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Expression of cluster of differentiation 74 in gallbladder carcinoma
and the correlation with epithelial growth factor receptor levels
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Abstract. Cluster of differentiation 74 (CD74), a trans-
membrane glycoprotein, has been previously reported to be
important in the pathogenesis of several cancers, including
hematological malignancies and solid tumors. The present study
analyzed the significance of CD74 in gallbladder carcinomas
(GBCs) and indicated the correlation of CD74 expression with
epithelial growth factor receptor levels. Immunohistochem-
istry (IHC) was used to examine the expression of CD74 in
GBC and normal gallbladder tissues, and western blotting was
used to investigate whether CD74 expression varied in well-,
moderately- and poorly-differentiated tumors. The correlation
between the expression of CD74 and epithelial growth factor
receptor levels was studied using the Spearman's rank correla-
tion coefficient. The results of the IHC analysis revealed that
CD74 was not expressed in the normal gallbladder tissues,
and the mean integrated optical density value of CD74 in the
poorly-differentiated tissues was increased compared with
that in the well- and moderately-differentiated tissues. The
results of the western blotting were consistent with the results
of the IHC. The expression of CD74 was positively correlated
with epithelial growth factor receptor levels (r=0.607; P<0.05).
These results indicate that CD74 may be important in the
progression of GBC.

Introduction

Gallbladder carcinoma (GBC) is a rare disease among the
gastrointestinal cancers; however, GBC is a common malig-
nant tumor in the extrahepatic biliary tract system, accounting
for 80-95% of biliary tract cancers (1,2). The morbidity rate
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of GBC has markedly increased due to the advancing age of
patients, and the increased rate of cholelithiasis and chronic
inflammation (3). As GBC lacks a specific clinical presenta-
tion, the disease is usually diagnosed at the advanced stages,
or is incidentally identified during or following a cholecys-
tectomy (3). Despite the lack of remarkable clinical features,
the unique anatomical features of the gallbladder, including
abundant blood and lymphatic vessels, mean that GBCs easily
invade the surrounding structures, and this is the most common
method of GBC metastasis (4). The prognosis of GBC is poor,
and the 5-year survival rate is extremely low (~16%) (5).

The treatment of GBC includes surgery, chemotherapy and
palliative therapies (6). However, the cause of GBC has not
previously been clear. CD74 molecule (CD74), also known as Ii
or the invariant chain, is a type II transmembrane glycoprotein
that has diverse immunological functions. The basic function
of CD74 is associated with major histocompatibility complex
(MHC) 11, and CD74 is hypothesized to be associated with the
processing of class I MHC molecules on antigen-presenting
cells. In addition to antigen presentation, CD74 has also
been identified as the receptor of macrophage migration
inhibitory factor (MIF), which activates inflammation, and
the expression of CD74 has been reported in numerous human
malignant tumors, including breast, pancreatic and colorectal
cancer (7-10). CD74 is important in carcinogenesis, as it acts
as an accessory signaling molecule for cell proliferation (11).
However, it is unknown whether CD74 is associated with
the occurrence and development of GBC. The present study
investigated the expression of CD74 in GBC tissues in order
to elucidate the availability of CD74 as a novel biomarker for
GBC. The associations between the level of CD74 expression
the clinicopathological parameters, and epithelial growth
factor receptor (EGFR), a known participant in numerous
malignant diseases, were analyzed. CD74 was indicated to
potentially be a core factor in the progression of GBC.

Materials and methods

Patients. A total of 54 patients who were diagnosed histopath-
ologically with GBC underwent tumor resection at the Renmin
Hospital of Wuhan University (Wuhan, China) between
July 2009 and July 2013. The mean age of the patients was
61.2 years old and none of the patients received pre-operative
or intraoperative chemotherapy or radiotherapy. The GBC
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tissues were divided into two groups; one of which was used
to create paraffin-embedded tissue sections and the other of
which was placed in liquid nitrogen for western blot analysis.
The clinicopathological data of the patients were collected
in order to analyze the association between the expression
levels of CD74 and the clinicopathological data. All experi-
ments using human tissues were reviewed and approved by
the Committee for Ethical Reviews of Research involving
Human Subjects of Remin Hospital of Wuhan University, and
performed according to the Declaration of Helsinki.

Immunohistochemistry (IHC). The paraffin-embedded tissues
were cut into 3-um thick tissue sections. To examine the
expression of CD74 and EGFR, immunohistochemical anal-
ysis was performed using a standard streptavidin-peroxidase
staining method. Briefly, the sections were deparaffinized and
dehydrated using a graded series of ethanol solutions. The
microscope slides were immersed in 10 mM citrate buffer
(pH 6.0; catalog no., G1202; Wuhan Goodbio Biotechnology
Co., Ltd., Wuhan, China) and boiled for 5 min at 121°C in
the pressure cooker (Supor YS20ED; Supor, Hangzhou,
China) for the antigen retrieval. The slides were allowed to
cool at room temperature. Hydrogen peroxide (0.3%; catalog
no., H44023919; Guangdong Heng Jian Pharmaceutical
Co., Ltd., Jiangmen, China) was used to halt the endog-
enous peroxidase activity for 15 min at room temperature.
Non-specific binding was blocked using goat serum (5%;
catalog no., C0265; Beyotime Institute of Biotechnology,
Haimen, China) for 10 min. The primary antibodies used
were a mouse anti-human anti-CD74 monoclonal antibody
(dilution, 1:150; catalog no., ab9514; Abcam, Cambridge, UK)
and a rabbit anti-human anti-EGFR monoclonal antibody
(dilution, 1:100; catalog no., ZA0505; ZSGB-BIO, Beijing,
China). Sections were incubated with the primary antibodies
overnight at 4°C, and then incubated with secondary anti-
bodies from the UltraSensitiveTM SP (Mouse/Rabbit) IHC
kit (catalog no., SP-9000, ZSGB-Bio). The staining results
were visualized using 3,5-diaminobenzidine (DAB; catalog
no., G1211; Wuhan Goodbio Biotechnology Co., Ltd.). For
each immunohistochemical analysis, phosphate-buffered
saline (PBS) was used instead of the primary antibody for the
negative control.

Evaluation of the immunohistochemical findings. Two inde-
pendent observers with IHC experience blindly evaluated the
results. The BX53 upright microscope (Olympus Corporation,
Tokyo, Japan) was used to capture images of the immunohisto-
chemical staining results. Image-Pro Plus version 6.0 software
(Media Cybernetics, Inc., Rockville, MD, USA) was used to
judge the area and density of the dyed region, and the integrated
optical density (IOD) value of the IHC section. According
to the staining intensity, the results of IHC were assigned a
score as follows: No dye, 0; pale yellow dye, 1; yellow dye, 2;
and brown dye, 3. The percentage of tumor cells was deter-
mined by taking an average score of at least 5 regions under
x200 magnification. The mean percentage was then divided
into four scored categories: <5% tumor cells, 0; 5-25% tumor
cells, 1; 26-50% tumor cells, 2; and 51-100% tumor cells, 3.
Finally the score for staining intensity and the tumor cell
percentage were added together as follows: An overall score
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between 0-2 was defined as negative expression; and an overall
score between 3-6 was defined as positive expression (12).

Western blot analysis. The fresh GBC tissues were homoge-
nized in ice-cold lysis buffer (Wuhan Goodbio Biotechnology
Co., Ltd.) in the presence of protease inhibitor cocktail (catalog
no., G2006; Wuhan Goodbio Biotechnology Co., Ltd.). The
concentrations of protein in the samples were determined using
the Bradford method (13) with bovine serum albumin (Wuhan
Goodbio Biotechnology Co., Ltd.) as a standard. In brief, equal
amounts of protein sample were separated on 10% sodium
dodecyl sulfate polyacrylamide gels and then transferred to
a polyvinylidene difluoride membrane. The membrane was
blocked with 5% skimmed milk in TBST (Tris-buffered saline
containing 0.1% Tween-20) at room temperature for 2 h and
then incubated with the rabbit anti-human anti-CD74 poly-
clonal antibody (1:1,000; Abcam) 4°C overnight. Subsequent
to extensive rinsing with TBST (3 washes for 10 min each),
the blots were incubated with IRDye 800CW goat anti-rabbit
polyclonal secondary antibody (dilution, 1:10,000; catalog
no., 926-32211; LI-COR Biosciences, Lincoln, NE, USA) at
room temperature for 1.5 h, and then the expression of CD74
was detected using the Odyssey CLx infrared imaging system
(LI-COR Biosciences).

Statistical analysis. Data were analyzed with SPSS statistical
software version 19.0 (IBM SPSS, Armonk, NY, USA). The
¥ test was used to assess the association between the expres-
sion of CD74 and the clinicopathological characters. The
correlation between CD74 and EGFR was evaluated using the
Spearman's rank correlation coefficient. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Immunostaining in normal and cancerous tissues, as
determined by IHC. The positive expression of CD74 was
indicated by yellow or brown staining in the cytoplasm. In
the normal gallbladder tissues, the expression of CD74 was
absent. In the GBC tissues, CD74 was more strongly stained
in the poorly-differentiated carcinoma compared with the
well-differentiated tissues (Fig. 1).

Expression of CD74 in GBC tissues, as determined by western
blot analysis. The expression of CD74 was detected in tissue
samples taken immediately following resection of GBC
tumors, and the western blotting results revealed that in the
poorly-differentiated GBC tissues, CD74 was upregulated
compared with the moderately- and well-differentiated GBC
tissues. The outcome of the western blot analysis was consis-
tent with the immunohistochemical findings (Fig. 2).

Correlation between CD74 expression and clinicopathological
characteristics. The correlation between CD74 expression
and the clinicopathological characteristics of GBC are shown
in Table I (14). In the GBC tissues, the poorly-differentiated
carcinomas exhibited increased CD74(+) expression compared
with the well- and moderately-differentiated carcinomas, the
tumor-node-metastasis (TNM) stage II-IV tissues exhibited
increased CD74(+) expression compared with the TNM
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Table I. Correlation between CD74 expression and the clinicopathological characteristics of gallbladder carcinoma.
CD74 expression, n
Clinical features No. of patients (n=54) + - x? value P-value
Gender 0.087 0.768
Male 17 12 5
Female 37 23 14
Age, years 0.055 0.814
<61 23 14 9
>61 31 21 10
Differentiation 8.277 0.016
Well 8 2 6
Moderate 28 18 10
Poor 18 15 3
Depth of tumor infiltration 8.406 0.004
Tis-T, 24 10 14
T,-T, 30 25 5
Lymph-node metastasis 0.549 0.459
No 29 17 11
Yes 25 12 13
TNM stage 4.853 0.028
0-1 5 1 4
I-1v 49 34 15

CD74, cluster of differentiation; TNM, tumor-node-metastasis; Tjs, carcinoma in situ.

Figure 1. Expression of cluster of differentiation 74 in normal gallbladder and GBC tissues (strepavidin-peroxidase; magnification, x200; scale bar, 100 gm.).
(A) Negative control; (B) normal gallbladder tissue; (C) well-differentiated type of GBC; (D) moderately-differentiated type of GBC; (E) poorly-differentiated
type of GBC; and (F) positive control (colon carcinoma). GBC, gallbladder carcinoma.

stage 0-11 tissues, and the group of tissues with increased depth
of tumor infiltration, T5-T,, exhibited increased CD74(+) expres-
sion compared with the T,-T, group. There were no significant
differences in the expression of CD74 for certain clinical

features, including gender, age and lymph node metastasis.

Correlation between CD74 expression and EGFR expression
in GBC. The expression and IOD values of EGFR were exam-
ined in the GBC tissues. EGFR expression in GBC tissues may
be observed in Fig. 3. The IOD values of EGFR are presented
in Fig. 4A. Using the Spearman's rank correlation coefficient,
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Figure 2. Western blotting to detect the expression of CD74 in GBC. P, poorly-differentiated GBC; M, moderately-differentiated GBC; W, well-differentiated

GBC; CD74, cluster of differentiation 74; GBC, gallbladder carcinoma.

Figure 3. Expression of epithelial growth factor receptor in gallbladder carcinoma. (A) Low expression and (B) high expression (strepavidin-peroxidase;

magnification, x200; scale bar, 100 pm.).
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Figure 4. Mean IOD value of CD74 and its correlation to EGFR. (A) Mean IDO value of various gallbladder carcinoma tissues. “P<0.05, poorly vs. well;
°P<0.05, poorly vs. moderate. (B) Correlation of the mean 10D of CD74 and EGFR, as determined by Spearman's rank correlation coefficient (r=0.607;
P<0.05). IOD, integrated optical density; CD74, cluster of differentiation 74; EGFR, epithelial growth factor receptor; poorly, poorly-differentiated; well,

well-differentiated; moderate, moderately-differentiated.

the IOD values of CD74 were shown to be positively corre-
lated with the levels of EGFR (Fig. 4B). The tissue sections
that exhibited the expression of CD74 strongly tended to be
associated with the increased expression of EGFR.

Discussion

GBC is the seventh most common cancer of the digestive
system (15). The early diagnosis of GBC occurs infrequently
due to the lack of specific clinical characteristics associated
with the disease, and as GBC is challenging to distinguish
from common digestive tract diseases, including cholelithiasis
and chronic cholecystitis. Therefore, the majority of GBC
patients are in the advanced stages of the disease by the time
they arrive at hospital for treatment. The advanced stages of
GBC are associated with a poor prognosis and high mortality
rate; the mean survival rate of patients with advanced GBC is
~6 months and the 5-year survival rate is <32% (7,16). There-
fore, finding a novel tumor biomarker that may be used for
the early diagnosis of GBC may have a positive effect on the

5-year survival rate of GBC. Numerous clinical studies have
suggested that CD74 is important in the pathogenesis of hema-
tological malignancies and various solid carcinomas (17). The
present study reported the expression of CD74 and EGFR in
GBC by immunohistochemical staining, and used Spearman's
rank correlation coefficient in order to study the association
between the expression of CD74 and EGFR in GBC. The
results revealed that CD74 was overexpressed in the GBC
tissues, and that the mean staining intensity of CD74 in the
poorly-differentiated GBC tissues was increased compared
with that in the well- and moderately-differentiated tissues.
The results of the western blot analysis also showed that the
expression of CD74 was upregulated in the poorly-differen-
tiated GBC tissues. The precise role of CD74 in GBC has not
been previously elucidated. The study by Roche and Cress-
well (18) reported that CD74 is the invariant chain of MHC-II
and a type of transmembrane glycoprotein. CD74 is expressed
at high levels in antigen-presenting cells, including B-cells,
monocytes and macrophages, so it is extremely important in
antigen presentation. D-related (DR)-CD74 complexes have



a suppressive effect on the host immune response, which
results in the promotion of tumor proliferation (19,20). Certain
studies have suggested that the overexpression of CD74 in
malignancies may block endogenous tumor antigen presen-
tation by MHC-II, resulting in immune escape in vivo (21).
In B-cell lymphoma and multiple myeloma, CD74 has been
reported as a novel and promising therapeutic target (22,23). In
non-hematological malignancies, including gastric carcinoma,
renal cancer and non-small cell lung cancer, CD74 has also
been reported as a novel biomarker for its value in predicting
prognoses (24-26).

In the present study, the mean IOD value of CD74 in the
poorly-differentiated GBC tissues was increased compared
with the well- and moderately-differentiated tissues, and the
western blotting results were consistent with this finding.
These results indicated that CD74 may take part in the process
of differentiation in GBC tumor cells. The role of CD74 in
carcinogenesis may be associated with MIF, which is an impor-
tant inflammatory cytokine and has a strong association with
carcinogenesis (27). CD74 is the receptor of MIF, and the MIF
and CD74 ligand/receptor combination may be a key factor
in determining the difference between carcinogenesis and
chronic inflammation. The ligand/receptor combination may
increase the proliferation of epithelial cells through the tumor
protein p53 (p53) pathway (28). p53 is a tumor suppressor, and
when p53 is blocked from the cytomembrane to the nucleus,
the function of the apoptotic pathway is decreased and
proliferation is increased (29). The MIF and CD74 combina-
tion may also increase the proliferation of epithelial cells by
activating EGFR, which has been established as a biomarker
and therapeutic target in various solid tumors and is important
in the proliferation, migration and invasion of tumor cells (30).
The combination may also upregulate the pro-inflammatory
cytokine interleukin-8, which then binds to a receptor on
the surface of the epithelial cell. This novel ligand/receptor
combination may regulate the level of EGFR (31,32). The
present study detected the expression of EGFR and CD74 by
THC within the same section of GBC tissue, and the mean IOD
value of CD74 and EGFR was tested using the Spearman's
rank correlation coefficient. The result revealed that the IHC
staining of CD74 positively correlated with EGFR in the GBC
tissues. The samples that exhibited an increased expression
level of CD74 were associated with an increased expression
level of EGFR.

In conclusion, the THC and western blotting results of CD74
revealed that CD74 was closely associated with the degree of
differentiation in the GBC tissues, and that the correlation
between CD74 and EGFR, as determined by Spearman's rank
correlation coefficient, was positive. As the present study did
not examine the expression of CD74 in GBC at the RNA and
cellular levels, additional studies are required to determine the
precise role of CD74 in GBC. The present results elucidate the
potential role of CD74 as a key participator in the progression
of GBC.
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