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Abstract: Background: Successive discoveries in recent years suggested CD98 played an extensive and significant 
role due to its high levels in human diseased or normal tissues. The current study concentrated on exploring CD98 
expression in different cancer and its potential application in diverse clinical settings including risk assessment, 
detection and localization as a cancer-associated biomarker. Methods: We evaluated the protein expression levels 
of CD98 in 15 TMAs and 100 samples of histologically confirmed CRC tissues and analyzed the relationships be-
tween their expression levels, clinicopathological parameters and their prognostic significance. Results: On immu-
nohistochemical analysis of 15 TMAs with 713 samples of carcinoma tissues and 260 samples of normal or cancer 
adjacent normal tissues, CD98 was expressed in carcinoma with an overall positivity rate of 74%, which was signifi-
cantly higher than that in adjacent normal or normal tissues (41%, P < 0.0001). In addition, a retrospective study of 
pathological sections of 100 matched pairs of normal and tumor tissues from patients confirmed diagnoses of CRC 
demonstrated CD98 expression had clinicopathological significance, and the differential expression in colorectal 
carcinoma and adjacent normal tissues was also found at the mRNA level (P < 0.001). CD98 expression level signifi-
cantly correlated with tumor size, clinical stage, tumor grading, T factor, N factor, distant metastasis (all P < 0.05). 
Univariate analysis confirmed that tumor size, clinical stage, tumor grading, T factor, N factor, distant metastasis 
and CD98 expression level (all P < 0.05). Cox regression analysis indicated CD98 was an independent prognostic 
factor for OS (HR=0.307, 95% CI=0.168-0.560, P < 0.001) in CRC. Conclusions: CD98 was significantly expressed in 
various cancers and appears to have prognostic significance, suggesting it a possible cancer-associated biomarker 
for pathological diagnosis, prognostic evaluation and targeted therapy of a broad range of cancer types. In addition, 
CD98 expression was positively correlated with poor prognosis and was an independent prognostic factor in colorec-
tal cancer patients. CD98 may be a potential target for improving treatments for CRC.
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Introduction

Cancer biomarkers are used in diverse clinical 
settings including risk assessment, non-inva-
sive screening for early-stage disease, detec-
tion and localization, disease stratification and 
response to therapy, and, for those in remis-
sion, screening for disease recurrence. How- 
ever, successful management of a variety of 
malignant diseases cancer is hampered by lack 
of highly sensitive and specific biomarkers 
especially for cancer detection [1].

Cell surface proteins that are aberrantly ex- 
pressed between normal and cancer cells are 

potentially biomarkers useful for cancer imag-
ing and therapy due to easy accessibility of 
these targets. In addition, molecular targeting 
represents a therapeutic option, which is th- 
ought to have fewer side effects. Therefore, the 
identification of novel cell surface markers is 
sought, which might lead to novel diagnostic 
and therapeutic strategies in cancer. Cell sur-
face proteins are highly relevant to this modern 
era of molecular imaging and target-directed 
therapeutics due to easy accessibility of these 
targets to imaging probes and therapeutic 
agents. Application of membrane proteomics 
will therefore increase the chance of generating 
candidates that are immediately useful targets 
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for molecular imaging and therapeutics. Global 
proteomics of membrane-enriched samples 
from normal versus cancer cells has not been 
reported before [2].

In the World Health Organization (WHO) Europe 
Region, CRC is the first tumor by incidence, with 
471000 new cases each year and a mean mor-
tality rate of 28.2 per 100000 populations [3]. 

Table 1. Summary of the expression of CD98 in different cancer tissues
Cancer CD98 scores Nor./Adj. CD98 scores

Pathology N 0 1 2 3 +(%) N 0 1 2 3 +(%) P
Breast Invasive ductual carcinoma 60 10 16 21 13 83

Medullary carcinoma 9 2 3 3 1 78
Total 69 12 19 24 14 82 4 4 0 0 0 0 0.002

Lung Squamous cell carcinoma 40 14 17 4 5 65
Adenosquamous carcinoma 3 1 1 1 0 67
Mucinous adenocarcinoma 3 2 1 0 0 33
Adenocarcinoma 45 15 16 8 6 67
Bronchioloalveolar carcinoma 4 1 3 0 0 75
Large cell carcinoma 3 2 1 0 0 33
Small cell carcinoma 8 4 3 1 0 50
Atypical carcinoid 4 2 1 1 0 50
Total 110 41 43 15 11 63 29 24 5 0 0 17 < 0.0001

Liver Hepatocellular carcinoma 40 15 16 5 4 62.5 45 26 16 3 0 42 0.049
Ovarian Clear cell carcinoma 4 1 2 1 0 75

Serous papillary adenocarcinoma 52 14 31 6 1 38
Serous adenocarcinoma 18 2 11 5 0 89
Mucinous adenocarcinoma 9 1 5 2 1 89
Metastasis adenocarcinoma 11 0 7 1 3 100
Total 90 17 54 14 5 81 13 10 3 0 0 23 < 0.0001

Gastric Stomach Adenocarcinoma 40 32 8 0 0 20 49 26 15 5 3 46 NS
Kidney Clear cell carcinoma 41 5 25 5 6 88

Granular cell carcinoma 16 5 6 5 0 69
Granular-Clear cell carcinoma 7 0 3 1 3 100
Transitional cell carcinoma 6 1 1 3 1 83
Total 70 11 35 14 10 84 20 12 2 2 4 40 0.01

Pancreas Duct adenocarcinoma 74 23 37 12 2 69
Adenosquamous carcinoma 17 2 10 3 2 88
Total 91 25 47 15 4 73 10 6 1 1 2 40 0.044

Colon Adenocarcinoma 49 4 29 14 12 92
Mucinous Adenocarcinoma 9 2 6 0 1 78
Total 68 6 35 14 13 91 16 12 4 0 0 25 < 0.0001

Brain Astrocytoma 16 3 8 4 1 81
Glioblastoma 39 3 21 8 7 92
Oligoastrocytoma 5 0 2 2 1 100
Oligodendroglioma 8 2 3 2 1 75
Medulloblastoma 3 3 0 0 0 0
Ependymoma 4 2 1 1 0 50
Total 75 13 35 17 10 83 50 21 22 7 0 58 0.002

Lymph node Diffuse B-cell lymphoma 48 11 23 12 2 77
B-cell lymphoma 3 2 1 0 0 33
T-cell lymphoma 9 3 4 1 1 67
Total 60 16 28 13 3 73 24 13 10 1 0 46 0.017

All Total 713 188 320 131 74 74 260 154 78 19 9 41 < 0.0001
Nor./Adj.: Normal tissue or Adjacent tissue; +(%): CD98 positive rate; NS: Not significant.
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According to GLOBOCAN data, 1.36 million new 
cases affecting 17.2 per 100000 population 
(746000 men and 614000 women) are diag-
nosed in the world each year, and 693000 
people (373000 men and 320000 women) die 
from CRC, accounting for a yearly mortality rate 
of 8.4 per 100000 [4]. The growing interest in 
enhancing and spreading colorectal cancer 
(CRC) screening has been stimulating the explo-
ration of novel biomarkers with greater sensi-
tivity and specificity [5]. 

CD98 (CD98) belongs to the solute carrier fam-
ily 3 (amino acid transporter heavy chain), 
member 2 and encodes a cell surface type II 
transmembrane protein existing as the heavy 
chain (CD98hc) of a heterodimer [6]. It cova-
lently links to one of several L-type amino acid 
transporters (light chains, LATs) to form het-
erodimeric neutral amino acid transport sys-
tems, which is found on the cell surface of most 
normal cells. It was first identified on the cell 
surface of T lymphocytes. However, CD98 has 
been shown to be involved in the cellular prolif-
eration, transformation, fusion, adhesion, and 
also in the L-type amino acid transport (LAT) 
system. Previous studies demonstrated that 
CD98 expression is associated with tumor pro-
gression and metastasis in human neoplasms. 
CD98 expression is increased in a variety of 
carcinomas has also been described in human 
melanoma [7], bile duct adenocarcinomas [8], 
non-small cell lung cancer [9], triple negative 
breast cancer [10], esophageal squamous cell 
carcinoma [11], pulmonary neuroendocrine 
tumors [12], tongue cancer [13], renal cell can-
cer [14], biliary tract cancer [15], thymic epithe-
lial tumors [16] and even cancer stem cell [17]. 

Successive discoveries in past 20 years sug-
gested CD98 played an extensive and signifi-
cant role due to its high levels in human dis-
eased or normal tissues. As previously reported 
the expression of CD98 occurs in many can-
cers and is suspected to contribute to tumor 
progression, metastasis, growth and survival. 
In addition, over-expressed CD98 is a potential 
target for therapy of several diseases.

This study planned to explore CD98 expression 
in different cancers with frequent morbidity 
and mortality rates and explore its prognostic 
significance in colorectal cancer patients to 
evaluate CD98 as a cancer-associated bio-
marker. The current study concentrated on its 

potential application in diverse clinical settings 
including risk assessment, detection and local-
ization as a cancer-associated biomarker.

Materials and methods

Ethical standards

This study was approved by the Ethical Com- 
mittee of the Fourth Military Medical University. 
All procedures performed in studies involving 
human participants were in accordance with 
the ethical standards of the institutional and/or 
national research committee and with the 
1964 Helsinki declaration and its later amend-
ments or comparable ethical standards. Infor- 
med consent was not obtained from all individ-
ual participants because this study is retro-
spective and includes patients who already 
died. However, our institute presented the stu- 
dy design officially which provided the chance 
all people check it and reject the participation 
in this study. This procedure was also approved 
by the Ethical Committee of the Fourth Military 
Medical University. This article does not con-
tain any studies with animals performed by any 
of the authors.

Tissue samples

Tissue microarrays (TMAs) were purchased 
from Alenabio Co. Ltd (Xi’an, China), which was 
exclusive agent of US Bioma and China Cybrdi 
Biotechnology Company. The TMAs that used in 
our research are all from US Bioma, which con-
tained ten cancer types, 713 samples of carci-
noma tissues, 260 samples of normal or can-
cer adjacent normal tissues. Among 713 car- 
cinoma samples, 69 specimens were breast 
cancer, comprising 60 invasive ductual carci-
noma and 9 medullary carcinoma. The remain-
ing specimens were 110 lung cancer, 40 liver 
cancer, 90 ovarian cancer, 40 gastric cancer, 
71 kidney cancer, 91 pancreas cancer, 68 co- 
lon cancer, 75 brain cancer and 60 lymphoma 
(Table 1). All tumor tissue samples were gener-
ally classified as 35 pathological types by the 
World Health Organization (WHO) tumor classi-
fication [18].

Clinical samples and patient’s characteristics

Besides this, 100 patients with colorectal can-
cer who underwent curative surgery were 
recruited in Nov. 2008 to Jul. 2012 at the 
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Department of general Surgery, Tangdu Hos- 
pital, Fourth Military Medical University, Xi’an, 
China. Tumor and adjacent normal tissues were 
obtained and stored at -80°C until use. Clinical 
and pathological data were collected and fol-
low-up information was updated at 6-month 
intervals. Each pathological section contained 
a carcinoma sample and an adjacent sample. 
We obtained informed consent from each 
patient and the study was approved by the 
Ethical Committee of the Fourth Military Me- 
dical University. All samples used for research 
purposes have prior written informed consents 
from the participating patients.

polymerase chain reaction (RT-PCR) was per-
formed with the SYBR Premix Ex-Taq II Kit 
(TaKaRa Biotechnology, Japan) using the Mini- 
Opticon system (Bio-Rad, Hercules, CA, USA). 
The PCR reaction was conducted in 20 µl reac-
tion volume, containing 2 µl cDNA sample (250 
ng), 10 µl Master mix (Roche), and 600 nM 
each primer. The conditions were one cycle at 
95°C for 10 min; followed by amplification of 
DNA 42 cycles at 94°C for 15 s, primer anneal-
ing at 60°C for 20 s and 72°C for 20 s. All PCR 
reactions were performed in triplicate. The 
cycle threshold value (CT) was determined as 
the point at which the fluorescence exceeded a 

Table 2. Clinical characteristics of the colorectal can-
cer patient cohort
Age Median (range) 58 (31-88)
Gender Male 49

Female 51
PTM Colon 48

Rectum 52
Tumor size (cm) Median (range) 4.8 (2-15)
Histo. type Adenocarcinoma (1) 71

Mucinous adenocarcinoma (2) 23
Signet-ring cell carcinoma (3) 2
Others (4) 4

Tumor grading Well 17
Moderately 64
Poor 16
Undifferentiated 3

T stage TX 4
T1 12
T2 16
T3 33
T4 35

N stage NX 2
N0 62
N1 24
N2 12

M stage No 30
Yes 70

Clinical stage 0 7
I (Ia, Ib) 20
II 31
III (IIIa, IIIb) 26
IV 16

aUICC 7th edition. PTM: Primary tumor site; Histo. Type: Histopatholo- 
gical type; T stage: Depth of tumor; N stage: Lymph node metastasis; 
M stage: Distant metastasis; WD, well differentiated; MD, moder-
ately differentiated; PD, poorly differentiated; UD= Undifferentiated.

100 patients’ characteristics are listed in 
Table 2. The patient cohort was com-
prised of 49 men and 51 women, with age 
ranging from 31 to 88 years (median, 58 
years).The histological types included 
adenocarcinoma (n=71), mucinous ade-
nocarcinoma (n=23), signet-ring cell carci-
noma (n=2) or other types (n=4) by histo-
pathological examination. Among the 100 
patients, 7, 20, 31, 26, 16 were diagnosed 
with tumors at Clinical stage I (Ia, Ib), II, III 
(IIIa, IIIb) and IV, respectively (Table 2). 
The tumor specimens were histologically 
characterized in accordance to the crite-
ria of World Health Organization (WHO) 
Classification of Tumors of the Digestive 
System. Pathological findings are de- 
scribed according to the guidelines of the 
Union for International Cancer Control 
TNM (tumor-node-metastasis) Classifica- 
tion of Malignant Tumors, 7th edition [18]. 

Real-time quantitative polymerase chain 
reaction and data analysis

Twenty tumor and its paired adjacent tis-
sues were collected and total RNA was 
extracted with Trizol reagents (Invitrogen, 
Carlsbad, CA, USA) and 0.8 µg of each 
was reverse transcribed into cDNA with 
the PrimeScript RT Reagent Kit (TaKaRa 
Biotechnology, Japan). All primers were 
synthesized by Shanghai Sangon Co. (Sa- 
ngon, Shanghai, China) as follows: CD98, 
forward primer 5’-GAGCCGAGAAGAAUG- 
GUCUGGUGAA-3’; reverse primer 5’-UU- 
CACCAGACCAUUCUUCUCGGCUC-3’; GAP- 
DH (control), forward 5’-GCACCGTCAAG- 
GCTGAGAAC-3’, reverse 5’-TGGTGAAGA- 
CGCCAGTGGA-3. Real-time quantitative 
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preset limit as set by the instrument’s software 
(Opticon monitor, ver. 3.1). The relative expres-
sion of CD98 mRNA in each tissue was calcu-
lated by the DCT method (ΔCT=CTCD98-CTGAPDH). 
The amount of CD98 relative to GAPDH mRNA 
was expressed as 2-(ΔΔCT).

Immunofluorescence staining

Tissue samples were performed with deparaf-
finization, antigen retrieval, blocking and then 
incubated with a primary antibody (Proteintech 
Group, Inc., Chicago, IL,USA.; diluted 1:100) fol-

Figure 1. Tissue atlas of CD98. A. The represen-
tative images of CD98 expression in adjacent 
and cancer tissues by immunohistochemistry. 
B. Comparison of CD98 expression in carci-
noma and in corresponding Nor./Adj. For most 
individual organs, the expression of CD98 is 
significantly higher in carcinoma tissues than in 
Nor./Adj. (P < 0.05). Nor./Adj., Normal tissue or 
Adjacent normal tissue.
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lowed with Dylight 488 or Dylight 555 labeled 
secondary antibodies (Life Technologies, Grand 
Island, NY).

Immunohistochemical staining

The expression of CD98 was determined by 
immunohistochemical staining with rabbit poly-
colonal antibody (Proteintech Group, Inc., Chi- 
cago, IL, USA.; 1:3000 dilution). Immunohisto- 
chemistry was performed by the Envision plus 
method. Briefly, after hydrogen peroxide block, 
antigen retrieval and normal goat serum block, 
the sections were incubated with the primary 
antibody CD98 polycolonal antibody at 4°C 
overnight for 16 h. After washing, immunohisto-
chemistry was performed with the Envision 
plus two-step system (Dako, Carpinteria, CA, 
USA). Sections were treated with 3, 3-diamino-
benzidine and counterstained with hematoxylin 
[1]. 

Immunopositivity was independently evaluated 
by three pathologists, who were blinded to clini-
cal data, CD98 expression was evaluated by 
staining intensity and by percentage of positive 
cells. Percentage of CD98-positive cells was 
evaluated semi-quantitatively, and classified 
according to the percentage of malignant cells: 
1 (10% of tumor cells stained), 2 (11-50% sta- 
ined), 3 (51-75% stained) or 4 (> 75% stained)
[19]. Percentage of CD98-positive cells was 
classified differently, in accordance to previous 
reports, as overall staining was lower: 1 (10% of 
tumor cells stained), 2 (11-25% stained), 3 (26-
50% stained) and 4 (> 50% stained) [16]. The 

intensity of CD98 staining was scored sepa-
rately and evaluated as absent (0), weak (1), 
moderate (2) or strong (3) [19].

Statistical analysis

The SPSS 19.0 software package (SPSS Inc., 
Chicago, IL, USA) was used for statistical analy-
sis. The differences in CD98 positive expres-
sion between groups were evaluated by χ2 test 
after weighting of data. The CD98 mRNA level 
between two different groups was determined 
by Student’s t-test analysis. The prognosis was 
evaluated with the Kaplan-Meier method and 
analyzed using the log rank test. Univariate 
analysis Cox proportional hazards models were 
performed for the identification of relevant 
prognostic factors. Multivariate analyses were 
performed using stepwise Cox proportional 
hazards model to estimate hazard ratios (HR) 
with 95% confidence interval (CI). P < 0.05 was 
considered to be significant. Data are given as 
mean ± SD. Overall survival (OS) was deter-
mined as the time from tumor resection to 
death from any cause.

Results

Carcinoma atlas of CD98 expression

For epithelial tissues derived from 10 organs, 
CD98 showed positive membranous and cyto-
plasmic immunopositivity (Figure 1). Overall, in 
a total of 713 carcinoma samples tissue of 35 
histological types and 260 normal or cancer 
adjacent tissues from 10 different organs, 

Figure 2. mRNA expressions of CD98 in CRC patients of adjacent tissues vs. cancer tissues by qRT-PCR. A. Date 
from Oncomine database. B. Our date of RT-PCR results from 20 pairs CRC patients tissues. For each sample, the 
relative mRNA level of CD98 was normalized based on the Gapdh, the scatter diagram data shown are the mean 
2-(ΔΔCT). ΔΔCT, delta-delta CT value. Student’s t-test, ***P < 0.001.
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CD98 was expressed inmost tissues, with an 
overall positivity rate of 73%. Except forgastric 
carcinoma (20%, 20/40), the positivity rate of 
CD98 immunohistochemistry in all the carcino-
ma samples was more than 50%. Out of 713 
malignant carcinoma cases, 82% breast can-
cer, 63% lung cancer, 55% liver cancer, 81% 
ovarian cancer, 73% pancreas cancer, 84% kid-
ney cancer, 91% colon cancer and 73% lympho-
ma were CD98 positive expression. But out  
of 260 normal or adjacent normal cases, the 
corresponding expression of CD98 was signifi-
cantly lower than that in carcinoma (73%, P < 
0.0001). Although the level of expression of 
CD98 showed remarkable heterogeneity in dif-
ferent tissues, the differences in CD98 expres-
sion between normal and corresponding carci-
noma tissues were significant (P < 0.05) (Table 
1).

mRNA expression of CD98 in CRC samples

To explore whether the expression of CD98 was 
regulated at the transcriptional level in colorec-
tal cancer, the mRNA content of CD98 was ana-
lyzed with real-time quantitative PCR in two 

groups of human adjacent normal tissues and 
carcinoma tissues. First, we searched for the 
mRNA expression of CD98 in Oncomine data-
base and showed CD98 mRNA expression data 
of 18 paired colon adenocarcinoma samples 
from Princeton University [20]. In addition, 20 
paired tissues with colorectal cancer tissue 
and adjacent tissue were chosen to reconfirm 
the mRNA expression of CD98.

As shown in Figure 2, the 2-(ΔΔCT) values of CD98 
mRNA of carcinoma tissue were markedly high-
er than those of adjacent tissue controls in CRC 
patients (P < 0.0001, T test). The expression 
profiles of CD98 at the mRNA level were corre-
lated with those at protein level in the three 
groups when analyzed by Spearman’s rank cor-
relation (P < 0.01) (Figure 2). The results of 
mRNA expression tendency of CD98 in CRC 
samples are coincidence with those protein lev-
els in CRC tissues by immunohistochemistry.

Immunofluorescence analysis of CD98 with 
colorectal cancer and adjacent normal tissue

The prerequisite for molecular imaging for diag-
nostics is that the targets must be detectable 

Figure 3. The expression CD98 in rectal and colon cancer compared with corresponding adjacent normal tissues 
by immunofluorescence staining. CD98 was observed to be localized mainly to the plasma membrane and overex-
pressed in colorectal cancer tissues compared with cancer adjacent normal tissues. All images were all captured 
at 400× magnification.
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when probed with exogenous sensors such as 
antibodies. Hence, we conducted immunofluo-
rescence of CD98hc in colorectal cancer and 
adjacent normal tissue to determine whether 
CD98hc in colorectal cancer tissue could be 

detected by exogenously added antibodies. As 
shown in Figure 3, plasma membrane-localized 
CD98 could be detected in all cancer tissue. 
Although immunofluorescence is only semi-
quantitative, it is obvious that the CD98 signals 

Figure 4. Expression of CD98 in 100 colorectal 
cancer patients. A and B. The scoring percent-
ages of CD98 and the intensities of the immu-
nohistochemical staining in the whole patient 
group (n=100) between cancer tissues and 
adjacent tissues are significantly different (P < 
0.001). The data is represented as the mean 
observation of the three observers. C. Four-
year overall survival (OS) curves for patients 
with colorectal cancer. The expression level of 
CD98 was significantly negatively correlated 
with patient survival (P < 0.0001). D. The rep-
resentative IHC images of the expression of 
CD98 by immunohistochemical staining. Ab, 
absent expression; +, Weak expression; ++, 
moderate expression; +++, Strong expression.
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in cancer tissues were stronger than that in 
noncancer tissues. Collectively, the data sug-
gest that it is feasible to produce novel reagents 
that can detect CD98 for molecular imaging of 
cancer.

Correlation between CD98 expression and the 
clinicopathological features

To evaluate the clinical relevance of up-regulat-
ed expression of CD98 in CRC specimens, The 
scoring percentages of CD98-positive tumor 
cells and the intensities of the immunohisto-
chemical staining in the whole patient group 
(n=100) between cancer tissues and adjacent 
tissues are significantly different (P < 0.001) 
(Figure 4A and 4B). As shown in Table 3, posi-
tive staining for CD98 was associated with 
tumor size, tumor grading, lymph node metas-
tasis stage and distant metastasis stage and 
clinical stage as well by χ2 test analysis (all P < 
0.05) (Table 3).

Relationship between CD98 expression and 
overall survival

To investigate the relationship between CD98 
expression levels and clinical characteristics, 

we compared the survival rates in CRC patients 
according to the level of CD98 expressed in 
their tumor tissues. Univariate Cox regression 
analyses showed tumor size, tumor grading, 
TNM stage, Clinical stage, CD98 intensity and 
CD98 expression were correlated with overall 
survival rates in CRC patients (P < 0.05, Table 
4). According to the results of a Kaplan-Meier 
survival analysis, the mean OS time was 40 
months in the low CD98 group, whereas only 
25 months, 16 months in the moderate CD98 
group and high CD98 group (P < 0.001, Figure 
4C). In addition, positive CD98hc expression 
exhibited a notable association with high re- 
lapse risk (HR=0.436, 95% CI=0.331-0.575, P 
< 0.001) and (HR=0.307, 95% CI=0.168-0.560, 
P < 0.001) by using Univariate Cox regression 
and Multivariate Cox regression, respectively. 
All data suggested that CD98 expression was 
positively correlated with poor prognosis and 
was an independent prognostic factor in CRC 
patients.

Discussion

According to our experimental data and previ-
ous report available to date, it is clear that 

Table 3. Patient’s demographics according to the intensity and expression of CD98
Total

(n=100)
CD98 intensity CD98 expression

Variables 0, 1 (n=45) 2, 3 (n=55) P-value 0, 1 (n=42) 2, 3, 4 (n=58) P-value
Age
    < 58/≥ 58 21/24 27/28 0.809 30/35 18/17 0.615
Gender
    M/F 27/28 24/21 0.673 31/34 18/17 0.721
Tumor size (cm)
    < 5/≥ 5 36/9 33/22 0.031 50/15 19/16 0.02
PTM
    Colon/Rectum 23/22 25/30 0.573 31/34 17/18 0.933
Histo. type

32/13 39/16 0.982 45/20 26/9 0.595
Tumor grading
    WD+MD/PD+UD 36/9 43/12 0.824 54/11 25/10 < 0.001
pT
    T1/T2-4 13/32 3/52 0.001 15/50 1/34 0.009
pN
    N2-3/N0-1 44/1 44/11 0.06 63/2 25/10 < 0.001
pM
    M0/M1 19/26 11/44 0.016 27/38 3/32 0.01
pStage
    0+I+II/III+IV 18/27 9/46 0.008 25/40 2/33 < 0.001
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CD98 are expressed in primary human cancers 
and many cancer cell lines. To our knowledge, 
this is the first time to show profiles of CD98 
protein expression related specifically to ten 
different of tumors, and also the first clinico-
pathological study evaluating the prognostic 
significance of CD98 expression in patients 
with surgically resected colorectal cancer. The 
present study investigated the clinical signifi-
cance of CD98 expression as well as clinico-
pathological parameters in 100 cases of 
human CRCs.

By immunohistochemistry in a total of 713  
carcinoma samples tissue of 35 histological 
types, we found CD98 showed a high positivity 
rate in cancer tissues with an overall positivity 
rate of more than 70%, except for gastric carci-
noma (20%), the positivity rate of CD98 immu-
nohistochemistry in all the carcinoma samples 
was more than 50%. However, another report 
showed upregulation of CD98 in gastric cancer 

cells and supported the notion that CD98 is a 
potential biomarker that could be exploited for 
molecular imaging-based detection of gastric 
cancer [2]. From the preliminary results, we 
thought the differences were caused by the 
small sample size of gastric carcinoma in the 
study.

In addition, our experimental data demonstrat-
ed CD98 expression was elevated in CRCs 
compared with that of adjacent or normal col-
orectum. Consistently, mRNA expression level 
was also significantly higher in CRCs than in 
control tissues. Moreover, overexpression of 
CD98 was an independent indicator to predict 
poor prognosis in patients with CRCs. These 
results suggest that stepwise up-regulation of 
human CD98 might participate in the carcino-
genesis of CRC and that accurate quantifica-
tion of CD98 could be used as a prognosis fac-
tor in individuals with CRCs.

Table 4. Univariate and multivariate survival analysis in all patients (n=100)
Overall survival

Univariate Multivariate
Variables 4-year rate (%) HR 95% CI P-value HR 95% CI P-value
Age
    < 58/≥ 58 48/52 0.831 0.518-1.334 0.443 - - -
Gender
    Male/Female 51/49 0.958 0.596-1.538 0.858 - - -
Tumor size
    < 5 cm/> 5 cm 69/31 1.836 1.125-2.997 0.015 1.283 0.756-2.175 0.356
Primary tumor site
    Colon/Rectum 48/52 1.033 0.644-1.658 0.892 - -
Histo. type

71/29 0.791 0.466-1.344 0.386 - - -
Tumor grading
    WD, MD/PD, UD 45/55 1.765 1.030-3.025 < 0.001 3.763 1.936-7.314 < 0.001
T stage
    TX, T1-2/T3-4 16/84 0.003 0.497-0.315 < 0.001 0.171 0.057-0.514 0.002
N stage 
    N0-1/N2-3 88/12 0.599 0.432-0.832 0.002 1.174 0.552-2.493 0.677
M stage
    M0/M1 30/70 3.553 1.854-6.811 < 0.001 1.541 0.743-3.195 0.245
Clinical stage
    0, I, II/III, IV 27/73 0.552 0.399-0.763 < 0.001 0.424 0.210-0.857 0.017
CD98 intensity
    2-3/0-1 45/55 0.436 0.331-0.575 < 0.001 0.307 0.168-0.560 < 0.001
CD98 expression
    2-4/0-1 42/58 0.462 0.347-0.614 < 0.001 0.312 0.160-0.607 < 0.001
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Immunofluorescence and immunohistochemis-
try both confirmed the plasma membrane local-
ization of CD98 in CRC tissue. The data sup-
ported the notion that CD98 is a potential 
biomarker that could be exploited for molecular 
imaging-based detection of CRC cancer. Acc- 
ordingly, this protein could serve as prognostic 
biomarkers and therapeutic targets for treating 
patients with surgically resectable CRC.

In the study, we found that CD98 was overex-
pressed in various carcinomas with a signifi-
cantly higher positivity rate and stronger inten-
sity of positivity than those in normal and 
adjacent tissues, which provided further evi-
dence of CD98 expression profile. In addition, 
we demonstrated the clinicopathological sig-
nificance of CD98 as potential prognostic mark-
ers for cancer. In colorectal cancer, CD98 
expression was positively correlated with poor 
prognosis and was an independent prognostic 
factor. Future studies involving a larger sample 
size and determination of sensitivity/specificity 
performed as per our previous studies should 
clarify the role of CD98 in cancer. Prospective 
clinical trials could be performed to assess fur-
ther the value of CD98 alone or combined with 
other biomarkers in the diagnosis or prognostic 
evaluation of different types of cancers. In 
addition, CD98 is localized to the plasma mem-
brane, positioning it an attractive target for 
imaging and anti-cancer therapy. All the works 
contribute fundamentally to our future work to 
screen and identify antibody against CD98 by 
human antibody transgenic mice. The inhibition 
of CD98 may be a potential target for antican-
cer therapy in cancer.

Conclusions

Our study indicates that CD98 could be a can-
cer-associated biomarker with potentially wider 
applications. The high expression of CD98 can 
serve as an independent prognostic factor for 
predicting worse outcome after surgical treat-
ment and may have an important role in the 
metastasis, cell proliferation, and invasiveness 
of colorectal cancer. CD98 expression is a 
promising candidate for future biomarker devel-
opment for cancer.
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