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The effect of miR-496 on eIF3h in lung invasive adenocarcinoma
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This study explores the correlation between microRNA-496 (miR-496) expression and eukaryotic translation initiation factor 3H (eIF3h) expression in lung
invasive adenocarcinoma. A total of 71 patients with
lung adenocarcinoma were included in the study. The
tumor tissue samples were collected together with the
normal lung tissue samples that were acquired more
than 2 cm away from the edge of the tumor). Expression of miR-496 was detected using real-time fluorescence quantitative PCR. Expression of Ki67 and Bcl-2
in lung adenocarcinoma was detected with Western
blotting, and expression of eIF3hwas detected with
immunohistochemistry. Expression of miR-496 was
significantly lower in the tumor than in normal lung
tissue (P<0.05). miR-496 expression was significantly
decreased in the tumor samples from the patients
with large tumor maximum diameter, pleural recidivism, lymph node metastasis, and TNM stage III + IV,
compared to the samples from the patients with small
tumor diameter, no pleural recidivism, no lymph node
metastasis, and TNM stage I + II (P<0.05). No significant difference in miR-496 expression was identified
among the groups of different sex, age, and tumor
differentiation degree (P>0.05). Low expression of
miR-496 correlated with a shorter survival time of the
patients (P<0.05). Moreover, miR-496 expression was
negatively correlated with Ki67, Bcl-2 and eIF3h expression. We speculate that and miR-496 has the potential to regulates eIF3h expression, and low expression of miR-496 in lung adenocarcinoma may be related to the occurrence and development of the tumor.
Mir-496 may be an independent prognostic factor in
lung adenocarcinoma.
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INTRODUCTION

Lung cancer is one of the malignant tumors with the
highest morbidity and mortality. Non-small cell lung cancer (NSCLC), which accounts for about 80% of all lung
cancers, can be further divided into subtypes including
lung adenocarcinoma, lung squamous cell carcinoma, and
lung large cell carcinoma. Among them, lung adenocarcinoma is the most common subtype of all lung cancers,
accounting for about 40% of all lung cancers and show-

ing an increasing trend in recent years (Meng et al., 2013;
Wu et al., 2017).
miRNA is a class of 18–25 nucleotide non-coding
single-stranded RNA that is common in eukaryotes. Recently, the role of miRNA in promoting the proliferation
and metastasis as well as regulating the apoptosis of tumor cells has been found by researchers (Mi et al., 2017),
and the abnormal expression of micro-RNA (miRNA) in
tumor progression gathered attention. Mir-496 is located
on human chromosome 14, and its biological function is
not clear. Some studies have shown that low expression
of miR-496 correlates with aging and plays an important
role in the formation and differentiation of bone cells
(Palmieri et al., 2010). It was found that overexpression
of miR-496 could inhibit the proliferation of breast cancer cells and was MBD2 dependent (Alvarado, 2013). At
present, there are few reports about miR-496, and its biological function in tumor development is not clear. Up
to now, there is no report about miR-496 expression in
lung adenocarcinoma.
Eukaryotic translation initiation factor 3 subunit H
(eIF3h) is a translation initiation complex containing 1013 different subunits, which can stably bind Met complex to 40S ribosome subunit, cause cell dysplasia and
induce tumor progression (Choudhuri et al., 2013). Savianinen and others (Savinainen, et al., 2004) found that
eIF3h expression was related to the stage of prostate
cancer. Zhang and others (Zhang et al., 2007) found that
overexpression of eIF3h in NIH3T3 cells can lead to
malignant transformation of the cells. It has been shown
that reducing eIF3h expression level with interfering
RNA in breast cancer and prostate cancer cell lines can
slow down the proliferation of these cells (Zhang, 2008).
In this study, we screened the TCGA database for
differentially expressed miRNA and selected miR-496,
which is most related to lung adenocarcinoma and rarely
reported in the clinical studies. Using TargetScan database, we predicted that eIF3h may be the downstream
target gene of miR-496. We explored the expression of
miR-496 in postoperative tissues of lung adenocarcinoma
and further analyzed the relationship between miR-496
and the patients’ clinical features, and prognosis, as well
as its correlation with proliferation and apoptosis markers. In addition, we also examined the possible correlation between miR-496 and eIF3h expression, in order to
provide theoretical basis for future cancer research.
MATERIALS AND METHODS
Clinical data

The patients included in this study were diagnosed
with lung adenocarcinoma between September 2013
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and August 2014, based on the following criteria: (1)
they were diagnosed in line with the WHO diagnostic
criteria of lung adenocarcinoma; (2) they were firstly
diagnosed without earlier intervention. Exclusion criteria were as follows: (1) malignant tumors of other
organs; (2) receiving preoperative radiotherapy and
chemotherapy; (3) controversial diagnosis. A total of
71 cases were observed, including 30 men and 41
women, aged 32 to 85 years (mean 59.3 years). In this
group, there were 41 cases of pleural involvement and
30 cases of no pleural involvement, and 22 cases with
lymph node metastasis and 49 cases without lymph
node metastasis. TNM staging included 10 cases in
stage I, 20 cases in stage II, 26 cases in stage III and
15 cases in stage IV. The collected specimens consisted of the tumor tissue (later on referred to as the
tumor tissue group) and the normal lung tissue, which
was collected 2 cm away from the margin of the tumor (later on referred to as the normal tissues group).
The study was approved by the Ethics Committee of
Changzhou No.2 People’s Hospital, in line with the
basic principles of the Helsinki Declaration with the
signed informed consent from all patients.
METHODS
Total RNA isolation and real-time fluorescence
quantitative PCR

The expression of miR-496 in lung adenocarcinoma
and normal lung tissues was detected using real-time
fluorescence quantitative PCR. Total RNA was extracted from fresh specimens. The primers were synthesized by Shanghai Jima Technology Co., Ltd., and
the reagent was purchased from Invitrogen Company
of the United States. The miR-496 upstream primer
was 5’-AAATATGCGTGTGATGATGATCGAAA-3’;
and the downstream primer was 5’-TCAAAAAAGCCCGGCTACCT-3’. U6 was used as a reference gene.
The U6 upstream primer was 5’-GGAACGAGAAAGATTAGC-3’, and downstream primer was 5’-TGGAATTCACGAATTCCG-3’. The experimental operation was carried out strictly according to the protocols. The procedure was as follows: 95°C 8 minutes,
1 cycle; 95°C 25 seconds, 64°C 20 seconds, 72°C 20
seconds, 10 cycles; 93°C 25 seconds, 60°C 35 seconds,
72°C 20 seconds, 35 cycles. The signal was collected
at 60°C, the Ct value was calculated automatically, and
the result was represented by 2-ΔΔCt. ΔΔCt=[Ct target
gene (sample)-Ct GAPDH (sample)]-[Ct target gene
(calibration sample)-Ct GAPDH (calibration sample)].
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body and DAB were purchased from Beijing Zhongshan Jinqiao Biotechnology Co., Ltd. The concentration of eIF3h antibody was 1:500. Three 400 fold
visual fields were selected to calculate the positive rate
and the average value were measured.
Statistical analysis

Data were analyzed with t-test, paired t-test, or chisquare test using SAS6.12 software. Pearson correlation
analysis and K/M survival analysis were performed with
P<0.05 as the test standard.
RESULTS
miR-496 expression is in lung adenocarcinoma is
decreased

71 Lung adenocarcinoma tissues and 71 normal tissues were examined. The expression of miR-496 in lung
adenocarcinoma was significantly lower than in normal
tissues (P<0.05) (Fig. 1). The expression of miR-496 in
normal tissues group was about 1.37 times higher than
in tumor tissues (Table 1).
miR-496 expression correlates with some
clinicopathological features

The miR-496 expression in different clinical case
characteristic groups is shown in Table 2. The expression of miR-496 in tumors of maximum diameter ≥3
was significantly lower than in smaller tumors (maximum diameter <3 cm) (P<0.05). The expression of
miR-496 in tumor tissue from the patients with pleural involvement was significantly lower than in the tumors from the patients without pleural involvement
(P<0.05). Also, the expression of miR-496 in tumor
tissue from the patients with lymph node metastasis
was significantly lower than in the tumors from the
patients without lymph node metastasis (P<0.05).
Likewise, miR-496 expression was significantly lower
in TNM stage III-IV than in TNM stage I-II (P<0.05).
Gender and age of the patients as well as the degree

Western blotting

The expression of Ki67 and Bcl-2 in lung adenocarcinoma was detected using Western blotting. The experimental operation was carried out strictly according
to the protocols. Fresh specimens were used for the
protein sample preparation. The reference gene was
GAPDH. The electrophoresis gel was applied into the
box and exposed to light for 3 min and developed for
20 seconds. The target protein signal was normalized
to GAPDH and analyzed by Image J software.

Figure 1. Comparison of miR-496 expression in two groups.

Table 1. Comparison of miR-496 expression in two groups
Groups

N of Cases

miR-496

t

Immunohistochemistry

Observation group

71

1.69±0.42

6.75

eIF3h protein levels in paraffin-embedded tissues of
lung adenocarcinoma were detected with immunohistochemistry using two-step method. Both eIF3h anti-

Control group

71

2.31±0.29

P
0.007
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Table 2. Comparison of miR-496 expression in groups with different clinicopathological features
Clinical features

N of cases

miR-496

t

P

Male

30

1.72±0.35

0.70

0.598

Female

41

1.67±0.37

<60 y

32

1.73±0.38

0.88

0.442

≥60 y

39

1.66±0.37

Medium-High

51

1.66±0.45

0.95

0.452

Low

20

1.74±0.33

<3cm

31

1.85±0.45

4.96

0.012

≥3cm

40

1.58±0.35

No

30

1.85±0.37

4.97

0.011

Yes

41

1.57±0.36

No

49

1.79±0.38

4.98

0.011

Yes

22

1.51±0.37

I-II stage

30

1.82±0.38

4.05

0.023

III-IV stage

41

1.60±0.34

Sex

Age

Differentiation degree

Tumor maximum diameter

Pleural involvement

Lymph node metastasis

TNM stages

Correlation between miR-496 expression and Ki67and
Bcl-2 protein levels is negative in the tumor

Figure 2. Correlation between miR-496 expression and survival
time.

of cell differentiation within the tumor did not have
significant correlation with miR-496 expression in the
tumor tissue. (P>0.05).
High miR-496 expression correlates with longer survival

All the patients included in this study were followed
for 5 years (60 months). The survival time of the patients was between 5 and 60 months, and the median
survival time was 20 months. At the end of the 5-year
follow-up, 16 patients survived, 52 died, and we lost
track of 3. Kaplan-Meier survival plot shown in Fig.
2 depicts the correlation between miR-496 expression
and the survival time of the patients. The prognosis was significantly better for the patients with high
expression of miR-496 than for the group with low
miR-496 expression (X2=6.55, P=0.002).

The Ki67 and Bcl-2 protein levels in the protein
lysates from the tumors were quantified densitometrically and normalized to b-actin. The range of Ki67
relative protein levels in the tumor was 0.9/3.3, with
an average of 2.5 (Fig. 3A). The correlation analysis showed a negative correlation between miR-496
expression and Ki67 relative protein level (r=0.50,
P<0.022) (Fig. 3B). The range of Bcl-2 relative protein
levels was 0.5 to 3.8, with an average of 2.4 (Fig. 3A).
Based on correlation analysis, a negative correlation
was observed between miR-496 expression and Bcl-2
relative protein level (r=0.49, P<0.037) (Fig. 3B).
Correlation between miR-496 expression and eIF3h
protein level in the tumor

The eIF3h staining in lung adenocarcinoma tissue is
shown in Fig. 4. The eIF3h expression was observed
in cytoplasm and/or cell membrane. The percentage
of eIF3h positive cells in the tumor tissue was between 8% and 80%, with an average of 39.5%. The
expression of miR-496 was negatively correlated with
percentage of eIF3h positive cells (r=0.5, P<0.011)
(Fig. 5).
DISCUSSION

The etiology of lung adenocarcinoma is believed
to depend on a variety of molecular biological pathways. The abnormal expression of miRNAs may pro-
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Figure 3. Correlation between miR-496 expression and Ki67and Bcl-2 protein levels.
(A) shows the results of western blot …. (B) shows correlation between miR-496 expression and Ki67 (left) and Bcl-2 (right) protein levels
in the tumor tissue.

mote tumor progression (Wen et al., 2016). MiR-496
is a factor related to abnormal proliferation of tumor.
Earlier studies have shown that miR-496 is expressed
in normal human tissues and cells, while miR-496 is
often decreased in neoplastic cells (Huat et al., 2016).
The abnormal expression of miR-496 is regulated by
associated factors. The down-regulation of methylated
DNA binding protein 2 (MBD2) can significantly inhibit miR-496 in human breast cancer MCF-7 cell line
and initiate cell proliferation, metastasis, and cell migration. It involves changes in a variety of molecular
biological pathways (Alvarado et al., 2013). In addition,
members of the translation initiation factor family
may be downstream regulators of miR-496 (Qi et al.,
2019). We found that eIF3h, which has the function
of multidirectional regulation, is one of the miR-496
targets. According to several published studies, eIF3h
activation can promote tumor growth, which is mainly
due to the regulation of epithelial cell proliferation
(Wang et al., 2018). However, after silencing of eIF3h,

the proliferation activity of tumor cells decreased, the
ability of cell division was poor, and the adhesion between cells decreased with the low ability of cell migration (Cappuzzo et al., 2009; Zhu et al., 2016).
This study is conducted with the use of pathological tissue of lung adenocarcinoma that was resected
surgically. The accumulated results showed that the
expression of miR-496 in lung adenocarcinoma was
lower than that in normal lung tissue, which indicated
that low expression of miR-496 was a crucial molecular factor in the formation of lung adenocarcinoma.
In addition, we also found that miR-496 expression in
tumor tissue from the patients with lymph node metastasis, pleural involvement and TNM stage III + IV
was significantly lower than that of patients without
lymph node metastasis, pleural involvement and TNM
stage I + II. Wen and others (Wen et al., 2016) found
that miR-496 was related to the occurrence and development of hepatocellular carcinoma. They found that
when miR-496 inhibitor was added, the number of tu-

Figure 4. eIF3h staining in lung adenocarcinoma.

Figure 5. Correlation between miR-496 expression and the percentage of eIF3h-positive cells in the tumor.
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mor cells in G0/G1 phase decreased and the number
of tumor cells in G2/M phase increased. Zhou and
others (Zhou et al., 2016) found that miR-496 had low
expression in colorectal adenocarcinoma cells, and it
inhibited the proliferation and metastasis of colorectal
adenocarcinoma cells by regulating Wnt pathway activity. These reports are similar to the results of this
study, suggesting that miR-496 is a tumor suppressor.
MiR-496 may regulate the proliferation of cells by
regulating the expression of Ki67, and may have an
effect on apoptosis by regulating the expression of
Bcl-2 protein (Lu et al., 2018; Yao et al., 2019). In this
study, we found that the expression of miR-496 had
association with TNM stage. Considering that TNM
is an important factor to evaluate the prognosis of
tumor, we speculate that the expression of miR-496
may be related to prognosis of tumor. The results of
survival analysis also confirmed our assumption that
the low expression of miR-496 was accompanied with
a poor prognosis. In addition, we found that the expression of miR-496 was not correlated with the degree of differentiation of lung adenocarcinoma, suggesting that miR-496 had no significant regulatory effect on stem cells and immature cells. In non-small
cell lung cancer (NSCLC), miR-496 is reported to
have similar effects. Research has shown that upregulated expression of miR-496 suppressed tumor
growth via inactivating brain derived neurotrophic factor (BDNF)-mediated PI3K/Akt signaling pathway in
clinical patients and in most of the NSCLC cell lines,
including H1650, H292, H1944 and A549 (Bhardwaj
et al., 2019).
Our study indicated that the expression of miR496 was negatively correlated with eIF3h. MiR-496
may be the upstream factor of eIF3h, which mediates
tumor angiogenesis, cell adhesion and cell migration
by regulating the translation process (Bhardwaj et al.,
2019). Moreover, the research on the negative regulation of eIF3h in lung adenocarcinoma cells has always
attracted attention. This study corroborates the negative regulatory effect of miR-496 on eIF3h. There are
also studies describing a previously unknown negative
regulation eIF3h by PDCD4, and eIF3h was also confirmed as an oncogenic factor in lung adenocarcinoma, where it acts via enhancing EMT signaling, which
can be abrogated by PDCD4. This negative regulation
mechanism will be further explored in future research.
In addition, according to Qi and others (Qi et al.,
2019), eIF4E could be regulated by abnormal expression of miR-496 in human osteosarcoma, indicating
that miR-496 may regulate many members of eIF
family. Considering that there are only few studies on
the regulation of downstream eukaryotic initiation factors by miR-496, more follow-up research is needed
to further reveal these relationships. The prognostic
value of miR-496 also needs to be verified by studies from multiple centers and with a larger number of
samples and a longer follow-up time to further confirm the role of miR-496 as a prognostic factor.
CONCLUSION

In conclusion, the low expression of miR-496 is related to the progress of the lesion in lung adenocarcinoma. MiR-496 may have potential function in regulating eIF3h. Moreover, miR-496 may be an independent
prognostic factor for lung adenocarcinoma.
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