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The expression of CD74 and macrophage migration inhibitory 
factor protein is upregulated in hepatitis B virus-related 
hepatocellular carcinoma
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Background: Pro-inflammatory cytokine production, such as CD74 and macrophage migration inhibitory 
factor (MIF) could play an important role in liver cancer following chronic hepatitis B virus (HBV) infection. 
Methods: The level of CD74 was evaluated by using a capture enzyme-linked immunosorbent assay (ELISA) 
kit. The level of MIF protein was determined using Human Magnetic Luminex® Assays on 60 HBV-related 
hepatocellular carcinoma (HCC) patients. The level of HBV copies was determined by using real-time 
polymerase chain reaction (RT-PCR). Furthermore, α-fetoprotein (AFP), alanine aminotransferase (ALT), 
and aspartate aminotransferase (AST) were determined by the cobas 6000 analyzer.
Results: The mean concentration of CD74 was elevated significantly in the tumor tissues (10.24 ng/mg) 
when it was compared with non-tumor tissues (3.86 ng/mg). Meanwhile, the level of MIF was 63.49 ng/mg  
in the tumor tissues, and 45.47 ng/mg in non-tumor samples. We found that elevated CD74 protein 
expression was associated with an elevated serum AFP level and the AST/ALT ratio; however, an elevated 
MIF protein level was associated with a lymph node metastasis, serum AFP level and AST/ALT ratio. Only 
a high level of MIF protein was associated with a short-term survival rate of just months in the HBV-related 
HCC patients. The elevated expression of MIF protein was associated with HBV ≥105 (copies/mL) in liver 
cancer. The elevated level of MIF protein was associated with the elevated level of CD74 protein in HBV-
associated HCC progression. 
Conclusions: These results suggest that the elevated level of CD74 and MIF cytokines could play a 
significant role in HBV-related HCC.
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Introduction

In China, hepatocellular carcinoma (HCC) is one of most 
common cancers with complication of chronic hepatitis, 
especially for the hepatitis B virus (HBV) (1). Increasing 
evidence suggests that chronic HBV infection could result 
in progressive liver disease due to it leading to chronic 
inflammation of hepatocytes. Cirrhosis could result from 
the inflammation of liver tissues based on the environment, 
which can induce a pro-inflammatory cytokine production, 
to contribute to cancer development (2,3).

As a major histocompatibility complex (MHC) class 
II chaperone, CD74 is a type of transmembrane protein, 
which is expressed on the cell surface of antigen-presenting 
cells. In immune cells, CD74 plays the role of a receptor 
for the cytokine, macrophage migration inhibitory factor 
(MIF) (4). MIF is also as a pro-inflammatory cytokine and 
represents an important link between chronic inflammation 
and tumorigenesis (5). As a pleiotropic pro-inflammatory 
cytokine, MIF is expressed by a variety of different cells 
and tissues, such as T-cells, monocytes/macrophages, 
endocrine cells, endothelial cells or epithelial cells, 
participating in inflammatory and immune responses (6). 
High CD74 expression has been detected in tumor cells and 
inflammatory cells in bladder cancer, and was significantly 
associated with older age, high grade, and advanced stages, 
by which it serves as a prognostic factor (7).

MIF promotes tumor growth and metastasis by 
increasing the prevalence of the myeloid-derived suppressor 
cells in the tumor microenvironments (8), and was also 
found to be overexpressed in several other cancers (9). MIF 
promoted tumor aggressiveness via the activation of Akt 
and the inactivation of GSK3β in esophageal squamous cell 
carcinoma (ESCC) (10). A high level of MIF protein was 
detected by immunochemistry tests in tumor cells or in 
tumor-infiltrating lymphocytes, and was demonstrated to 
be an independent factor for the reduced survival months in 
ESCC patients (11).

The overexpression of CD74 on chronic lymphocytic cells 
could act as a transcription regulator involved in immune 
regulation, cell survival and tumor cell maintenance (12).  
MIF has been shown to be associated with promoting 
tumorigenesis by favoring tumor cell proliferation and 
blocking apoptosis. MIF could bind to CD74 and then 
activate the phosphatidylinositol-3-kinase/serine/threonine 
kinase (PI3K/Akt) pathway involved in numerous human 
malignancies (13). MIF also interacts with surface CD74, 

inducing its phosphorylation and the recruitment of CD44, 
leading ultimately to extracellular signal-regulated kinase1/2 
(ERK1/2) phosphorylation (14). 

There is also a growing amount of evidence indicating 
that the MIF-CD74 pathway is involved in carcinogenesis. 
The expressions of MIF and CD74 were found in 95% and 
98% of malignant pleural mesothelioma specimens and the 
elevation of CD74 level was confirmed to be an independent 
prognostic factor (15). The higher levels of serum MIF was 
found in breast cancer patients; meanwhile, MIF and CD74 
were overexpressed in tumor tissues (16). MIF may promote 
angiogenesis and metastasis in HCC by increased vascular 
endothelial growth factor (VEGF) expression, which may 
be helpful for the treatment of HCC (17).

Although the mechanisms remain unclear, the implied 
key characteristics of an inflammation are triggered by 
abnormal microenvironments in the liver which promote 
HCC’s development. To assay the microenvironment 
changes in HBV-related HCC patients, the expression 
levels of inflammatory cytokines CD74 and MIF have been 
quantified in tumors and non-tumor samples. Our aims 
were to explore the role that the CD74-MIF pathway plays 
in the pathophysiology of HBV-related liver malignancies.

Methods

Patients and samples

Sixty HBV-related HCC patients were included in this study 
from October 2010 to September 2017. All the patients 
were recruited from the Changzhou Cancer Hospital 
of Soochow University in China. HCC patients were 
diagnosed according to the criteria set by the European 
Association for the Study of the Liver (EASL). Based on the 
history of HBV infection, biochemical and serological tests, 
etc. hematoxylin and eosin (H&E)-stained slides of tissues 
were re-examined independently by three experienced 
pathologists. The patients who had a history of HBV 
infection for a time frame of >6 months were diagnosed 
with HCC. Blood samples were collected from each patient 
for routine liver function tests. Meanwhile, tumor and non-
tumor liver tissues were obtained after surgical operation. 
The matched non-HCC tissues were obtained from the 
liver >3 cm away from tumors. Patients were from ages 35 
to 78. All of patients gave written informed consent, and 
approval was given by the Ethics Committee of Changzhou 
Cancer Hospital of Soochow University (No. 2016006).
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Laboratory assays

We collected 10 mL blood sample from each patient during 
diagnosis. Serum samples were separated and stored at  
−80 ℃ for the next analysis. Serum alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST) were routinely 
detected in our hospitals by the cobas® series 6000 analyzer 
using commercial kits. Serum HBV DNA was assayed by 
real-time polymerase chain reaction (RT-PCR) using the 
COBAS TaqMan Kit (Roche Diagnostics, Branchburg, NJ, 
USA). Patients with HBV DNA (≥105 copies/mL) were 
considered as active chronic carriers.

Quantification of CD74 protein in tissues

The level of CD74 protein found in the serum was detected 
by the enzyme-linked immunosorbent assay (ELISA) kit 
for “RayBio® Human CD 74 ELISA Kit” (Cat. No. ELH-
CD74, RayBiotech Inc., Peachtree Corners, USA) following 
the manufacturer’s instructions. Tissues samples were lysed 
using the xTractor Buffer (Code No. 635625, Clontech 
Laboratories Inc., Mountain View, USA) for proteins. After 
treatment with lysis, and balance buffers, quantification 
of the protein concentration was done with the TaKaRa 
Bradford Protein Assay Kit (Code No. T9310A, Takara 
Co., Beijing, China). 

Quantification of MIF protein in tissues

The level of MIF protein was determined by using the 
Human Magnetic Luminex® Assays (LXSAHM, R&D 
Systems Inc., Minneapolis, USA) kit according to the 
manufacturer’s instructions. The Magnetic Luminex kit 
was used with the Luminex 200™ flow-based sorting and 
detection platforms by the Luminex MAGPIX® CCD 
Imager. Then, we retrieved the protein level by using 
a standard curve using a five-parameter logistic (5-PL) 
curve-fit.

Statistical analysis

Statistical analysis was performed using SPSS 18.0 (SPSS, 
Inc., Chicago, USA). Student t-test and Chi-square tests 
were applied to evaluate the differences in the categorical 
variables. Univariate analysis included the variables like 
age, smoking, ALT and AST, etc. The correlation analyses 
between CD74 and MIF were performed with a linear 
regression model. Methods for survival data analysis were 

based on the Kaplan-Meier estimates. P value <0.05 and 
two-sided were considered significant.

Results

Overexpression of CD74 and MIF in HBV-related HCC

The CD74 and MIF protein were analyzed and matched 
with HBV-related HCC and non-tumor samples after 
surgical operation. The mean concentration of CD74 was 
elevated significantly in the tumor tissues (10.24 ng/mg; 
95% CI, 7.81–12.67) when it was compared with non-
tumor controls (3.86 ng/mg; 95% CI, 3.09–4.63; P<0.0001, 
Figure 1A,B). The CD74 ratio means the level of CD74 
in tumor/non-tumor; and MIF ratio means the level of 
CD74 in tumor/non-tumor. We found an elevated level 
of CD74 in 44 (73.33%) cases (CD74 ratio ≥1.0), and 
a decreased level of CD74 in 16 (26.67%) cases (CD74 
ratio <1.0). Meanwhile, the level of MIF was 63.49 ng/mg 
(95% CI, 50.89–76.09) in HBV-related HCC tissues, and 
45.47 ng/mg (95% CI, 36.06–54.88) in non-tumor samples 
(P=0.0035) (Figure 1C,D). We found an elevated level of 
MIF in 37 (84.09%) cases (MIF ratio ≥1.0), and a decreased 
level of MIF in 23 (15.91%) cases (MIF ratio <1.0). Thus, 
the levels of CD74 and MIF protein were significantly 
higher in the HBV-related HCC patients.

The correlations of CD74 and MIF protein with 
clinicopathological variables in HBV-related HCC

The associations between clinicopathological variables and 
the level of protein status in 60 HBV-related HCC patients 
are summarized in Table 1. The patients are divided into two 
groups (CD74-high group vs. CD74-low group; MIF-high 
group vs. MIF-low group) based on the concentration ratio 
of tumor/non-tumor (high group, ratio ≥1.0; low group, 
ratio <1.0). Analysis of these data sets indicated that CD74 
protein expression on HBV-related HCC was associated 
with serum α-fetoprotein (AFP) level (P=0.007) and serum 
AST/ALT ratio (P=0.003). Subsequently, we also found that 
the level of MIF protein was associated with a lymph node 
metastasis (P=0.001), serum AFP level (P=0.003) and serum 
AST/ALT ratio (P=0.031). The protein expression of CD74 
and MIF was not significantly associated with the other 
clinicopathological variables in HBV-related HCC patients.

Interestingly, high levels of MIF protein were associated 
with short-term survival months [18 vs. 26 months, log-rank 
P=0.0026, hazard ratio (HR): 3.524, 95% CI, 1.678–7.398, 
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Figure 1 The quantification of CD74 and MIF protein in tissues. (A,B) The quantification of CD74 protein, paired HBV-related HCC and 
non-tumor tissues; (C,D) the quantification of MIF protein, paired HBV-related HCC and non-tumor tissues. Statistical analysis was done 
using the paired t-test. HBV, hepatitis B virus; MIF, migration inhibitory factor; HCC, hepatocellular carcinoma.
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Figure 2A], whereas high levels of CD74 lacked any prognostic 
significance (P=0.7046, Figure 2B) in HBV-related HCC 
patients. These results implied a clinical and prognostic 
relevance of the elevated levels of MIF protein in HCC. 

The level of CD74 and MIF protein with serum AFP in 
HBV-related HCC

The level of Serum AFP has been used as a tumor marker 
for the diagnosis of HCC. There were 42 cases (70.0%) for 
the high level of AFP group (AFP ≥30 µg/L), and 18 cases 
(30.0%) for the low level of AFP group (AFP <30 µg/L). 
The mean concentration of CD74 was elevated significantly 
in the AFP-high group (12.97 ng/mg; 95% CI, 9.93–16.01) 
when it was compared with the AFP-low group (3.86 ng/mg;  

95% CI, 1.88–5.83; P=0.0003, Figure 3A) in the tumor 
tissue samples. But, the mean concentration of CD74 had 
no significant difference in the AFP-high group when it was 
compared with the AFP-low group (P=0.1590, Figure 3B) in 
the non-tumor tissue samples.

Meanwhile, we found the mean concentration of MIF was 
elevated significantly in the AFP-high group (81.97 ng/mg; 
95% CI, 67.28–96.66) when it was compared with the AFP-
low group (20.37 ng/mg; 95% CI, 15.69–25.05; P<0.0001, 
Figure 3C) in tumor tissue samples. Lastly, the mean 
concentration of MIF was also elevated significantly in 
the AFP-high group (52.81 ng/mg; 95% CI, 41.34–64.28) 
when compared with the AFP-low group (28.35 ng/mg;  
95% CI, 13.48–43.21; P=0.0158, Figure 3D) in the non-
tumor tissue samples.
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Table 1 Correlation of clinicopathologic characteristics with CD74 and MIF in HCC

Variable
Total  

(N=60, %) 

CD74 MIF

High group (N=44) Low group (N=16) P value* High group (N=37) Low group (N=23) P value*

Gender

Male 39 (65.00) 29 10 0.807 28 12 0.06

Female 21 (35.00) 15 6 9 11

Age (y)

≥50 44 (73.33) 32 12 0.860 26 18 0.496

<50 16 (26.67) 12 4 11 5

Histological grade

Poorly 40 (66.67) 34 6 0.004 25 15 0.851

Well/moderately 20 (33.33) 10 10 12 8

Liver cirrhosis

Yes 38 (63.33) 26 12 0.258 22 16 0.430

No 22 (36.67) 18 4 15 7

Tobacco

Yes 35 (58.33) 25 10 0.693 25 10 0.066

No 25 (41.67) 19 6 12 13

Alcohol

Yes 33 (55.00) 23 10 0.481 24 9 0.051

No 27 (45.00) 21 6 13 14

Lymph node metastasis

Yes 34 (56.67) 23 11 0.255 27 7 0.001

No 26 (43.33) 21 5 10 16

Tumor number

Single 32 (53.33) 22 10 0.391 22 10 0.228

Multiple 28 (46.67) 22 6 15 13

Serum AFP (µg/L)

≥30 42 (70.00) 35 7 0.007 31 11 0.003

<30 18 (30.00) 9 9 6 12

Serum AST/ALT

≥1.0 34 (56.67) 30 4 0.003 25 9 0.031

<1.0 26 (43.33) 14 12 12 14

*, statistical significance determined by Pearson’s Chi-squared test; high group, the CD74 or MIF ratio ≥1.0; low group, the CD74 or MIF 
ratio <1.0. HCC, hepatocellular carcinoma; MIF, migration inhibitory factor; AFP, α-fetoprotein; AST, aspartate aminotransferase; ALT, 
alanine aminotransferase.
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Figure 3 The level of CD74 and MIF correlated with serum AFP. (A) The level of CD74 was associated with serum AFP in tumor tissues; 
(B) the level of CD74 was not associated with serum AFP in non-tumor tissues; (C) MIF was associated with serum AFP in tumor tissues; (D) 
MIF was associated with serum AFP in non-tumor tissues. Statistical analysis was done using the unpaired t-test. MIF, migration inhibitory 
factor; AFP, α-fetoprotein.

Figure 2 The level of CD74 and MIF correlates with overall HCC survival. (A) The high level of MIF (ratio ≥1.0) was significantly 
correlated with the poor survival rate after surgery in patients; (B) the high level of CD74 (ratio ≥1.0) was not significantly correlated with 
the poor overall survival rate after surgery in patients. The overall survival was done using Kaplan-Meier analysis. MIF, migration inhibitory 
factor; HCC, hepatocellular carcinoma.
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Figure 4 The level of CD74 and MIF associated with serum HBV DNA load. (A,B) The level of CD74 was not associated with high serum 
HBV DNA load in tumor tissues and in non-tumor tissues; (C,D) MIF was associated with high serum HBV DNA load in tumor tissues, but 
not in non-tumor tissues. Statistical analysis was done using the unpaired t-test. HBV, hepatitis B virus; MIF, migration inhibitory factor.
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The level of CD74 and MIF protein with serum HBV in 
HBV-related HCC

Hepatitis B is an important factor for chronic hepatitis, 
cirrhosis and HCC in Asia. HBV replication is associated with 
the severity of disease and cirrhosis. We observed 25 cases  
(41.67%) with a high HBV level (≥105 copies/mL) and  
35 cases (58.33%) with a low HBV level (<105 copies/mL).  
The results indicated that the mean concentration of 
CD74 demonstrated no significant difference between 
the HBV-high cases and HBV-low cases, in both tumor 
tissues or non-tumor tissues (Figure 4A,B). Furthermore, 
there was also no significant difference in both groups for 
MIF protein expression in non-tumor tissues (Figure 4C).  
However, HBV-related HCC cases with HBV-high level 
showed a higher level of MIF protein than the HBV-low 

group in tumor tissues (91.52, 95% CI, 69.68–113.40 vs. 
43.46, 95% CI, 31.75–55.17, P<0.0001, Figure 4D). These 
results suggested that the elevated expression of MIF 
protein was associated with HBV replication in liver cancer.

Elevated MIF is associated with high CD74 in  
HBV-related HCC 

To determine whether MIF is associated with CD74 
protein expression, we defined the level of protein group 
as following: CD74-high, CD74-low; MIF-high, MIF-
low. We found there was not a significant difference 
between MIF-high and MIF-low group cases for CD74 
protein expression, in both tumor tissues or non-tumor 
tissues (P=0.1357, P=0.1244; Figure 5A,B). However, for 
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Figure 5 The association between high level of CD74 and high level of MIF in patients. (A,B) There was no significant difference between 
MIF-high and MIF-low group for CD74 expression in tumor tissues and in non-tumor tissues; (C,D) the MIF expression was significantly 
different between CD74-high and CD74-low group in tumor tissues, but not in non-tumor tissues. Statistical analysis was done using the 
unpaired t-test. MIF, migration inhibitory factor.
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the level of MIF proteins, there was a significant difference 
between CD74-high and CD74-low group cases in tumor 
tissues (P=0.0006, P=0.7485; Figure 5C,D). The mean 
level of MIF in CD74-high group was 76.03 ng/mg, and  
28.99 ng/mg in CD74-low group in tumor tissues.

For next step, we evaluated the levels of CD74 and MIF 
factor in all samples. There was a close correlation between 
CD74 and MIF levels in tumor tissues, in non-tumor 
tissues, and in all tissues (R2 =0.422, P<0.0001, Figure 6A; R2 
=0.412, P<0.0001, Figure 6B; R2 =0.397, P<0.0001, Figure 
6C; respectively). Our data indicated that the elevated 
levels of the MIF protein level were associated with the 
elevated levels of CD74 protein in HBV-associated HCC 
progression.

Discussion

The HBV has been considered an important etiological factor 
during the development of HCC (18). Multiple abnormal 
mechanisms can promote tumor progression due to an HBV 
infection, including gene expression and the cellular signaling 
processes (19). Chronic HBV infection results in a chronic 
inflammation of liver tissues and hepatocytes. Subsequently, 
inflammatory cells are recruited and activated, inducing the 
continued expression of cytokines to affect an inflammatory 
injury. Inflammation triggered by HBV is an important 
contributor to the promotion of fibrosis, cirrhosis, and HCC 
(20). The pro-inflammatory cytokines are released in response 
to an infection and inflammation via pattern recognition 
receptors, which are involved in the classical inflammatory 
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Figure 6 Correlation between CD74 level status and MIF 
expression. (A) Correlation between CD74 and MIF levels in 
tumor tissues; (B) correlation between CD74 and MIF level in 
non-tumor tissues; (C) correlation between CD74 and MIF level in 
all tissues. Statistical analysis was performed with linear regression. 
MIF, migration inhibitory factor.
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A pathway activation to modulate the tumor microenvironment. 
The tumor microenvironment is an indispensable element in 
the neoplastic process of inflammatory cells and the respective 
inducement of cytokine production (21).

A previous study indicated that elevated expression 
of MIF and CD74 could promote cell proliferation 
and it was found in the advanced gastric cancer by 
immunohistochemistry (22). Many studies have provided 
evidence showing that the hepatitis virus plays a role in liver 
tumorigenesis by provoking an inflammatory-mediated liver 
injury. In this study, we discussed the role of inflammation 
cytokines (CD74 and MIF) in HBV-related HCC 
development. We found an elevated level of CD74 and MIF 
protein in the tumor tissues versus the non-tumor tissues. 

AFP is as one of serum biomarkers associated with liver 
cell proliferation related to the pathogenesis of HCC. 
The elevated ALT and AST levels are used as indicators 
of liver cell injury in liver cirrhosis, and also as serum 
markers for acute and chronic hepatocytes cytotoxicity 
(23,24). Preoperative serum AST/ALT ratios and AFP were 
independently associated with an early recurrence of HCC 
after a curative resection (25). AST/ALT ratio has also been 
suggested to act as a fibrosis marker to reflect progressive 
liver functional impairment (26-28). Our results found that 
increased CD74 protein expression was associated with 
serum AFP level and AST/ALT ratio in HBV-related HCC 
patients. The high level of MIF protein was associated 
with lymph node metastasis, serum AFP level and AST/
ALT ratio. The results indicated that the high expression 
of CD74 protein was found in the AFP-high patients 
compared with the AFP-low group in tumor tissues. Yet, 
MIF expression was increased in the AFP-high patients 
for both tumor or non-tumor tissues. Only the high-level 
of MIF protein was associated with short-term survival 
months, but CD74 was lacking in its prognostic significance 
in HBV-related HCC cases. These results imply a clinical 
and prognostic relevance for the elevated levels of the MIF 
protein in HCC, which reflect the status of liver cell injury, 
inflammation, or proliferation in the development of HCC.

The serum HBV DNA level is an important HCC predictor. 
The serum HBV DNA ≥105 copies/mL has been proposed 
as having an active chronic HBV state by the NIH (29). High 
HBV DNA viral load have also been proposed as a factor for 
high-risk chronic hepatitis B patients (30). Our results found 
that there was no significant difference between HBV-high cases 
and HBV-low cases for CD74 protein in the tissue samples. But, 
a higher level of the MIF protein was found in the HBV-high 
level (HBV DNA ≥105 copies/mL) group in their tumor tissue 
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samples, which suggested that MIF protein could by induced 
by high HBV replication in liver cancer. However, these results 
implied that MIF and CD74 could act as a predictor related to 
impaired liver function and the host immunoreactivity to HBV.

The imbalance of pro-inflammatory and anti-inflammatory 
cytokine has been associated with the rate of metastasis and a 
poor clinical significance in the microenvironment of HCC 
patients (3). The ratio of serum CD74/MIF has been correlated 
with serum ALT in relapse patients with autoimmune liver 
diseases (31). There was a close correlation between the CD74 
and MIF levels in both tumor and non-tumor tissues. The 
level of MIF protein in patients with elevated CD74 expression 
was significantly higher than CD74-low group cases in tumor 
tissues. Our data indicated that the elevated level of MIF protein 
level was associated with the elevated level of CD74 protein in 
HBV-associated HCC progression. 

Increased CD74 and MIF protein levels have also been 
found in the patients with autoimmune hepatitis and primary 
biliary cirrhosis versus the healthy controls by ELISA. In one 
study, CD74 was released in hepatic stellate cells and targeted 
MIF signal transduction activity, which may play a role in 
the pathogenesis of autoimmune liver disease (31). Our data 
provided a novel insight into HBV-mediated liver pathogenesis 
by the CD74-MIF pathway in HCC. The quantification of 
serum markers and pro-inflammatory cytokines may be helpful 
for clinical patients. However, various inflammation cytokines 
are changing dynamically during the hepatopathogenic 
progression. It is helpful to provide information related to liver 
fibrosis and cirrhosis to patients based on the MIF and CD74 
measurements in the early stage of HCC. The MIF and CD74 
protein may be risk predictors for immune tolerance and 
immune clearance in the tumor microenvironment promoting 
HCC carcinogenesis and progression.

In sum, HBV may influence MIF expression by 
pro- inf lammatory  cytokines  induced in  a  tumor 
microenvironment. Our data indicated that HBV might 
have increased MIF protein levels. These data points 
suggest a potential role of the CD74-MIF pathway in HBV-
associated HCC. The data may also elucidate how MIF 
can contribute to hepatocarcinogenesis as an abundant 
inflammation cytokine through inducement by the HBV 
virus. However, further studies are needed to fully explore 
exactly how pro-inflammatory cytokines are involved in the 
multiple pathways of HBV-mediated liver pathogenesis.
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