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Background: Macrophage receptor with collagenous structure (MARCO) reportedly plays a crucial role in the occurrence and
development of several cancers. However, the association between MARCO and the prognosis of hepatocellular carcinoma (HCC)
post-liver transplantation remains poorly elucidated.

Methods: We examined MARCO expression at mRNA and protein level in 145 HCC samples and adjacent nontumor tissues using
quantitative reverse transcription PCR, Western blot and immunohistochemistry. Furthermore, we analyzed the correlation of MARCO
expression with clinicopathologic features and prognosis.

Results: We assessed the association between MARCO expression and clinicopathologic features and used the Cox proportional
hazards regression model to explore the association between MARCO expression and clinical prognosis of patients with HCC post-
liver transplantation. We observed that the expression of MARCO at mRNA and protein level in adjacent nontumor tissues was higher
than that in the HCC tissues. Low MARCO expression in HCC tissues was correlated with higher alpha-fetoprotein levels, higher
incidence of microvascular invasion, and a higher number of patients beyond Milan criteria. Kaplan—-Meier survival curves showed
that patients with HCC with low MARCO expression exhibited poor overall survival (OS) and disease-free survival (DFS). Univariate
and multivariate analysis revealed that MARCO expression was an independent prognostic factor for OS (hazard ratio [HR] 2.696,
95% confidence interval [CI] 1.335-5.444, P=0.006) and DFS (HR 2.867, 95% CI 1.665-4.936, P<0.001) in patients with HCC post-
liver transplantation. Based on immunofluorescence analysis, MARCO expression was primarily localized to macrophages and might
be associated with M2-like macrophage polarization during HCC.

Conclusion: MARCO expression was downregulated in HCC and associated with poor prognosis of patients with HCC post-liver
transplantation. Moreover, it could be a potential prognostic marker and therapeutic target in post-liver transplantation HCC.
Keywords: MARCO, hepatocellular carcinoma, liver transplantation, prognosis

Introduction

Hepatocellular carcinoma (HCC) is one of the malignant tumors with a growing incidence and is reportedly the
third highest cause of cancer-related mortality worldwide.! Primary therapeutic strategies for HCC include tumor
resection, radiofrequency ablation or transcatheter arterial chemoembolization (TACE), and liver transplantation.’
Liver transplantation is the most effective treatment strategy for early-stage HCC.>* However, given the limited
availability of organ donors, physicians need to appropriately select patients with considerable survival benefits
post-liver transplantation and optimally utilize a scarce source of liver grafts. Several criteria have been
established to help select patients most likely to benefit from an LT, including the Milan criteria (the diameter
of a single tumor was less than 5 ¢cm, and the maximum diameter of multiple tumors was less than 3 cm). Despite
careful selection, the incidence of HCC recurrence after liver transplantation (LT) is estimated to range between 8
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and 18%,’ and only 75% of patients achieve the 5-year disease-free survival (DFS) of HCC post-LT.® Therefore, it
is critical to comprehensively elucidate molecular mechanisms underlying the progression of HCC post-LT and
identify relevant biomarkers for early HCC diagnosis or as HCC treatment targets to improve patient prognosis.

Accumulating evidence suggests that the deficiency of host immunosurveillance against tumor cells plays an important
role in cancer initiation, progression, and metastasis.” Macrophages exert crucial effects during immune defense against tumor
cells.® Macrophage receptor with collagenous structure (MARCO), a class A scavenger receptor, is best characterized in
macrophages. Systemic bacterial sepsis or bacterial lipopolysaccharide were shown to upregulate MARCO expression.”'” In
addition, MARCO is considered to play a crucial role in the formation of dendritic processes and some macrophage-related
immune responses by mediating binding and phagocytosis. A recent study has shown that MARCO expression can enhance
the trafficking and anti-tumor efficacy of tumor lysate-pulsed dendritic cells."' In human breast cancer, MARCO over-
expression was detected in the tumor microenvironment and associated with a poor prognosis.'? However, few studies have
evaluated the expression of MARCO in solid tumor progression, and the association between MARCO and the prognosis of
HCC post-LT has not been comprehensively elucidated.

In the present study, we examined the expression of MARCO and further analyzed its potential value as a prognostic
biomarker in patients with HCC post-LT. We observed that MARCO expression was downregulated during HCC and
associated with patient survival and tumor recurrence post-LT. Our results may provide critical clues for the treatment
and prevention of HCC.

Materials and Methods

Patients and Tissue Samples

We enrolled two independent cohorts of patients with HCC. For cohort 1, we collected 30 fresh HCC samples and
adjacent nontumor tissues from 30 patients who underwent LT between January 2017 and May 2017. For cohort 2,
we collected formalin-fixed, paraffin-embedded HCC tissues from 115 patients with HCC who underwent LT at
the same hospital from January 2014 to December 2016 and were followed until June 2018. The study procedure
was approved by the research ethics committee of the First Affiliated Hospital, Sun Yat-sen University. All organs
were donated voluntarily with written informed consent, and this study was conducted in accordance with the
Declaration of Istanbul. Table 1 presents the clinicopathologic variables of patients.

Immunohistochemistry (IHC)

After deparaffinization with dimethylbenzene, tissue sections were sequentially rehydrated using graded alcohol.
Antigen retrieval was achieved by boiling sections in citrate—disodium hydrogen phosphate buffer (pH 6.0) under
high pressure for 5 min. Endogenous peroxidase was inactivated by incubating with 0.3% hydrogen peroxide for
30 min. Subsequently, slides were overnight incubated with primary antibodies (diluted 1:100) against MARCO
(Abcam, MA, USA) at 4°C. Sections were incubated in biotinylated secondary antibody and streptavidin
peroxidase (Invitrogen, NE, USA) and then developed with 3,3'-diaminobenzidine solution (Genetech,
Shanghai, China) before counter-staining with hematoxylin. The intensity and extent of MARCO immunostaining
were evaluated for all samples under double-blinded conditions. The percentage of positive staining was scored as
0 (0-9%), 1 (10-25%), 2 (26-50%), 3 (51-75%), or 4 (76—-100%), with the intensity scored as 0 (no staining), 1
(weak staining), 2 (moderate staining), or 3 (dark staining). The total score was calculated as the product of
intensity and extent, ranging from 0 to 12. A total score of <6 was defined as low MARCO expression, while >6
was defined as high MARCO expression. Two pathologists independently assessed the specimens. Images were
obtained using an Olympus BX63 microscope (Olympus, Tokyo, Japan).

RNA Extraction and Quantitative Reverse Transcription-Polymerase Chain Reaction
(gRT-PCR)

For cohort 1, the total RNA of 30 fresh HCC samples and adjacent nontumor tissues was prepared using Trizol reagent
(Invitrogen, Karlsruhe, Germany) following the manufacturer’s instructions. qRT-PCR was performed using the SYBR
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Table | Relationship Between the Expression of MARCO and Clinicopathological Characteristics

Category Subcategory Cases MARCO Expression P-value
Low (n=33) High (n=82)

Gender Male 103 28 75 0.294
Female 12 5 7

Age (years) <50 47 15 32 0.526
=50 68 18 50

HBsAg Positive 104 32 72 0.131
Negative Il | 10

Child-pugh stage A 22 5 17 0.512
B 69 19 50
Cc 24 9 15

Preoperative tumor Yes 78 21 57 0.542
therapy No 37 12 25

AFP (ng/mL) <400 73 | 72 <0.001
2400 42 32 10

Size of largest tumor <3 31 8 23 0.734
(cm)t 23 76 22 54

Tumor number <3 8l 20 6l 0.143
23 34 13 21

Edmonson Grading -l 79 23 56 0.883
n-v 36 10 26

Microvascular invasion Yes 16 8 8 0.042
No 99 25 74

Milan criteria Within 56 7 49 0.001
Beyond 59 26 33

Notes: 1 Specific information about tumor size was found in only 107 patients’ pathologic reports after surgery. The bold font represents P values less
than 0.05, that is, statistically significant.
Abbreviations: MARCO, macrophage receptor with collagenous structure; HBsAg, hepatitis B surface antigen; AFP, alpha fetoprotein.

green detection system RT-PCR system (Takara, Dalian, China). All experiments were performed in quadruplicate.
MARCO primer sequences used were as follows:
Forward primer: 5-CTGGTGGTCCAAGTTCTGAATCT-3' Reverse primer: 5'-TCAGCCGCCAGAGTGTCA-3';

Western Blot Analysis

The antibodies used were as follows: rabbit-anti-human MARCO (Abcam, MA, USA) as primary antibody and
anti-rabbit-IgG (H+L) (CST, MA, US) as secondary antibody.Western blot analyses were performed as below. In
brief, total protein was isolated from tissue samples using RIPA buffer (CST, MA, US) with PMSF (GenStar,
Beijing, China) and phosphatase inhibitor tablets (CWBIO, Jiangsu, China) and quantified using a Pierce BCA
Protein Assay Kit (KeyGEN BioTECH, Jiangsu, China). The total protein samples were loaded and separated on
SDS-PAGE gels and transferred to PVDF membranes (Roche, Basel, Switzerland). The membranes were blocked
with 5% skim milk and incubated with the indicated primary antibodies overnight at 4°C, which was followed by
incubation with the corresponding secondary antibodies for 2 h at room temperature. Signals were visualized by
Immobilon Western HRP Substrate (Millipore, MA, USA) and captured by a ChemiDocTM Touch Imaging
System (Bio-Rad, MA, USA). GAPDH was used as a loading control.

Immunofluorescence Analysis
For immunofluorescence analysis, primary antibodies were incubated overnight at 4°C, followed by staining of

secondary antibodies for 1 h at room temperature. The antibodies used were as follows: rabbit-anti-human
MARCO (Abcam, MA, USA) and mouse-anti-human CD68 (Abcam, MA, USA), or rabbit anti-human MARCO
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and monoclonal mouse anti-human CD163 (Abcam, MA, USA), the secondary goat-anti-rabbit IgG and goat anti-
mouse IgG. All slides were stained with DAPI (Santa Cruz Biotechnology, Dallas, USA) for 1 min and mounted
with Prolong Diamond mounting medium (Invitrogen, NE, USA). Images were obtained using a confocal micro-
scope and analyzed using Imagel software (National Institutes of Health, MD, USA).

Statistical Analysis

Data analyses were performed using SPSS version 23.0 statistical software (SPSS, IL, USA). MARCO expression
in HCC tissues was divided into high or low by the median immunostaining score for further analysis. The y2 test
was used to analyze the association between MARCO expression and the clinicopathological parameters.
Furthermore, we assessed the impact of various prognostic factors on overall survival (OS) and DFS of patients
with HCC post-LT using Cox regression and Kaplan—Meier analyses. A p-value<0.05 was considered statistically
significant.

Results
Downregulation of MARCO Expression in HCC Tissues

To examine the expression and significance of MARCO in HCC tissues, we first detected the expression of
MARCO at mRNA and protein level in 30 fresh HCC specimens and adjacent nontumor tissues using qRT-PCR
(Figure 1A) and Western blot (Figure 1B). Compared with matched adjacent nontumor tissues, expression of
MARCO was significantly reduced at mRNA (P<0.0001) and protein level in HCC tissues.

Correlation of MARCO Expression with Clinicopathologic Features

To further confirm the qRT-PCR results, we performed an IHC analysis of MARCO protein expression in 115
paired HCC and matched nontumor tissue samples. We found that MARCO was highly expressed in adjacent
nontumor tissues, whereas HCC tissues showed low levels of MARCO expression (Figure 2). Subsequently, we
sorted HCC samples into high and low MARCO expression groups to estimate the relationship between MARCO
expression and clinicopathologic variables. The MARCO immunostaining signals revealed that 82 (71.3%) of 115
patients with HCC exhibited high MARCO expression, while 33 (28.7%) patients showed low expression levels.
Low MARCO expression in HCC tissues was correlated with a higher alpha-fetoprotein (AFP) level (P<0.001),
higher incidence of microvascular invasion (P=0.042) and a higher number of patients beyond Milan criteria
(P=0.001) (Table 1). No statistical correlation was observed between MARCO expression and other clinicopatho-
logical characteristics (Table 1).

Decreased MARCO Expression Predicted Poor Prognosis in Patients with HCC

Post-LT

Kaplan—Meier survival curves revealed that patients with HCC exhibiting low MARCO expression had poor OS
(Figure 3A, P<0.001) and DFS than those with high MARCO expression (Figure 3B, P<0.001). Only 15 of 33
patients (45.5%) in the MARCO low expression group were alive at last follow-up when compared with 65 of 82
(75.6%) in the MARCO high-expression group. To determine whether MARCO has potential as an independent
prognostic factor in patients with HCC post-LT, Cox regression analysis was performed to examine the OS and
DFS. Univariate analysis indicated that MARCO expression (hazard ratio [HR] 3.378, 95% confidence interval
[CI] 1.734-6.581, P<0.001), microvascular invasion (HR 3.192, 95% CI 1.407-7.242, P=0.005), Milan criteria
(HR 2.196, 95% CI 1.083-4.455, P=0.029), AFP (HR 3.438, 95% CI 1.742-6.786, P<0.001) and gender (HR
3.099, 95% CI 1.349-7.116, P=0.008) were associated with OS. Furthermore, multivariate analysis revealed that
MARCO expression (HR 2.696, 95% CI 1.335-5.444, P=0.006), microvascular invasion (HR 2.429, 95% CI
1.034-5.709, P=0.042) and gender (HR 2.854, 95% CI 1.222-6.664, P=0.015) were independent prognostic
factors for OS in patients with HCC post-LT (Table 2). As shown in Table 3, univariate analysis indicated that
MARCO expression (HR 3.276, 95% CI 1.913-5.581, P<0.001), microvascular invasion (HR 3.524, 95% CI
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Figure | MARCO expression in paired HCC and matched nontumor tissues.
Notes: (A) Expression level of MARCO mRNA was examined by qRT-PCR. (B) Expression level of MARCO protein was examined by Western blot. ****p<0.0001.

1.852-6.706, P<0.001), Edmonson Grading (HR 2.220, 95% CI 1.299-3.795, P= 0.004), AFP (HR 3.276, 95% CI
1.912-5.613, P<0.001) and Milan criteria (HR 2.096, 95% CI 1.203-3.652, P=0.009) were associated with DFS.
Furthermore, multivariate analysis demonstrated that MARCO expression (HR 2.867, 95% CI 1.665-4.936,
P<0.001), microvascular invasion (HR 2.765, 95% CI 1.433-5.334, P=0.002), and Edmonson Grading (HR
2.319, 95% CI 1.355-3.968, P=0.002) were independent prognostic factors for DFS in patients with HCC post-
LT (Table 3). Collectively, MARCO expression could serve as an independent prognostic factor in patients with
HCC post-LT.

MARCO Expression Was Primarily Localized to Macrophages and Might Be
Associated with M2-Like Macrophage Polarization in HCC

Immunofluorescence analysis was performed to confirm the expression of MARCO, CD68 and CD163 in HCC tissues
(Figure 4A) and matched adjacent nontumor tissues (Figure 4B). The results suggested that the expression of MARCO
was downregulated in HCC tissues compared with matched adjacent nontumor tissues. And the colocalization of
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Figure 2 IHC analysis of MARCO expression in paired HCC and matched nontumor tissues.
Notes: (A) and (E) Weak staining of MARCO was observed in tumor tissues. (B) and (F) Moderate staining of MARCO was observed in tumor tissues. (C) and (G) Strong

staining of MARCO was observed in tumor tissues. (D) and (H) Strong staining of MARCO was observed in matched nontumor tissue. (original magnification, hematoxylin
and eosin stained, x200 and x400).
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Figure 3 Low MARCO expression is associated with poor prognosis.

Notes: (A) Kaplan—Meier survival curves showing overall survival (OS) among patients with low MARCO expression was significantly less than that among patients with
high MARCO expression. P<0.001 according to the Log rank test. (B) Kaplan-Meier survival curves showing disease-free survival (DFS) among patients with low MARCO
expression was significantly less than that among patients with high MARCO expression. P<0.00| according to the Log rank test.

MARCO and CD68 suggested that MARCO was predominantly expressed by macrophages. We further investigated
whether MARCO can affect macrophage polarization and found CD163+ cells showed lower expression level of

MARCO, suggesting that MARCO expression in HCC tissues might be associated with M2-like macrophage
polarization.

Discussion

In the present study, we, for the first time, report the clinical significance of MARCO expression in patients with HCC
post-LT. We observed that MARCO expression was significantly decreased in HCC tissues when compared with adjacent
nontumor tissues. Low MARCO expression was an independent prognostic factor for OS and DFS in patients with HCC
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Table 2 Univariate and Multivariate Analysis of Risk Factors Associated with OS

Variables Univariate Analysis Multivariate Analysis
HR 95% CI P HR 95% CI P

Gender (male vs female) 3.099 1.349-7.116 0.008 2.854 1.222-6.664 0.015
Age (250y vs <50y) 0.636 0.327-1.234 0.180

HBsAg (positive vs negative) 1.300 0.397-4.263 0.665

Child-pugh stage (B vs A) 0.646 0.251-1.664 0.366

Child-pugh stage (C vs A) 0.968 0.348-2.758 0.979

Preoperative tumor therapy 1.369 0.700-2.677 0.359

Tumor number (23 vs <3) 1.713 0.860-3.415 0.126

AFP (ng/mL) (2400 vs <400) 3.438 1.742-6.786 <0.001 2.229 0.576-8.632 0.246
Tumor size (23cm vs <3cm) 1.226 0.550-2.732 0.619

Edmonson Grading (IlI-IV vs I-lI) 1.510 0.758-3.008 0.241

Microvascular invasion 3.192 1.407-7.242 0.005 2.429 1.034-5.709 0.042
Milan criteria (beyond vs within) 2.196 1.083—4.455 0.029 1.468 0.611-3.527 0.390
MARCO expression (low vs high) 3.378 1.734-6.581 <0.001 2.696 1.335-5.444 0.006

Notes: The bold font represents P values less than 0.05, that is, statistically significant.
Abbreviations: MARCO, macrophage receptor with collagenous structure; HR, hazard ratio; Cl, confidence interval; HBsAg, hepatitis B surface
antigen; OS, overall survival; AFP, alpha fetoprotein.

Table 3 Univariate and Multivariate Analysis of Risk Factors Associated with DFS

Variables Univariate Analysis Multivariate Analysis
HR 95% CI P HR 95% CI P

Sex (male vs female) 1.196 0.863—4.257 0.110

Age (250y vs <50y) 0.653 0.384-1.108 0.114

HBsAg (positive vs negative) 0.869 0.371-2.036 0.869

Child-pugh stage (B vs A) 0.616 0.305-1.247 0.179

Child-pugh stage (C vs A) 0.879 0.394-1.961 0.753

Preoperative tumor therapy 1.224 0.710-2.110 0.467

Tumor number (23 vs <3) 1.695 0.997-2.940 0.061

AFP (ng/mL) (2400 vs <400) 3.276 1.912-5.613 <0.001 1.200 0.351-4.095 0.771
Tumor size (23cm vs <3cm) 1.180 0.625-2.229 0.609

Edmonson Grading (HlI-V vs I-I) 2.220 1.299-3.795 0.004 2319 1.355-3.968 0.002
Microvascular invasion 3.524 1.852-6.706 <0.001 2.765 1.433-5.334 0.002
Milan criteria (beyond vs within) 2.096 1.203-3.652 0.009 1.010 0.467-2.185 0.979
MARCO expression (low vs high) 3.267 1.913-5.581 <0.001 2.867 1.665—4.936 <0.001

Notes: The bold font represents P values less than 0.05, that is, statistically significant.
Abbreviations: MARCO, macrophage receptor with collagenous structure; HR, hazard ratio; Cl, confidence interval; HBsAg, hepatitis B surface
antigen; DFS, disease free survival; AFP, alpha fetoprotein.

post-LT. Based on the immunofluorescent analysis, we confirmed that MARCO expression was primarily localized to
macrophages and might be associated with M2-like macrophage polarization in HCC.

Studies have demonstrated that MARCO plays a crucial role in the occurrence and development of several cancers.
Bergamaschi et al'* have found that MARCO expression levels can be associated with breast cancer survival and the risk
of recurrence. In non-small cell lung cancer, La Fleur L et al'® have reported that MARCO-expressing tumor-associated
macrophages could block cytotoxic T-cell and natural killer-cell activation, inhibiting their proliferation, cytokine
production, and tumor-killing capacity. In addition, MARCO could be a potential therapeutic target for lung cancer.
Therefore, we hypothesized that MARCO could be a valuable biomarker for HCC post-LT. First, we detected MARCO
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A DAPI
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Figure 4 Immunofluorescence analysis of MARCO, CDé63 and CD163 expression in paired HCC (A) and matched nontumor tissues (B).
Notes: CDé68 or CD163 (red), MARCO (green) and DAPI (blue). Immunofluorescence assessment was performed by confocal microscopy (x600). The scales bars indicate 100 pm.

expression in 30 pairs of HCC tissues and adjacent nontumor tissues using qRT-PCR. The results indicated that MARCO
expression levels are lower in HCC tissues than in adjacent nontumor tissues. In addition, we performed IHC to detect
MARCO expression in 115 pairs of HCC samples. We evaluated the relationship between MARCO expression and
clinical characteristics of patients with HCC and found that the MARCO expression level in HCC tissues could be
associated with the AFP level, microvascular invasion, and Milan criteria. Accordingly, these findings suggest that HCC
tumorigenesis could be associated with decreased MARCO expression.

Furthermore, the post-LT survival of patients with HCC exhibiting low MARCO expression was significantly reduced
when compared with patients with HCC exhibiting high MARCO expression. Kaplan—-Meier analyses revealed that
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patients with low MARCO expression exhibited poorer OS and DFS than those with high MARCO expression. In
addition, univariate and multivariate analyses revealed that MARCO expression was an independent prognostic factor for
OS and DFS in patients with HCC post-LT. Collectively, these results suggest that MARCO expression could be
a potential prognostic indicator of HCC prognosis.

Kupffer cells are liver-resident macrophages associated with proinflammatory reactions, ischemia-reperfusion, and
immune reactions.'*'> MARCO is typically expressed on restricted subpopulations of macrophages in peripheral
immune organs.'® We verified that MARCO expression was predominantly localized to Kupffer cells in HCC tissues,
as determined by the colocalization of MARCO and CD68 using immunofluorescence. Macrophages can be sorted into
classically (M1) and alternatively (M2) activated phenotypes based on surface receptors and functional characteristics.'’
Accumulating evidence indicates that intratumoral macrophages exhibit M2 phenotypes and are associated with poor
prognosis in numerous malignancies.'®'? In addition, we observed that MARCO was primarily colocalized in situ with
M2 marker CD163+ cells, indicating that MARCO expression in HCC tissues might be associated with M2-like
macrophage polarization. In mouse melanoma models, treatment with MARCO-targeting antibodies could significantly
suppress melanoma progression and metastasis.’® Herein, we present a novel perspective on a potential treatment
targeting MARCO expression, representing a therapeutic strategy for patients with HCC patients post-LT.

Conclusions

Herein, we report, for the first time, that MARCO expression can be significantly downregulated in HCC, and low
MARCO expression could be associated with poor OS and DFS in patients with HCC post-LT. MARCO could be used as
a valuable biomarker to predict the prognosis of patients with HCC post-LT. In addition, MARCO expression in HCC can
be associated with M2 macrophages, warranting in-depth investigations to determine underlying molecular mechanisms.
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