Table 1. Sample Code
Customer’s code
Company Code
HepG2
20200622-01

Sample Number:1
Sample Type: Cell line
Testing Type: STR
Testing Method:
DNA was extracted by a commercial kit from CORNING (AP-EMN-BL-GDNA-250G).
The twenty STRs including Amelogenin locus were amplified by six multiplex PCR and
separated on ABI 3730XL Genetic Analyzer. The signals were then analyzed by the
software GeneMapper.

Data Interpretation:
Cell lines were authenticated using Short Tandem Repeat (STR) analysis asdescribed in
2012 in ANSI Standard (ASN-0002) by the ATCC StandardsDevelopment Organization
(SDO) and in Capes-Davis et al., Match criteria forhuman cell line authentication: Where
do we draw the line? Int J Cancer.2013;132(11):2510-9.
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Test Results
1. STR profile
Table 2. STR and Amelogenin Genotyping Results of Cell line.

Loci

4

Sampleinformation

Cell Bank information

Sample name：HepG2

Cell line name：GS-HepG2

Allele1

Allele2

D5S818

11

D13S317

Allele3

Allele1

Allele2

12

11

12

9

13

9

13

D7S820

10

10

10

10

D16S539

12

12

12

12

VWA

17

17

17

17

TH01

9

9

9

9

AMEL

X

Y

X

Y

TPOX

8

9

8

9

CSF1PO

10

11

10

11

D12S391

21

25

FGA

22

25

D2S1338

19

20

D21S11

29

31

D18S51

13

14

D8S1179

15

16

D3S1358

15

16

D6S1043

13

13

PENTAE

15

20

D19S433

15.2

15.2

Allele3
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PENTAD

9

13

D1S1656

11

12

2. Authentication
The submitted sample profile is human, but not a match for any profile in the DSMZ STR
database.
The submitted profile is an exact match for the following human cell line(s) in the DSMZ
STR database (8 core loci plus Amelogenin):GS-HepG2.
The submitted profile is similar to the following DSMZ human cell line: /.


Note: A cell line can be considered to be authenticated when 80% (exact match) of the
alleles in its STR profile match profiles from tissue or other cell line samples from that donor
or from database. Cell lines with between a 55% to 80% (similar) match require further
profiling for investigation of relatedness.
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Appendix:
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1. Genotyping Strategy and Site Distribution
Table S1. Experimental Strategy and Sites
Strategy 1

Strategy 2

Strategy 3

Strategy 4

1

D3S1358

D8S1179

D19S433

AMEL

2

VWA

D21S11

TH01

D1S1656

3

D7S820

D16S539

D13S317

D5S818

4

CSF1PO

D2S1338

TPOX

D12S391

5

PENTAE

PENTAD

D18S51

FGA

6

D6S1043

The allele match algorithm compares the 8 core loci plus amelogenin only, even though
alleles from all lociwill be reported when available.
2. DSMZ tools was used to carry on the cell line comparison, which contains 2455 cell lines STR
data from ATCC, DSMZ, JCRB ,ECACC，GNE and RIKEN databases. If the cell is not
included in the above cell library, users need tocompared with other databases.

Technician: Jianan Zhang
Checked by:Chenqian Zhang
Issued by: Yang Bai
Issue date:Jun.28.2020
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Cell Line Authentication Service
STR Profiling Report

Sample From:
Sample Type:Cell Line
Testing Method:STR Genotyping
Report Time: Jun.28.2020

COMPANY STATEMENT
5. THIS REPORT IS ONLY RESPONSIBLE FOR THE SAMPLES ANALYZED.
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6. THE TESTING RESULTS AND THE ORGANIZATION NAME WILL NOT BE USED
FOR ADVERTISEMENT, COMMERCIAL EXHIBITIONS, COMMERCIAL
PERFORMANCE AND OTHER COMMERCIAL ACTIVITIES.
7.

OBJECTIONS SHOULD BE RAISED WITHIN FIFTEEN DAYS AFTER THE RECEIPT
OF THIS REPORT.

8.

THE PAPER REPORT WITH CONTENT ALTERING, ADDING OR WITHOUT THE
STAMPED SEAL OF THE COMPANY ARE INVALID.

Testing Company: Shanghai BiowingApplied Biotechnology Co. Ltd
Address: Room 205, NO.885 Wangjiashe Road, Songjiang District, Shanghai
Tel: +86-021-33559491
Contact: Wenyao Zhang
E-mail:market@biowing.com.cn
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Cell Line Authentication – STR Profiling Report
Sample code
Table 1. Sample Code
Customer’s code
Company Code
HuH7
20200622-02

Sample Number:1
Sample Type: Cell line
Testing Type: STR
Testing Method:
DNA was extracted by a commercial kit from CORNING (AP-EMN-BL-GDNA-250G).
The twenty STRs including Amelogenin locus were amplified by six multiplex PCR and
separated on ABI 3730XL Genetic Analyzer. The signals were then analyzed by the
software GeneMapper.

Data Interpretation:
Cell lines were authenticated using Short Tandem Repeat (STR) analysis asdescribed in
2012 in ANSI Standard (ASN-0002) by the ATCC StandardsDevelopment Organization
(SDO) and in Capes-Davis et al., Match criteria forhuman cell line authentication: Where
do we draw the line? Int J Cancer.2013;132(11):2510-9.
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Test Results
1. STR profile
Table 2. STR and Amelogenin Genotyping Results of Cell line.

Loci

12

Sampleinformation

Cell Bank information

Sample name：HuH7

Cell line name：HuH-7

Allele1

Allele2

D5S818

12

D13S317

Allele3

Allele1

Allele2

12

12

12

10

11

10

11

D7S820

11

11

11

11

D16S539

10

10

10

10

VWA

18

18

16

18

TH01

7

7

7

7

AMEL

X

X

X

X

TPOX

7

8

8

11

CSF1PO

11

11

11

11

D12S391

20

20

FGA

22

23

D2S1338

19

19

D21S11

30

30

D18S51

15

15

D8S1179

14

14

D3S1358

15

15

D6S1043

13

15

PENTAE

11

11

D19S433

14

16

11

Allele3

16
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PENTAD

12

12

D1S1656

16

16

2. Authentication
The submitted sample profile is human, but not a match for any profile in the DSMZ STR
database.
The submitted profile is an exact match for the following human cell line(s) in the DSMZ
STR database (8 core loci plus Amelogenin):HuH-7.
The submitted profile is similar to the following DSMZ human cell line: /.


Note: A cell line can be considered to be authenticated when 80% (exact match) of the
alleles in its STR profile match profiles from tissue or other cell line samples from that donor
or from database. Cell lines with between a 55% to 80% (similar) match require further
profiling for investigation of relatedness.
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Appendix:
1. Genotyping Strategy and Site Distribution
Table S1. Experimental Strategy and Sites
Strategy 1

Strategy 2

Strategy 3

Strategy 4

1

D3S1358

D8S1179

D19S433

AMEL

2

VWA

D21S11

TH01

D1S1656

3

D7S820

D16S539

D13S317

D5S818

4

CSF1PO

D2S1338

TPOX

D12S391

5

PENTAE

PENTAD

D18S51

FGA

6

D6S1043

The allele match algorithm compares the 8 core loci plus amelogenin only, even though
alleles from all lociwill be reported when available.
2. DSMZ tools was used to carry on the cell line comparison, which contains 2455 cell lines STR
data from ATCC, DSMZ, JCRB ,ECACC，GNE and RIKEN databases. If the cell is not
included in the above cell library, users need tocompared with other databases.
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