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Abstract
Background:

Immune checkpoint blockade is considered a breakthrough in cancer treatment. However, the low
response rates and therapeutic resistance of patients with hepatocellular carcinoma (HCC) represent
significant challenges in the application of this treatment. Liver cirrhosis is a key driver of tumor immune
escape. However, the mechanism underlying this outcome has never been clarified. This study sought to
explore the role of liver cirrhosis in regulating tumor-infiltrating lymphocytes (TILs) and inducing tumor
immunosuppression.

Methods:

Ninety-nine fixed HCC tissue samples were used to analyze the association between liver cirrhosis and
immune escape by immunohistochemistry. H22 cells with or without GOLM1 knockdown were inoculated
subcutaneously into BALB/c and BALB/c-nu/nu mice. We also created hepatocyte-specific GOLM1
transgenic mice (Alb/GOLM1 mice) and induced chemical carcinogenesis. The efficacy of anti-PD-L1
therapy combined with GOLM1 inhibition was estimated in GOLM1 -overexpressing subcutaneous model
of HCC.

Results:

In HCC patients, low FIB-4 values and high CD8+ T cell infiltration were correlated with prolonged survival.
Elevated expression of immune checkpoints and attenuated antitumor immunity were observed in CCl4-
induced mice liver fibrosis models and human fibrotic livers compared to control group. GOLM1 levels
were increased in livers of patients with cirrhosis and mice in response to CCl4-induced liver fibrosis.
CD8+ T cell infiltrations were significantly decreased and PD-L1 expression was significantly increased in
tumor tissues from Alb/GOLM1 mice compared to their corresponding control WT mice. GOLM1 induced
PD-L1 expression via EGFR pathway activation. EGFR inhibitors, especially together with anti-PD-L1
therapy, improved the efficacy of immunotherapy in HCC.

Conclusions:

These findings illustrate the importance of liver fibrosis-induced immunosuppression as a tumor-
promoting mechanism. GOLM1, which is highly upregulated in the fibrotic liver, regulates tumor
microenvironmental immune escape via the EGFR/PD-L1 signaling pathway. EGFR blockade may bolster
the efficacy.

Introduction
Hepatocellular carcinoma (HCC) is among the most prevalent cancer-associated causes of mortality [1,
2]. Early HCC can be treated by a variety of means, including surgical resection, radiofrequency ablation,
and chemoembolization. However, there are few treatment options for advanced HCC, and the prognosis
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is poor [3, 4]. Host immunity acts as a supervisor during the occurrence and development of HCC. Tumors
evade adaptive immune responses through immune checkpoints. The application of immune checkpoint
inhibitors (ICIs) in clinical practice has revolutionized cancer immunotherapy in the past decade[5, 6].
However, in HCC, immunotherapy has generally not produced significant clinical results due to the
existence of an immunosuppressive tumor microenvironment (TME).

Liver cirrhosis is correlated with elevated HCC risk in those suffering from chronic hepatitis [7].
Furthermore, liver cirrhosis is also regarded as a vital risk factor in inducing multicentric recurrence in the
remnant liver after curative resection. Liver cirrhosis presents with pathological extracellular matrix (ECM)
component accumulation in the liver [8, 9]. Emerging evidence proves the important roles of tumor ECM
components and highly biologically active soluble mediators (alarmins, cytokines, and chemokines) in
tumor immunosuppression [10, 11], which is a major reason why fibrosis evolves into cirrhosis and HCC.
Therefore, more attention should be given to the relationship between liver fibrosis and tumor
immunosuppression, as immune escape that promotes the transformation of liver fibrosis into
carcinogenesis or multicentric recurrence in the remnant liver after curative liver resection requires further
research.

In this research, we hypothesized that Fibrosis-4 (FIB-4), which is considered a noninvasive liver fibrosis
biomarker, is correlated with the immunosuppressive activity of HCC by reflecting immune checkpoint
molecule expression and infiltration of CD8+ tumor-infiltrating lymphocytes (TILs). We therefore
conducted clinicopathological analysis of resected tumor specimens from HCC patients, and further
explored the effect and the mechanism of liver fibrosis in promoting tumor immunosuppression in vivo
and in vitro.

Through bioinformatic analysis, we found GOLM1 to be one of the most upregulated genes in the fibrotic
liver. We confirmed that GOLM1 was highly expressed in the murine liver after carbon tetrachloride (CCl4)
injection and in fibrotic liver tissue in human tissue specimens [12]. However, the relationship between
GOLM1 and immune escape in the HCC microenvironment has not yet been investigated.

Herein, inhibition of GOLM1 in HCC decreased tumor growth more notably in immunocompetent mice
than in nude mice by promoting antineoplastic CD8+ T cell functions. In addition, the correlations among
GOLM1 expression, lymphocyte numbers, and survival in human HCC were evaluated. The effects of
hepatocyte-specific GOLM1 overexpression (Alb/GOLM1 mice) in a murine diethylnitrosamine (DEN)-
induced HCC model that spontaneously develops autochthonous tumors were also examined. The
mechanisms by which GOLM1 induces PD-L1 expression and inhibits the activity of immune cells were
studied.

Materials And Methods

Clinical samples and tissue microarray
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Paraffin-embedded samples of resected tumors from 99 HCC patients collected at the First Affiliated
Hospital of Xi'an Jiaotong University from June 2014 - July 2018 were obtained. Clinical information was
described in prior study [13]. Advanced liver fibrosis/cirrhosis was defined as FIB-4 > 3.25 [14], among the
99 patients included in tissue microarray, 54 (54.5%) were categorized as advanced liver
fibrosis/cirrhosis. The medical Ethics Committee of first affiliated hospital of Xi'an Jiaotong University
approved the present study, which was consistent with the 1975 Declaration of Helsinki.

Patient Data
Clinicopathologic data obtained from 186 HCC patients who underwent hepatectomy between January
2000 and December 2018 were collected at the First Affiliated Hospital of Xi'an Jiaotong University. The
influence of the FIB-4 index on overall survival (OS) and disease-free survival (DFS) was evaluated.

IHC staining
Immunohistochemical (IHC) staining for PD-1, PD-L1, TIM-3, CTLA-4, IDO-1 and LAG-3 in mouse and
clinical specimens was performed according to standardized institutional protocols as in prior studies
[15]. Supplementary Table 3 lists primary antibodies used herein.

Cell cultures
HCC cell lines used in this study, including human HCC cell lines (Hep3B and HCCLM3) and mouse HCC
cell lines (H22) were purchased from the Institute of Biochemistry and Cell Biology, Chinese Academy of
Science (Shanghai China). Cells were cultured in DMEM or RPMI 1640 medium containing 10% FBS and
penicillin/streptomycin at 37 ℃ with 5% CO2.

Establishment of GOLM1 overexpressing or knocking down
stable HCC cell lines
GOLM1 overexpression or shRNA knockingdown lentivirus was purchased from genechem (Shanghai,
China). Cells were seeded in six-well plates for overnight and further infected with virus and polybrene.
Positive clones were selected by using puromycin for following 14 days to obtain the stable cell lines.

Animal studies
Mouse GOLM1 knock-in at the H11 locus in C57BL/6N mice was performed with CRISPR/Cas-mediated
genome engineering and conducted by Cyagen Biosciences Corporation (Guangzhou, China). The “Alb-
mouse GOLM1 cDNA-polyA” cassette was inserted into the H11 locus (~ 0.7 kb 5' of the Eif4enif1 gene
and ~ 4.5 kb 3' of the Drg1 gene). BAC clone from the C57BL/6 library as the template was used to
generate homology arms by polymerase chain reaction (PCR) and the targeting vector was successfully
engineered. Fertilized eggs were injected with Cas9 and gRNA with a targeting vector for mouse
production. PCR and sequencing approaches were used for pup genotyping. The sequencing results are
shown in Supplementary Fig. 1. Transgenic mice were bred in the medical school of Xi'an Jiaotong
University. Animal care and experimental procedures were approved by the Ethics Committee of Xi'an
Jiaotong University. Samples of DNA obtained from the tail were used for PCR identification of transgenic
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mice. Transgene primer sequences were: F1: 5’-GCATAATAAATGTGCCCGTCG-3’, and R1: 5’-
CTTTATTAGCCAGAAGTCAGATGC-3’.

The chemically induced hepatocarcinogenesis model of HCC was conducted as in prior reports [16].
Briefly, fourteen-day-old GOLM1 transgenic (GOLM1 TG) and wild-type (WT) mice were intraperitoneally
(i.p.) injected with 25 mg/kg DEN (Sigma-Aldrich, MO, USA). Fourteen days later, mice were further
injected carbon tetrachloride (CCl4, Sigma-Aldrich) dissolved in mineral oil at a dose of 0.5 mL/kg via i.p.
injection once weekly for the following 20 weeks.

Induction of liver fibrosis
Eight- to ten-week-old male WT mice and their GOLM1 TG littermates were e i.p. injected twice a week
with 0.5 mL/kg CCl4 or an equal volume of mineral oil for 6 weeks and sacrificed 48 h after the last
injection. The mouse serum and liver were collected for subsequent experiments.

Liver tumor model
A subcutaneous tumor model was established on 8-week-old male BALB/c mice or 4-week-old BALB/c-
nu/nu mice. H22 cells were infected with GOLM1 knockdown lentivirus (H22-shGOLM1) or control
lentivirus (H22-shcontrol). Then the cells (4 × 106) in PBS were collected and subcutaneously injected into
the armpit of the mice. All of the mice were sacrificed following a two-week period, after which tumors
were excised, weighed, paraffin-embedded, and using for IHC analyses.

Combined therapy of EGFR inhibitor gefitinib and anti-PD-L1 antibody was conducted as following.
GOLM1 overexpressing H22 cells were injected subcutaneously into BALB/c mice. When these tumors
were 50 mm3, the mice were divided in to four groups: one control group was treated with an isotype
control, two monotherapy groups were administered anti-PD-L1 antibody 200 µg, i.p. injection every three
days) or gefitinib (6.5 mg/kg, once daily by oral gavage), one combination therapy group was treated with
gefitinib and anti-PD-L1 antibody. All of the mice were sacrificed after 16 days. Then serum was isolated
for detecting cytokines by using ELSIA assay. Tumors were then excised and paraffin embedded as
above.

Flow cytometry
PD-L1 expressed on cell membrane was assessed via flow cytometry as in prior reports [17]. HCC cells
were collected and suspended in a PBS buffer containing 0.1% BSA followed by staining for 30 minutes
with PE- anti-human PD-L1 or PE- mouse IgG2b (BioLegend, CA, USA) at room temperature. Cells were
then washed thrice in PBS, resuspended in PBS and further tested and assessed via flow cytometer
(ACEA NovoCyte, CA, USA).

TILs were isolated from mouse tumors using a murine tumor dissociation kit (Miltenyi Biotec; Bergisch
Gladbach, Germany). EDTA tubes were used to collect blood samples from mouse, and PBMC isolation
via density gradient centrifugation with Pancoll (PAN-Biotec, Aidenbach, Germany) was then performed



Page 6/24

as in prior reports [18]. TILs and PBMCs were stained with a fluorophore-labeled antibody for 30 min,
washed and suspended in PBS and further analyzed by flow cytometry.

CTL cytotoxicity assay
The activity of cytotoxic T lymphocytes (CTLs) was evaluated as previously described [19]. Briefly, CD8+

T cells from healthy donor blood were enriched with a RosetteSep™ Human CD8+ T Cell Enrichment
Cocktail (StemCell, Vancouver, BC, Canada) and further stimulated with CD3/CD28 T Cell Activator
Cocktail (StemCell, Vancouver, BC, Canada) for 72 h. Then, the T cells were cocultured with target cells at
the ratio indicated. The cytotoxicity of the CTLs was detected by using a cytotoxicity LDH assay kit
(Dojindo, Japan).

qRT-PCR
TRIzol (Invitrogen, California, USA) was used to extract total RNAand then reverse transcribed into cDNA
(Takara, Japan). Then the real-time PCR assay was conducted by using TB Green PCR Master Mix
(Takara, Japan) and an ABI StepOne Plus Detection System. The results were normalized to those for
GAPDH for mRNA expression measurement. The sequences of primer used were shown in supplementary
table 4.

ELISA
The levels of IFN-γ, TNF-α, IL-2, IL-10 and IL-4 in the serum of the mouse were assessed using the relative
elisa kit (R&D Systems, Inc, MN, USA) based on provided directions.

Immunofluorescence
Following a 15 minute fixation step using 4% paraformaldehyde, 0.5% Triton X-100 was used for
permeabilization for 10 minutes, blocked using 1% BSA for 1 h, and then stained overnight with
appropriate primary antibodies. Secondary anti-mouse AF488- or AF594-conjugated antibodies
(proteintech, wuhan, China) were then used for staining, after which 4’,6-diamidino-2-phenylindole (DAPI)
(Sigma-Aldrich) was employed for nuclear staining. Finally, the slides were mounted and imaged under a
Nikon A1 confocal microscope (Nikon; Minato-ku, Tokyo, Japan).

Statistical analysis
Data were compared via Student’s t-tests or ANOVAs for continuous variables, whereas χ2 test or Fisher’s
exact tests were used to compare proportions as appropriate. Kaplan–Meier method was used to
calculate survival rates and the survival differences between groups were compared using the log-rank
test. The association of relevant clinicopathological variables with overall survival and disease-free
survival was assessed using Cox proportional hazards models. Statistical analyses were carried out with
IBM SPSS 24.0 statistical software (SPSS Inc., IL, USA). A two-sided P < 0.05 was the threshold of
significance. For all IHC markers, the cutoff for the definition of subgroups was the median value.
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Results
Liver cirrhosis is associated with poor clinical outcomes in HCC patients after liver resection

To study the prognostic role of liver fibrosis index FIB-4 in HCC patients following liver resection, we
evaluated its correlation with prognosis in 186 enrolled HCC patients with liver cirrhosiss (Supplementary
table 1 and table 2). The multivariate analysis showed that preoperative FIB-4 > 3.25 is an independent
risk factor for OS and DFS after HCC curative resection (Fig. 1A and 1B, Supplementary table 2). To
explore the relationship between liver cirrhosis and the immune microenvironment, we conducted HE
staining, sirius red staining and IHC staining for α-SMA and CD8 in 99 surgically resected HCC
peritumoral tissue samples (Fig. 1C). Patients with advanced fibrosis had significantly low CD8 + TIL
numbers in peri-tumoral tissues than those with mild fibrosis. Further correlation analysis showed that
the FIB-4 value was negatively correlated with CD8+ TIL numbers (Fig. 1D). We then identified the roles of
FIB-4 and CD8+ TILs in predicting clinical prognosis. Survival analysis showed that higher CD8+ TIL
numbers tended to reflect better OS and DFS (Fig. 1E and 1F). Opposite trends were demonstrated for the
FIB-4 value in OS and DFS prediction (Fig. 1G and 1H). Then, we conducted combined analysis of FIB-4
and CD8, and the data showed that patients with a low FIB-4 score and high CD8 + TIL number exhibited
longer OS and DFS times than patients with other patterns (Fig. 1I and 1J). Thus liver cirrhosis may
induce immunosuppression, which strongly contributes to HCC prognosis.

Hepatic fibrosis promotes immunosuppression and tumor growth

Immune checkpoint molecules are important in inducing immune suppression, but their roles in the
malignant transformation process of liver fibrosis into liver cancer have not been investigated. We firstly
analyzed the association between the level of liver fibrosis and the expressions of immune checkpoint
molecules by analyzing the data contained in the gene chip of HBV fibrosis (GSE38941) and HCV fibrosis
(GSE6764). The results shown that for HBV-fibrosis, the mRNA levels of PD-1, PD-L1, TIM-3, CTLA-4,
BTLA, TIGT, IDO-1 and LAG-3 were remarkably increased compared with normal liver tissues. For HCC
patients with HCV, the mRNA levels of TIM-3, CTLA-4, BTLA and IDO-1 in fibrotic tissue were significantly
higher than those in normal liver tissues. In addition, there were no difference in the mRNA levels of TIM-
3, CTLA-4, BTLA and IDO-1 between the fibrotic tissue and tumor tissue (Supplementary Figure 2). We
then analyzed the association between the degree of liver fibrosis and the expressions of immune
checkpoint molecules by performing IHC staining of α-SMA, sirius red and a series of immune checkpoint
molecules (such as PD-L1, PD-1, LAG3, CTLA4, IDO-1 and TIM-3) on HCC tissue microarray (Figure 2A).
The results of quantitative analysis indicated that for paracancerous tissues, the expression levels of
immune checkpoint molecules in sever liver fibrosis were higher than those in mild liver fibrosis or normal
liver tissue (Figure 2A and supplementary Figure 3), suggesting a positive association between the
severity of liver fibrosis and immune checkpoint molecule expression in the paracancerous tissues.
Meanwhile, we also found that intratumuoral immune checkpoint molecules expressions (PD-L1, LAG3,
TIM-3, CTLA4 and IDO-1) were not increased compared with the adjacent tissues. Altogether, the
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result indicates that the expressions of immune checkpoint molecules were elevated significantly in the
process of liver fibrosis but not the HCC canceration course.

To reveal the effect of liver fibrosis on immune checkpoint molecule expression and cancer development,
we successfully established a mouse liver fibrosis model by injecting CCl4 which was confirmed by
immunohistochemical staining of α-SMA and collagen Ⅰ (Supplementary figure 4). As expected, the levels
of immune checkpoint molecules including PD-1, PD-L1, LAG-3, IDO-1, CTLA4 and TIM-3, were all elevated
in the CCl4-treated group compared with the control group (Figure 2B).

GOLM1 level is significantly increased in the liver fibrosis process

GOLM1 has drawn increasing attention for its high diagnostic accuracy of liver diseases including
hepatitis, liver cirrhosis and liver cancer. Gene chip data (GSE89147) of CCl4 induced liver fibrosis in mice
confirmed the upregulation of GOLM1 in liver fibrosis (Supplementary figure 5A, B). IHC staining showed
that the expression of GOLM1 in CCl4-induced liver fibrosis group was significantly increased compared
with the control group (Supplementary figure 5C). By analyzing the gene chip data for human liver
diseases, including HBV (GSE38941), HCV(GSE38226), nonalcoholic steatohepatitis (NASH) (GSE48452)
and alcoholic liver disease(GSE28619), we found that compared with the normal group, GOLM1 mRNA
was significantly upregulated in these liver diseases group (Supplementary figure 5D), suggesting that
the GOLM1 may play a crucial role in the pathogenesis of liver fibrosis. Further IHC staining for GOLM1
and the liver fibrosis marker α-SMA, as well as Sirius red staining in the human HCC tissue microarray
demonstrated that GOLM1 expression was positively correlated with the severity liver fibrosis
(Supplementary figure 5E). To assess the role of GOLM1 in liver fibrosis, CCl4 -induced liver injury model
was established for WT and GOLM-TG mice. Severer inflammation and liver function injury in CCl4-
injected GOLM-TG mice than in WT mice were observed. Collagen I IHC and sirius staining showed more
serious liver fibrosis in CCl4-injected GOLM-TG mice than in WT mice (Supplementary Figure 6).

GOLM1 overexpression alters the immune and inflammatory profiles of the tumor site

To identify the role of GOLM1 in the tumor immune microenvironment in vivo, we generated transgenic
mice with hepatocyte-specific GOLM1 overexpression. The high expression of GOLM1 in the mRNA and
protein levels confirmed the success of transgenic mice generation (Supplementary Figure 1). We further
established a classic chemically induced carcinogenesis model, the DEN/CCl4-induced HCC model.
Tumor occurrence was detected at 8 months, 10 months and 12 months. Compared with their WT
counterparts, GOLM1 TG mice exhibited a higher HCC incidence, heavier liver to body weight ratio and
larger tumor diameter (Figure 3A-3D). The effect of GOLM1 on the TME was evaluated further by
measuring the content of immune and inflammatory cells and the expression of immune checkpoint
molecules in liver tumor tissues. The flow cytometry results revealed an obvious reduction in CD8+ T cell
numbers and an induction of tumor-associated macrophages (TAM) (F4/80+CD11b+) in GOLM1 TG
tumors compared with WT tumors (Figure 3E). There was no appreciable changes in the percentages of
other immune cells, including regulatory T (Treg) cells (CD4+CD25+Foxp3+),CD4+ T cells, , B cells (CD19+)
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and natural killer cells (NK1.1+) (Figure 3E). Similar results were obtained in PBMCs, and GOLM1
overexpression also led to a significant reduction in CD8+ T cell numbers, but other immune cell
populations were not changed (Figure 3F). IHC staining of tumor tissues also observed a decrease in
CD8+ T cell numbers in the GOLM1 TG mouse group compared with the WT counterpart group (Figure
3G). Interestingly, we observed that the levels of α-SMA, a marker of liver fibrosis, was also elevated in the
tumor tissues of GOLM1 TG mice, illustrating that GOLM1 promoted liver fibrosis in vivo (Figure 3G). To
assess how T cell checkpoint inhibitors impact GOLM1 -induced HCC carcinogenesis, we evaluated the
expression of checkpoint molecules such as PD-L1, PD-L2, TIM-3, LAG3, CTLA-4, and PD-1, in the tumor
tissues of GOLM1 TG mice and WT counterparts. These analyses revealed that the mRNA expression of
PD-L1 and TIM-3 was significantly increased in GOLM1 TG mice, whereas the expression levels of other
immune checkpoint molecules did not change significantly (Figure 3H), the increase of PD-L1 in GOLM1
TG mice was more obvious than TIM-3. IHC staining for PD-L1 in tumor tissues also confirmed that
GOLM1 overexpression induced PD-L1 expression. Together, these data indicate that GOLM1 promotes
the carcinogenesis of hepatocellular carcinoma through inducing immune evasion by upregulating PD-L1
expression.

GOLM1 promotes tumor immunosuppression in vivo

To evaluate the role of GOLM1 in immunosuppression, we used two mice strains, including
immunocompetent BALB/c mice and T cell deficient BALB/c-nu/nu mice, to establish a subcutaneous
transplanted tumor model. GOLM1 knockdown inhibited tumor growth in these two types of mice (Figure
4A-4E). The tumor volume in the shGOLM1 group was 0.3 times lower than that in the control group by
day 16 in BALB/c mice and 0.5-fold lower in BALB/c-nu/nu mice (Figure 4F). The result demonstrated
more tumor suppression in BALB/c mice relative to the BALB/c-nu/nu mice. IHC staining of tumors from
BALB/c mice presented that CD3+ and CD8+ T cells were infiltrated more in the GOLM1-knockdown H22
cell (H22-shGOLM1) transplanted mice than in the control cell (H22-shcontrol) transplanted mice (Figure
4G). However, α-SMA expression in the tumor site was decreased in the GOLM1 knockdown HCC cell-
bearing mice, confirming the inductive role of GOLM1 in liver fibrosis (Figure 4G). Collectively, these data
suggest that GOLM1 promote tumor progression by tumor immunosuppression.

GOLM1 induces PD-L1 via the EGFR/AKT/STAT3 pathway

To reveal the mechanism underlying GOLM1 induced PD-L1 expression, we overexpressed GOLM1 in
Hep3B cells or knocked down GOLM1 expression in HCCLM3 cells by lentiviral infection. Confocal
microscopy, flow cytometry and western blotting revealed that GOLM1 overexpression in Hep3B cells
induced PD-L1 expression (Figure 5A-5C). In contrast, GOLM1 knockdown in HCCLM3 cells reduced PD-
L1 expression (Figure 5D-5F). Further experiments of determining CTL cytotoxicity indicated that GOLM1
overexpression in Hep3B cells inhibited the cytotoxicity of CTLs (Figure 5G). In contrast, GOLM1 knocking
down in HCCLM3 cells stimulated the cytotoxicity of CTLs which was impaired by anti-PD-L1 treatment
(Figure 5H and 5I). Therefore, GOLM1 induced the inhibition of CTLs’ activity was mediated by PD-L1.
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EGFR is reportedly involved in PD-L1 regulation, and GOLM1 can also alter EGFR expression. We
hypothesized that GOLM1 induces PD-L1 via EGFR. In order to clarify the role of EGFR in GOLM1 induced
PD-L1 expression, gefitinib was used to block EGFR. Western blot analysis of the EGFR downstream
signaling pathway indicated that both phosphorylation of AKT and phosphorylation of STAT3 were
upregulated in GOLM1 overexpressing Hep3B cells, which was reversed by gefitinib inhibiting EGFR
(Figure 5J). Flow cytometric analysis demonstrated blocking EGFR inhibited GOLM1 overexpression
induced PD-L1 expression in Hep3B cells (Figure 5K). We further detected the EGFR expression in the liver
tumors of GOLM1 TG and WT counterparts by IHC staining. The results presented that EGFR expression
was upregulated in the GOLM1 TG mice compared with the WT mice (Figure 5L). Collectively, these
results suggested that GOLM1 promoted PD-L1 expression by activating the EGFR/AKT/STAT3 pathway.

Suppression of EGFR promotes anti-PD-L1 efficacy in vivo

To determine whether EGFR inhibitors can enhance the HCC response to anti-PD-L1, we generated
subcutaneous GOLM1-overexpressing H22 tumors (H22-GOLM1) in mice. Mice were separated into 4
groups: an isotype antibody group (control group), anti-PD-L1 alone group, GOLM1 inhibitor gefitinib
alone group, and anti-PD-L1 antibody plus gefitinib group. We found that combination anti-PD-L1 and
gefitinib treatment exhibited a significant tumor-inhibiting effect compared with the control and
monotherapy groups without liver and kidney toxicity (Figure 6A-6C and Supplementary Figure 7). To
further investigate the antitumor immune response in vivo, we examined the number of tumor-infiltrating
T cells in the tumor sits. IHC staining results indicated that CD3+ and CD8+ T cell numbers were
increased, and stainings of α-SMA and PD-L1 were decreased in the combination-treated group compared
to monotherapy group (Figure 6D). To explore the impact of EGFR blockade on CD8+T cell activity, the
levels IFN-γ, TNFα and IL-2 were measured. The results presented that these cytokines were all
significantly elevated in the gefitinib combined anti-PD-L1 treatment group (Figure 6E). Whereas, gefitinib
or anti-PD-L1 monotherapy only slightly elevated the levels of these CD8+T activated cytokines (Figure
6E). For further evaluating the effect of GOLM1 on Th1/Th2 cytokine profiles, we determined the Th2
cytokine (IL-10 and IL-4) levels. ELISAs revealed that the Th1/Th2 cytokine ratio was remarkably
increased in the anti-PD-L1 and gefitinib combination treatment group compared with each monotherapy
group. These results suggested the potential to enhance treatment efficacy via suppressing EGFR and
PD-1/PD-L1 signaling in GOLM1high tumours.

Discussion
Therapies targeting PD-1 and PD-L1, well-known immune checkpoint molecules, have achieved
remarkable clinical responses in multiple types of cancers, including HCC [20–22]. Unfortunately, like
patients with other solid tumors, only a subset of HCC patients show durable responses, emphasizing the
urgent needs to identify appropriate biomarkers for selecting patients for treatment and develop an
effective strategy for nonresponders[23]. Biomarkers that can predict ICI responses include immune
checkpoint ligands expression (such as PD-L1), the mutational burden, and TILs. However, these markers
are still insufficient for effectively identifying patients likely to benefit from ICIs [24–28].



Page 11/24

Liver cirrhosis, a biological program associated with qualitative and quantitative changes in ECM
deposits, is considered a risk factor for chronic liver disease progression and a prognostic marker in liver
cancer patients [29, 30]. Emerging evidence suggests that ECM cytoskeletal remodeling, structural
plasticity and mechanical forces play crucial roles in immune cell trafficking, activation, and the
formation of immunological synapses. ECM density and basement membrane makeup are controlled by
stromal matrix components and determine immune cell migration and spatial distribution patterns [11,
31, 32]. We demonstrated that FIB-4, a noninvasive liver fibrosis biomarker, was significantly negatively
correlated with CD8 + TILs. Since FIB-4 can reliably be assessed via routine laboratory tests, it has great
clinical applicability in assess the hepatic fibrosis degree. We suggest FIB-4 as a new biomarker to select
HCC patients for immune checkpoint blockade and other immunotherapies.

Additionally, the results presented here illuminate how liver cirrhosis regulates immunosuppression in the
TME. Bioinformatic analysis showed that patients with a “liver cirrhosis” phenotype were associated with
elevations in the levels of multiple immune checkpoint molecules. Consistent with the gene analysis
results, IHC staining of human and murine tissue samples confirmed that immune checkpoint expression
levels were increased mainly in cirrhotic tissue and remained constant or decreased from cirrhosis to
HCC. This indicates that cirrhosis is largely to blame for the "alarming" rise in immune checkpoint
expression levels, and immune escape plays a potential role in HCC initiation and progression for patient
with liver cirrhosis. Liver cirrhosis might accelerate hepatocarcinogenesis not only by directly
reprogramming cancer cells but also by reprogramming the immune response in the local TME.

The molecular mechanisms underlying the association between liver cirrhosis and tumor
immunosuppression require further study. By using integrated gene expression analysis of liver fibrosis
datasets, we demonstrated that GOLM1 expression levels were significantly increased in the fibrotic liver
compared to the normal liver. GOLM1 has been reported as a useful marker for liver fibrosis grading, we
herein consider GOLM1 as the major cause of immunosuppression in cirrhotic patients.

Inhibition of GOLM1 reduced tumor growth more obviously in BALB/c mice, which are
immunocompetent, than in immunodeficient BALB/c-nu/nu mice, indicating that the deletion of GOLM1
suppressed HCC by stimulating antitumor immunity via modulation of CD8+ TILs. In the DEN murine
model of HCC, the numbers of CD8+ T cells were decreased in GOLM1 TG tumors relative to WT tumors.
Moreover, GOLM1 promoted PD-L1 expression in HCC, and analyses of clinical data from those with HCC
further supported a positive relationship among GOLM1, PD-L1 and CD8+ T cell infiltration. Herein, we
showed GOLM1 dependent upregulation of PD-L1 as one possible mechanism whereby HCC with the
“liver cirrhosis” phenotype escapes immune surveillance.

In addition, our findings highlight a new combination treatment strategy for improving immunotherapy.
We showed that EGFR plays an important role in the GOLM1 dependent upregulation of PD-L1
expression. PD-L1 and EGFR inhibitors have been successful as cancer therapies. As monotherapies,
these drugs seem to be insufficient to fully block cancer progression. Consistent with our findings,
targeting EGFR and the PD-1/PD-L1 axis simultaneously improved treatment efficacy in HCC.
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Furthermore, we determined that combined treatment reversed the immunosuppressive status of the HCC
microenvironment and activated an antitumor CD8+ T cell response.

In summary, the current data demonstrate a strong association between liver cirrhosis and immune
evasion. In addition, we identified the GOLM1/EGFR axis as a critical regulatir of the immunosuppressive
nature of the HCC microenvironment with liver cirrhosis. Targeting this pathway has the potential to
remodel the immunosuppressive TIL population and improve immune checkpoint blockade efficacy in
HCC.
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Figures

Figure 1



Page 18/24

The FIB-4 score is correlated with CD8+ T cell infiltration in surgically resected HCC samples. A, B OS and
DFS curves of patients stratified according to the FIB-4 score in peritumoral tissues are shown. The low
FIB-4 score group showed a significantly worse prognosis. C, H&E and Sirius red staining and IHC
staining of sections for α-SMA and CD8+ T cells; were shown. D, Correlation analysis of FIB-4 scores and
numbers of CD8+ T cells in the peritumoral tissues of HCC patients was performed. E-H OS and DFS
analysis were performed on CD8+T cells numbers (E, F) and FIB-4 value (G, H). I-J, Prognostic analysis
combining CD8+ T cells with FIB-4 was performed.

Figure 2
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Liver fibrosis promotes tumor progression by inhibiting the immune system.
A, IHC staining of liver
fibrosis markers (α-SMA and Sirius red) and immune checkpoint molecules (PD-L1, IDO-1, TIM-3, TIM-3,
CTLA-4, LAG-3, PD-1) on HCC tissue microarray were shown. B, IHC images of immune checkpoint
molecules expressed in the CCl4-induced liver fibrosis mouse model were shown.

Figure 3
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GOLM1 overexpression suppresses CD8+ T cell infiltration, induces HCC PD-L1 expression, and results in
altered inflammatory and immune profiels in mice experiencing DEN/CCl4-induced hepatocarcinogenesis
in male WT mice (n=6) and male GOLM1 TG mice (n=6). A, Representative images of the mouse livers at
8, 10, and 12 months were shown. B-D, Size of tumor in livers were evaluated by calculating the liver
weights to body weights ratio (B), counting the incidence of tumor (C) and measuring the diameter of the
tumor (D). E-F, Immune cells, including CD4+T cells, CD8+ T cells, Tregs, NK cells, B lymphocytes and
TAMs in liver tumor tissues (E) and PBMCs (F) were detected by flow cytometry. Left: representative flow
plots indicating the proportions of CD8+ T cells and TAMs. Right: comprehensive results of the
percentage of immune cells. G, Representative images of CD8, α-SMA and PD-L1 immunostaining of liver
tumor tissue sections from WT and GOLM1 TG mice were shown. H, The mRNA levels of indicated
immune checkpoint molecular genes were determined by qPCR assay. N=6/group, Data are means ± SD;
*P<0.05, for GOLM1 TG mice vs WT mice.
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Figure 4

GOLM1 promotes tumor growth by regulating TILs in vivo. Subcutaneous tumors formed with H22-
shcontrol cells or GOLM1 koncking down H22-shGOLM1 cells in BALB/c-nu/nu mice and BALB/c mice. A,
Image of tumors in each experimental group was shown. B-C, Tumor weights were analyzed. D-E, Tumor
volumes of each mouse were quantified every second day and the tumor growth curves were drew. F,
Relative progression of tumor growth was calculated in the BALB/c-nu/nu mice and BALB/c mice. G, IHC
staining for CD3, CD8, α-SMA, and PD-L1 in tumor tissues from BALB/c mice (n=5/group). Data are
means ± SD; *P<0.05 vs. control.
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Figure 5

EGFR blockade reverses the GOLM1 -induced PD-L1 upregulation in HCC. A-F, GOLM1 overexpression in
Huh7 cells facilitates PD-L1 expression (A-C), and GOLM1 knockdown in HCCLM3 cells prevents PD-L1
expression (D-F). (A, D) Confocal images, (B, E) western blot results and (C, F) flow cytometry results are
shown. G-I, The GOLM1 -induced inhibition of CTL activity was mediated by PD-L1. G, GOLM1
overexpression in Hep3B cells inhibited CTL cytotoxicity. H, Knocking down GOLM1 expression in
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HCCLM3 cells enhanced CTL cytotoxicity. I, Pretreatment of GOLM1 -overexpressing Hep3B cells with an
anti-PD-L1 antibody reversed CTL activity. J-K, Hep3B-GOLM1 cells were treated with gefitinib (10μM) or
isotype IgG for 48 h, then the cells were harvest for flow cytometric analysis and western blotting. The
results showed that blocking EGFR in HCC cells inhibited GOLM1-mediated activation of the
MAPK/STAT3/PD-L1 signaling pathway. L, IHC staining for EGFR in CCl4/DEN-induced HCC tissue
sections showed that EGFR levels were increased in GOLM1 TG mice.

Figure 6
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Combination therapy with an EGFR inhibitor and anti-PD-L1 antibody increases intratumoral T cell
activation. A, Representative image of the tumors from each group was shown. B-C, The tumor weight of
each group (B) and the tumor growth curves (C) were indicated. D, IHC stainings of CD3, CD8, α-SMA and
PD-L1 were conducted. IHC images of CD3 and CD8 staining (left) and relative quantitative analysis
(right) indicated that the infiltrations of CD3+ and CD8+ cells was significantly increased in the anti-PD-L1
antibody and gefitinib combination treatment group. F, The cytokines representing T cell activation,
including Th1 cytokines (IFN-γ, TNF-α, IL-2) and Th2 cytokines (IL-4 and IL-10), in each group were
analyzed by ELISA.
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