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Abstract: Lin28B, a homologue of Lin28, represses biogenesis of let-7 microRNAs with a role in tumorigenesis and 
is considered a potential therapeutic target for various human cancers. The aim of the study was to identify the clini-
cal significance of Lin28B in gastric adenocarcinoma (GAC). We examined the expression of Lin28B in 97 human 
gastric cancer samples with 32 samples of non-dysplastic tissues by immunohistochemistry. In the 97 GAC cases, 
42 were with high Lin28B expression. The expression levels of Lin28B proteins in GAC were higher than in corre-
sponding adjacent normal tissues (P=0.001). Significant correlations were noted between Lin28B expression and 
lymph node status (P=0.005), TNM stage (P < 0.001), tumor invasion (P=0.036), and differentiation (P=0.001) of 
GAC patients. The Kaplan-Meier estimates showed a negative correlation of overall 5-year survival rate with Lin28B 
expression where higher expression resulted in poorer prognosis in GAC. In univariate analysis, lymph node metas-
tasis, TNM stage, serosal invasion, Lin28B expression as well as differentiation grade could predict the prognosis of 
GAC patients (P=0.002, P < 0.001, P=0.003, P < 0.001, P=0.001, respectively). Multivariate analysis revealed that 
the expression level of Lin28B (P < 0.001), TNM stage (P < 0.001) as well as differentiation grade (P < 0.001) were 
the three potential independent prognostic factors in our study [Hazard ratio (HR)=2.108 and P=0.017, HR=1.994 
and P=0.018, HR=1.939 and P=0.046, respectively]. Our findings point to the prognostic role of Lin28B in GAC, and 
indicate Lin28B as a potential therapeutic target of GAC patients.

Keywords: Lin28B expression, gastric adenocarcinoma, overall 5-year survival rate, multivariate Cox proportional 
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Introduction 

Currently, gastric cancer remains the main 
common cancers worldwide and one of the 
leading causes for cancer-related death in 
China [1, 2], with an estimated 934,000 new 
cases per year in 2002 [3]. In China, the overall 
5-year survival rate of patients with gastric can-
cer is lower than 40%. Identifying biological 
markers to predict prognostic risk in gastric 
carcinoma is still lacking. To improve the clini-
cal outcome of gastric carcinoma patients, it is 
necessary to target novel biomarker genes, 

which appear to be involved in carcinoma devel-
opment, as described previously [4, 5]. Because 
adenocarcinoma accounts for approximately 
90% of gastric cancer [6], patients with gastric 
adenocarcinoma (GAC) were selected in this 
study.

Lin28B protein is a homologue of Lin28 [7], a 
RNA-binding protein originally identified as a 
key regulator of developmental timing in 
Caenorhabditis elegans [8]. Similar to Lin28, 
Lin28B contains a cold shock domain and retro-
viral-type CCHC zinc fingers that confer RNA-
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binding ability [8, 9] and inhibit biogenesis of 
tumor-suppressive microRNAs of the let-7 fam-
ily [10-12]. Evidences demostrate that Lin28B 
is implicated in multiple developmental pro-
cesses, largely as a consequence of its ability 
to repress let-7 biogenesis [8, 9, 13-17]. 
Induction of expression with exogenous Lin28B 
promotes cancer cell proliferation [7]. Lin28B is 
also induced by Myc and plays an important 
role in Myc-dependent cellular proliferation 
[18], which has been demonstrated to enhance 
cell migration, invasion, and metastasis 
[13-15]. 

Though Lin28 and Lin28B share similar struc-
tures, they show different functions [19, 20]. 
For example, Lin28, in use with factors of Oct4, 
Nanog, Sox2, Klf4 and c-Myc, has been found 
to be able to reprogram sarcoma cells into 
mature connective cells with concomitant abro-
gation of tumori-genicity [21]. In contrast, 
Lin28B showed important functions during cell 
transformation from inflammation to malignan-
cy [22]. Recent studies show that Lin28 and 
Lin28B are upregulated in human tumors and 
function as oncogenes promoting transforma-
tion and tumor progression, where Lin28B over-
expression in human cancers seems to occur 
more frequently [14], pointing to Lin28B as per-
haps the more relevant homologue in tumori-
genesis. Until now, Lin28 and Lin28B expres-
sion has been reported distinctively or exclu-
sively in several tumours including colorectal, 
gonad, esophagus cancer, oral squamous cell 
carcinoma (OSCC), hepatocellular and breast 
tumours [19, 23-26]. 

Lin28B overexpression was observed in breast 
cancer [27], lung cancer [28], ovarian cancer 
[29], hepatocellular cancer [30], esophageal 
cancer [25], colorectal cancer [31], melanoma 
[30] and OSCC [26]. High expression of Lin28B 
is associated with poor clinical outcome and 
patient survival in HCC, colon, esophageal 
cancer, ovarian cancer and OSCC [25, 26, 30, 
32, 33]. These findings indicate Lin28B a 
potential antibody-based theraputic target. 
Therefore, understanding the existence and 
expression status of Lin28B will have profound 
implications in the prognosis and treatment of 
cancer. 

Though a recent study shows that positive 
expression of Lin28 is correlated with poor sur-
vival in gastric carcinoma [34], considering the 

different function of Lin28 and Lin28B, it is 
necessary to investigate the role of Lin28B in 
GAC, which as so far has not been investigated. 
We hypothesize that Lin28B may also play a 
role in the oncogenesis of GAC as Lin28, and 
the expression of Lin28B served as a prognos-
tic factor. To elucidate the prognostic value of 
Lin28B in GAC, we analyzed the expression of 
Lin28B with immunohistochemistry and 
assessed their associations with various clini-
copathological parameters and overall 5-year 
survival rate (OS) outcomes of patients in the 
study. This study implicates a role for Lin28B 
expression in GAC and finds its overexpression 
correlating with reduced OS.

Materials and methods

Patients and tissue specimens

For this retrospective study, archival formalin-
fixed paraffin-embedded (FFPE) specimens 
from 97 GAC patients admitted to West China 
Hospital, Sichuan University from 2001 to 
2003 were attained. As shown in Table 1, 
Cases (74 male, 23 female) with available fol-
low-up and clinical data were included for 
immunohistochemical studies. Patients receiv-
ing chemotherapy or radiation therapy before 
surgery were excluded. Of the 97 GAC patients, 
32 cases were combined with normal counter-
part non-dysplastic tissue. Among the 97 GAC 
cases, 13 cases located in corpus gastricum, 
42 cases located in Fundus gastricus and 42 
cases located in Sinus ventriculi. Information 
on sex, age, stage of disease, and histopatho-
logical parameters were retrieved from the 
medical records. The tumors were confirmed as 
malignant after surgery by pathologists from 
West China Hospital. The study was approved 
by the Ethics Committees of West China 
Hospital, Sichuan University. Informed consent 
was obtained from all participating patients.

Immunohistochemistry

For immunohistochemistry, 4 µm-thick sec-
tions cut from the FFPE tissue blocks were 
deparaffinized and rehydrated using xylene and 
a graded series of ethanol (absolute, 95%, 
80%, 50%), followed by two 5 min washes in 
phosphate buffered saline with Tween-20 
(PBST). Antigen retrieval was performed in 10 
mmol sodium citrate buffer (pH 6.0), which was 
microwaved at 90-100°C for 20 min and 
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washed in PBST for 2×5 min. The sections were 
then incubated for 30 min in 3% (v/v) hydrogen 
peroxide in methanol to block endogenous per-
oxidase activity, washed in PBST for 3×5 min, 
blocked at room temperature for 30 min by 
using 2% normal goat serum, 2% bovine serum 
albumin (BSA), and 0.1% triton-X in phosphate 
buffered saline (PBS), and incubated in a 
humidified chamber overnight at 4°C with the 
primary antibodies anti-Lin28B (1:50 dilution; 
Proteintech, US). The sections were then 
washed in PBST (3×5 min) and incubated at 
room temperature for 1 h with the secondary 
antibodies (goat-anti-rabbit, SP-9002, Zhong- 
shan Golden Bridge Inc, China). After a wash 
with PBST (3×5 min), the sections were incu-
bated with ready-to-use streptavidin  peroxi-
dase at room temperature for 30 min and well 
rinsed with distilled water. Colors were devel-
oped with a DAB kit. The sections were then 
counterstained with hematoxylin, dehydrated, 

and mounted. Negative controls were prepared 
by substituting PBS for the primary antibodies.

Immunoreactivity scoring

For evaluation of Lin28B protein expression, a 
reproducible semiquantitative method that 
takes both staining intensity and area scores 
into account was adopted.

The staining intensity was scored as follows: 1 
(weak staining = light yellow), 2 (moderate 
staining = yellow brown) and 3 (strong staining 
= brown) [35]. The staining area was the per-
centage of positive tumor cells, which was 
scored as follows: 0 (no tumor cell stained), 1 
(1%-30% positive tumor cells), 2 (31%-60% 
positive tumor cells), 3 (61%-90% positive 
tumor cells), 4 (91%-100% positive tumor cells) 
[36]. The final immunoreactivity score (IS) for 
each specimen was obtained by adding the 
staining intensity and area scores. Using the 
median value 4.5 of IS as a cut-off value [37], 
Lin28B expression was divided into Lin28B- 
high (IS ≥ 5) and Lin28B-low (IS < 5) groups. 
Each section was assessed by two histopathol-
ogists independently, who were blinded to 
patient information. Positive samples were 
defined as those showing brown signals in the 
cytoplasm and/or nuclei of cancer cells.

Statistical analysis

As the study endpoint, overall survival time is 
the time from surgery until the date of death or 
last follow-up (March, 2012). To assess correla-
tions of demographic and clinical variables with 
Lin28B expression, chi-square test and Fisher’s 
exact test were used for categorical variables 
and two-sample t-test for continuous variables. 
Chi-square test was also performed to compare 
the expression of Lin28B between tumor tis-
sues and adjacent benign tissues. Hazard 
ratios (HR) and their 95% confidence intervals 
(CI) were estimated using multivariate Cox’s 
proportional hazards model adjusted for age, 
sex, clinical stage, histologic grade, and thera-
peutic modality. Overall patient survival was 
estimated with Kaplan-Meier analysis with a 
log-rank score for determining statistical signifi-
cance. All P values were two-sided. A P≤0.05 
was considered statistically significant. All sta-
tistical analyses were performed using 
SPSS16.0 for Windows (SPSS Inc., Chicago, IL).

Table 1. Clinical characteristic of GAC pa-
tients
Characteristics N cases (%)
n 97
Age
    ≤50 24 (24.7)
    >50 73 (75.3)
Sex
    Male 74 (76.3)
    Female 23 (23.7)
Tumor location
    Corpus gastricum 13 (13.4)
    Fundus gastricus 42 (43.3)
    Sinus ventriculi 42 (43.3)
Lymphnode metastasis
    negative 36 (37.1)
    positive 61 (62.9)
TNM Stage
    I + II   57 (58.8)
    III + IV 40 (41.2)
Therapy
    Surgery 47 (48.4)
    Surgery + others 50 (51.6)
Serosal invasion
    negative 60 (61.9)
    positive 37 (38.1)
Differentiation
    Poor 56 (64.4)
    Well/Moderate 41 (35.6)
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Results

Increased Lin28B expression in GAC

Expression levels of Lin28B in GAC were deter-
mined by immunohistochemistry (Figure 1). We 
compared 97 samples of GAC tissues with 32 
samples of non-dysplastic tissues, which had 
enough normal counterparts adjacent to can-

cer tissues from the 97 cases, GAC tissues. 
Lin28B immunoreactivity was predominantly 
localized in the cytoplasm of the tumor cell of 
GAC, though nuclei staining was also evident in 
some cancer cells as illustrated in Figure 1. 
Most adjacent non-neoplastic cells were not 
stained, although weak staining could be found 
in some normal counterpart non-dysplastic tis-
sue (Figure 1A). High and moderate staining 

Figure 1. Expression of Lin28B in GAC patients. A. Low expression of Lin28B in normal counterpart non-dysplastic 
tissue (x 400). B. Low expression of Lin28B in GAC tissues (x400). C and D. High expression of Lin28B in GAC tissue 
(x100, x400). Lin28B immunoreactivity was predominantly localized in the cytoplasm of the tumor cell of GAC. E and 
F. Nuclei staining was also evident in some cancer cells (x100, x400).
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could be found in the tumor cells. High expres-
sion of Lin28B was found in 43.3% (42/97) of 
GAC tissues. In contrast, low expression of 
Lin28B was found in most of nondysplastic tis-
sues (28/32), and strong expression of Lin28B 
was only detected in 4 samples (12.5%) of 
them. The expression levels of Lin28B proteins 
in GAC were higher than in corresponding adja-
cent normal tissues (P=0.001, Table 2). 

Association of expression levels of Lin28B with 
the clinicopathological parameters of GAC

In order to know the clinical role of Lin28B in 
GAC, we further assessed the correlations 
between Lin28B expression level and clinico-
pathological parameters, including sex, age, 
location, invasion, tumor differentiation, lymph 
nodes status, and TNM stage and therapeutic 
modality of GAC patients (Table 2). 

Among 97 GAC cases examined, the presence 
of high LIN28B was detected in carcinoma cells 
of 42 cases. Statistical analysis showed that 
Lin28B expression was not significantly corre-
lated with such clinical parameters as age, sex, 
tumor location, and therapeutic modality of 
GAC patients (P>0.05). Interestingly, significant 
correlations were noted between Lin28B expr- 
ession and lymph node status (P=0.005), TNM 
stage (P < 0.001), tumor invasion (P=0.036), 
and differentiation (P=0.001) of GAC patients. 

Expression level of Lin28B for prognosis in pa-
tients with GAC

Expression levels of LIN28B, as described 
between Lin28B-low and Lin28B-high expres-
sion groups, were evaluated for correlations 
with overall 5-year survival (OS) by using 
Kaplan-Meier analysis. The results showed that 
patient OS was negatively correlated with the 
Lin28B expression level, where higher expres-
sion of Lin28B resulted in poorer OS (Figure 
2A). Of the 97 GAC patients, the MST was 24 
months and the 5-YSR was 31% for the 42 
patients with high Lin28B expression, signifi-

cantly lower compared with the remaining 55 
patients with low Lin28B expression (MST>136 
months, 5-YSR=65.5%; P < 0.001, Figure 2A). 

Further, in a univariate Cox regression analysis, 
lymph node metastasis, TNM stage, serosal 
invasion, Lin28B expression as well as differen-
tiation grade could predict the prognosis of 
GAC patients (P=0.002, P < 0.001, P=0.003, P 
< 0.001, P=0.001, respectively; Table 3). Use 
of the Cox regression model in multivariate 
analysis revealed that the expression level of 
Lin28B (P < 0.001) (Figure 2A), TNM stage (P < 
0.001) (Figure 2B) as well as differentiation 
grade (P < 0.001) (Figure 2C) were the three 
potential independent prognostic factors in our 
study [Hazard ratio (HR)=2.108 and P=0.017, 
HR=1.994 and P=0.018, HR=1.939 and 
P=0.046, respectively; Table 4]. 

Discussion

This effect of Lin28 and Lin28B, which seems 
similar to an oncogene, is largely due to its abil-
ity to inhibit the let-7 microRNA family [10-12]. 
Despite their high degree of homology, Lin28 
and Lin28B function through distinct mecha-
nisms to block let-7 processing [19]. Lin28 
recruits a TUTase (Zcchc11/TUT4) to let-7 pre-
cursors to block processing by Dicer in the cell 
cytoplasm. Unlike Lin28, Lin28B represses 
let-7 processing through a Zcchc11-
independent mechanism. Lin28B functions in 
the nucleus by sequestering primary let-7 tran-
scripts and inhibiting their processing by The 
Microprocessor. It is concluded that this dis-
tinction derives from the differential subcellular 
localization of these two proteins: Lin28 local-
izes primarily to the cytoplasm, whereas Lin28B 
contains functional nuclear localization signals 
and specifically localizes to nucleoli. In the cur-
rent study, the result was inconsistent, where-
as Lin28B immunoreactivity was predominantly 
localized in the cytoplasm of the tumor cell of 
GAC, though nuclei staining was also evident in 
some cancer cells. This may due to the reason 
that though Lin28B-mediated repression of 
let-7 expression is Zcchc11 (TUT4) independent 
in multiple different cell types, it remains pos-
sible that in certain contexts or cell types 
including GAC, Lin28B may localize to the cyto-
plasm and utilize Zcchc11/TUT4 to repress 
let-7 biogenesis. For example, uridylated pre-
let-7was previously detected in Huh7 cells, and 
Lin28B is reportedly localized to the cytoplasm 
in Huh7 cells [7, 11]. Another previous study 

Table 2. Comparison of Lin28B expression 
between gastric carcinoma (GAC) and adja-
cent normal tissue (Control)

Groups
Lin28B expression

P Value
Mean staining score

GAC 4.90 0.001
Control 1.45
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that distribution of LIN28B is cell cycle-regulat-
ed, LIN28B was predominantly present in the 
cytoplasm of G1phase cells, nuclear accumula-
tion of LIN28B was observed in S phase and G2 
phase cells [7], may also explain this inconfor-
mity. The mechanism for this different distribu-
tion of Lin28B in cancer cells should be studied 
more in details in future.

A previous study has demonstrated that 
Lin28B, but not Lin28, is associated with 
human puberty and menopause [38]. It seems 
that Lin28B was more often expressed in the 
digestive system neoplasm [23, 32], while 
Lin28 was expressed in germ cell development 
and gonadal tumours [36, 39-41]. A recent 
study showed that Lin28 was lower expressed 
in gastric carcinoma tissues than correspond-
ing normal tissues [34]. In our study, the expres-
sion levels of Lin28B proteins in GAC were high-
er than in corresponding adjacent normal tis-
sues (P=0.001). Most adjacent non-neoplastic 
cells were not stained, although weak staining 
could be found in some normal counterpart 
non-dysplastic tissue. In contrast, high and 

moderate staining of Lin28B could be found in 
the tumor cells of GAC. In consideration of the 
above differences between Lin28 and Lin28B, 
which may indicate their different clinical role in 
GAC patients, we conducted current work aim-
ing to determine the clinical significance of 
Lin28B expression in GAC. To our knowledge, 
there are no reports concerning the clinical 
roles of expression level of Lin28B in GAC. 

Early studies only used positive tumor cell rate 
as an index to evaluate the sensitivity of Lin28B 
staining in cancer cells [25, 32]. In consider-
ation of the varied staining intensity of Lin28B 
among specimens or even in a same carcinoma 
section, and the diverse effect of different 
expression levels on patient outcome, we used 
semi-quantitative scoring including both stain-
ing area and intensity to assess the immunos-
taining as previously described [26]. This meth-
od is more efficient to assess protein expres-
sion levels and for association analysis [42, 
43].

Recent study has shown in ovarian cancer, the 
level of Lin28B expression is correlated with 

Figure 2. A. Survival curves of patients with GAC, 
subdivided according to Lin28B expression. B. 
Survival curves of patients with GAC, subdivided 
according to TNM stage. C. Survival curves of 
patients with GAC, subdivided according to dif-
ferentiation.
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tumor stage and lymph node metastasis [33]. 
The results about the association between 
Lin28B and pathological features in our study 
showed that Lin28B expression predicted TNM 
stage, serosal invasion, lymph nodes metasta-
sis, and tumor differentiation of GAC patients. A 
recent study demonstrated that constitutive 
expression of Lin28B expression in colon can-
cer cells confers metastatic ability by showing 
that mice xenografted with Lin28B expressing 
colon cancer cells developed much more 
metastasis in the liver, lung, and mesenterium 
compared with mice of the empty vector control 
group [25, 32]. Thus, Lin28B expression may 
have an important role in cancer metastasis. 
Meanwhile, the TNM stage system and lymph 
node status are two prognostic indexes widely 
used in clinic for GAC [44, 45], and poorly dif-
ferentiated cancer cells of gastric cancer often 

show stronger aggressive and metastatic abili-
ty [46]. The relevance between Lin28B expres-
sion and the above clinicopathological charac-
teristics indicates that Lin28B could be used as 
a potential factor to predict tumor progression 
and poor prognosis in GAC. 

Lin28B functioning as an oncogene has been 
demonstrated in a few previous studies, For 
example, Lin28B promotes epithelial-mesen-
chymal transition and the Lin28B knockdown 
inhibit tumorigenecity and growth [7, 18, 19, 
21, 23]. Indeed, several recent reports demon-
strated that Lin28 expression correlates with 
survival of patients with malignant diseases 
[7]. In ovarian cancer, patients with high Lin28B 
expression had shorter progression-free and 
overall survival times than those with low 
Lin28B expression [33]. In another recent 
report, high Lin28B staining intensity in stage I/
II colon cancers correlated with reduced sur-
vival and increased probability of tumour recur-
rence [32]. And high expression of Lin28B was 
with poor prognosis of patients with esopha-
geal cancers [25] and Oral squamous cell carci-
noma [26].

The results of the current work indicate a strong 
correlation between the expression of Lin28B 
and the OS in GAC patients. Kaplan-Meier anal-
ysis showed that patient survival time is nega-
tively correlated with the Lin28B expression 
level, where higher Lin28B expression points to 
shorter survival time in GAC patient. Cox regres-
sion results suggested Lin28B, TNM stage, and 
differentiation were independent prognosis 
predictors for GAC patient. Our result of the cor-
relation between high expression of Lin28B 
and poor prognosis of patients with GAC is 
compatible with the above studies. Thus, 
Lin28B expression may be clinically relevant 
prognostic marker in various malignancies 
including GAC.

In conclusion, our findings points to Lin28B as 
a potential predictive factor for the prognosis of 
GAC and indicate Lin28B as a potential thera-
peutic target. Further studies will be performed 
to determine initiated Lin28B activation in GAC, 
and the related different functional pathways 
and molecular mechanisms from Lin28.
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