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Abstract. – OBJECTIVE: This study sought 
to explore HuR, Thrombotic Thrombocytopenic 
Purpura (TTP), and microRNA 133b (miR-133b) 
expression levels in non-small cell lung cancer 
(NSCLC) patients and assess the relationship of 
expression with disease prognosis.

PATIENTS AND METHODS: One hundred and 
ten paraffin-embedded and 33 fresh flash-fro-
zen NSCLC samples, together with matched tu-
mor adjacent normal tissue controls, were col-
lected from patients between January 2013 and 
July 2015 in Yidu Central Hospital of Weifang. 
Twenty-nine patients provided both paraffin-em-
bedded and fresh frozen tissues. HuR and TTP 
protein expression levels were measured in 110 
paraffin-embedded tumors and matched con-
trols using immunohistochemistry, while miR-
133b levels were measured using Real-time flu-
orescent quantitative PCR. 

RESULTS: Follow-up parameters included 
treatment response, relapse events, post-re-
lapse treatment, disease free survival (DFS), and 
overall survival (OS). HuR expression was sig-
nificantly different between tumor and matched 
controls (p < 0.0001). Cytoplasmic expression 
levels of HuR and TTP correlated with pTNM 
staging (p < 0.05). No significant correlation was 
observed between HuR and TTP expression and 
other clinical pathological factors (gender, age, 
tumor size, pathological subtype, differentiation 
status, lymph node metastasis, distant metasta-
sis, and tumor invasiveness). MiR-133b expres-
sion correlated with tumor size (p = 0.015) and 
differentiation status (p = 0.013) in paraffin-em-
bedded sections, but was only correlated with 
pTNM staging (p = 0.032) in frozen tissue sam-
ples. No significant difference in DFS nor OS 
was observed between 68 HuR-positive and 42 
HuR-negative patients (DFS, Log Rank p = 0.712; 
OS, Log Rank p = 0.220). However, DFS and OS 
were significantly different between miR-133b 
high-expression and low-expression patients 
(DFS, Log Rank p = 0.048 < 0.05; OS, Log Rank 
p = 0.025 < 0.05). This indicates that miR-133b 
levels may have prognostic value.

CONCLUSIONS: HuR expression was nega-
tively correlated with TTP expression in NSCLC 

tissues. MiR-133b levels were downregulated in 
normal tissues compared to both paraffin and 
frozen tumor samples, and correlated with both 
HuR and TTP expression, which may affect the 
prognosis of NSCLC patients.
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Introduction

Lung cancer is one of the most common ma-
lignancies, with non-small cell lung cancer (NS-
CLC) accounting for approximately 85%1 of lung 
cancer cases. A comprehensive treatment strate-
gy for NSCLC includes surgery, chemotherapy, 
radiation, and targeted therapies. However, due 
to heterogeneity and multidrug resistance, the 
therapeutic benefit to NSCLC patients has not 
significantly improved2,3. 

It has been reported that NSCLC develop-
ment and progression is associated with multi-
gene transcription and disrupted post-transcrip-
tional gene modification4. RNA-binding proteins 
(RBPs) have been reported to play important 
roles in eukaryotic gene expression regulation, 
especially that of post-transcriptional modifica-
tions5. MiRNA, a highly conserved nucleic acid 
sequence, also regulates eukaryotic gene expres-
sion, and is a key factor of cell proliferation, 
apoptosis, and metastasis by post-transcriptional 
regulation of gene expression during tumor pro-
gression6. Both RBPs and miRNA act on 3’UTR, 
which suggests these two may share targeting 
pathways or interact with each other to facilitate 
oncogenesis7. Finally, it has been demonstrated 
in a variety of tumors that miR-133b overexpres-
sion inhibits tumor cell proliferation and induces 
apoptosis8,9. This implies that miR-133b functions 
as a classical miRNA, negatively regulating tar-
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get genes. However, the molecular mechanism 
of miR-133b in malignant tumors is still unclear. 
Moreover, the interaction between miR-133b and 
other post-transcriptional regulators such as HuR 
and TTP, also remains to be explored.

In this study, we assessed HuR, TTP, and miR-
133b expression levels in 110 NSCLC samples. 
We then investigated their correlation with each 
other, clinical factors, and patient prognosis, with 
the aim of strengthening the foundation for future 
NSCLC diagnosis and treatment.

Patients and Methods

Patients
Paraffin-embedded NSCLC and matched con-

trol samples from 110 patients were collected in 
Yidu Central Hospital of Weifang between Janu-
ary 2013 and July 2015. Among all the patients, 
78 were male and 32 were female. The median age 
was 59 years (range: 36-76 years). Forty-six pa-
tients were positive for lymph node metastasis and 
64 years were negative. We also collected fresh 
frozen NSCLC tissues and normal controls, which 
were defined as being > 5 cm from the tumor 
margin, from 33 patients (25 males, 8 females). 
The median age was 57 years (range: 41-74 years). 
Thirteen patients were positive for lymph node 
metastasis. Twenty-nine patients provided both 
frozen and paraffin-embedded tissues. None of the 
patients received any chemotherapy, radiotherapy, 
or other anti-tumor therapy before surgery. All 
patients were pathologically confirmed as having 
NSCLC after surgery. TNM staging of all patients 
was based on the American Joint Committee on 
Cancer (AJCC) and Union for International Cancer 
Control (UICC) criteria. Among the 110 patients 
providing paraffin-embedded samples, 47 patients 
were stage I (IA: 25; IB: 22), 28 were stage II (IIA: 
19; IIB: 9), 28 were stage III (IIIA: 26; IIIB: 2), 
and 7 were stage IV. Among the 33 patients with 
fresh frozen samples, the number of stage I to IV 
patients were 13 (IA: 5; IB: 8), 10 (IIA: 3; IIB: 
7), 9 (IIIA: 9), and 1, respectively. Eighty non-tu-
mor paraffin-embedded lung tissues were used as 
controls. All patients were informed of the study 
purpose and provided written informed consent. 
The current study was approved by the Ethical 
Committee of Yidu Centre Hospital.

Chemicals and Antibodies
Mouse anti-human HuR (sc-365816) and an-

ti-human TTP (sc-374305) monoclonal antibod-

ies were provided by Santa Cruz Biotechnology 
(Santa Cruz, CA, USA). Immunohistochemistry 
Kit (SP-9001), concentrated DAB kit (ZLI-9003), 
and neutral balsam were obtained from ZSGB 
Bio (Beijing, China). 

Instruments
The following equipment was used: elec-

tro-heating standing-temperature cultivator 
(YLA-2000, Weifang Medical Instrument Co., 
Ltd., Shandong, China); microtome (Leica RM-
2235, Wetzlar, Germany); microscope (Olym-
pus BX51, Tokyo, Japan); refrigerator (Hisen-
se203UN, Hisense, Shangdong, China); electro-
magnetic oven (Media, Guangdong, China); mi-
cropipette (Gilson, Villiers-le-Bel, France). Other 
materials used in this study were provided by 
Yidu Central Hospital (Shandong, China).

Immunohistochemistry
After fixation and embedding, tissues were 

cut into 4 μm sections and dried in a 70°C 
incubator for 2 h. Tissues were then depar-
affinized with xylene for 5 min and hydrated 
using an alcohol gradient (100%, 95%, 80%, 
70%, 2 min each). Following washing with 
tap and distilled water, antigen retrieval was 
conducted by boiling for 2 min in citrate buffer 
solution (pH = 6.0, 0.01 mol/L), followed by 15 
min incubation in room temperature. Sections 
were blocked with 3% peroxidase for 10 min, 
washed three times using PBS, and then incu-
bated for 10 min with confining liquid. Tumor 
tissue was incubated overnight at 4°C with 
primary antibodies (HuR: 1:100; TTP 1:50). For 
control slides, phosphate-buffered saline (PBS) 
was used instead of antibody. After overnight 
incubation, each slide was washed 3 times 
for 3 min each, then incubated with biotin-la-
beled goat anti-mouse IgG second antibody at 
room temperature for 10 min. Following three 
washes using PBS, samples were incubated 
with peroxidase-labeled streptavidin at room 
temperature for 10 min, washed three times, 
and incubated with diaminobenzidine (DAB) 
solution. Staining efficacy was observed under 
light microscopy, and the slides were washed as 
necessary with tap water, then counterstained 
with hematoxylin for 1 min, and washed again 
with tap water until a blue background was 
obtained. Finally, slides were dehydrated using 
an alcohol gradient (75%, 85%, 95%, 100%, 1 
min each), permeated with xylene (twice, 5 min 
each), and fixed with neutral balsam.RE
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IHC Evaluation
Immunohistochemistry was evaluated at low 

and high magnification using an Olympus BX51 
light microscope (Tokyo, Japan). Slide images 
were assessed with double-blind method and es-
timated with semi-quantitative integration. The 
staining intensity in both cytoplasm and nucleus 
was scored and stratified as follows: grade 0, no 
staining (negative); grade 1, light yellow (weak 
positive); grade 2, yellow (moderate positive); 
grade 3, yellow-brown (strong positive). The 
extent of staining was quantified by counting 
100 cells at 5 typical 400x magnification areas 
of each slide. Staining extent was scored as 
follows: 0, < 5% positive cells; 1, 5-25% posi-
tive cells; 2, 26-50% positive cells; 3, 51-75% 
positive cells; 4, 76-100% positive cells. A final 
immunoreactivity score (IRS) was obtained for 
each case by adding the intensity grade to the 
stain score. Protein expression levels were de-
fined as negative (IRS 0-1), positive (+, IRS 2-3), 
positive (++, IRS 4-5), and positive (+++, IRS 
6-7). Finally, staining was further categorized 
based on localization expression patterns into 
the following 5 groups: nuclear expression only, 
cytoplasmic expression only, nuclear expression 
greater than cytoplasmic expression, cytoplas-
mic expression greater than nuclear expression, 
and no expression. 

RNA Extraction
Thirty mg deparaffinated or fresh frozen tis-

sues were ground in liquid nitrogen, placed in 
1.5 ml RNAase-free Eppendorf (EP) tubes, sus-
pended in 300 μl lysis/binding buffer and 30 μl 
miRNA homogenate additive, vortexed, and left 
to stand on ice for 10 min. Following this, 300 
μl mixture of phenol, chloroform, and isoamyl 
alcohol (25:24:1) were added and the samples 
were vortexed 30-60 s. The aqueous phase upper 
layer was collected, 375 μl ethanol was added, 
the solution was centrifuged, and the supernatant 
was discarded. The final product was washed 2-3 
times, then centrifuged again after addition of 
100 μl 95°C preheated elution. Purity and con-
centration of total RNA were detected using an 
ultraviolet spectrophotometer.

Reverse Transcription
Total reaction volumes were 15 μl for the 

examinations of target genes and the reference 
gene U6. Reverse transcription was performed to 
generate cDNA, which was collected and stored 
at 4°C. PCR was performed on cDNA using a 

Taqman kit. Each PCR was performed in tripli-
cate. RNase-free solution was used as a negative 
control. The reaction sequence was as follows: 
initial denaturation at 95°C for 10 min, followed 
by 40 cycles of denaturation at 95°C for 15 s and 
annealing at 60°C for 60 s. 

Primer sequences were as follows: miR-133b 
upstream: 5’-UUUGGUCCCCUUC AACCAGC-
UA-3’; miR-133b downstream: 5’-UAGCUGGU-
UGAAGGGGACCAAA-3’. U6 snRNA upstream: 
5’-GTGCTCGCTTCGGCAGCACATATACTA-
AAATTGGAACGATACAGAGAA-3’; U6 
downstream: 5’-GATTAGCATGGCCCCTGC-
GCAAGGATGACACGCAAATTCGTGAAGC-
GTT CCATATTTT-3’.

Calculation of Results
Average CT values for sample replicates and 

controls were calculated for tumor tissue and 
control groups. These were then used to de-
termine group average CT values, using the 
calculation average CTtarget gene – average CTU6. 
The expression level of the tumor group relative 
to controls was based on the average ΔCT of 
each group (2−ΔΔCT=2−(ΔCTtumor-lΔCTcontrol)). Relative 
expression levels for each patient were calculat-
ed and compared with group averages in order 
to determine individual expression profile. The 
difference in expression between paraffin-em-
bedded and fresh frozen samples was compared 
using 2-ΔCT.

Follow-up
The follow-up endpoint was March 2014. Dis-

ease-free survival (DFS) was defined as the peri-
od between treatment to relapse or death occur-
ring due to any reason. Overall survival (OS) was 
defined as the period from surgically confirmed 
NSCLC to death. Losing follow-up and living 
patients were defined as censors.

Statistical Analysis
SPSS 13.0 (SPSS Inc., Chicago, IL, USA) was 

used to conduct statistical analysis. Experimental 
data are expressed as mean  ±  standard deviation. 
Student’s t-test was used to compare the mean 
between two groups. A nonparametric statistical 
test, the Wilcoxon rank sum test, was used to test 
data with unknown distribution. χ2-test was used 
for count data. Kaplan-Meier curve, log rank 
test, and Cox regression model were applied for 
survival analysis. p < 0.05 was considered statis-
tically significant.RE
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Results

HuR Protein Expression in NSCLC and 
Tumor-Adjacent Normal Tissues

Immunohistochemistry showed that HuR pro-
tein was expressed in NSCLC tissues, and that 
the pattern varied among different cell types. 
We observed that HuR was mainly expressed by 
tumor cells and mesenchymal cells, with low ex-
pression by macrophages (Figure 1). There were 
61 adenocarcinoma, 42 squamous, and 7 other 
pathological NSCLC subtype cases. The HuR 
expression positive rate in NSCLC cytoplasm 
was 61.82% (68/110), while it was 100% (110/110) 
in nuclei. In contrast, cytoplasmic HuR expres-
sion was only found in 3.64% (4/110) of control 
cases, while nuclear expression was found in 
98.18% (108/110) of cases. Therefore, cytoplas-
mic HuR expression was significantly different 
in NSCLC tissues vs. control (p=0.000), but no 
difference was observed in nuclear expression 
(Table I).

TTP Protein Expression in NSCLC and 
Tumor-Adjacent Normal Tissues

We observed TTP protein expression in both 
tumor and normal tissues (Figure 2). TTP expres-
sion was found in 35.45% (39/110) and 35.45% 
(39/110) of cytoplasmic and nuclear NSCLC cas-
es, respectively. In controls, the cytoplasmic and 
nuclear expression rates were 49.09% (54/110) and 
29.09% (32/110), respectively. Therefore, while a 
significant difference in cytoplasmic TTP expres-
sion was observed between NSCLC and normal 
tissue, no difference was observed in terms of 
nuclear expression (Table I). 

Correlation of HuR and TTP Expression 
with NSCLC Clinical Characteristics

In 110 NSCLC patients, we found that the cyto-
plasmic expression of both HuR and TTP signifi-
cantly correlated with pTNM stage (p < 0.05). No 
significant correlations with other clinical param-
eters, i.e. gender, age, tumor size, pathology type, 
were observed in this study (Table II).

MiR-133b Expression in Frozen NSCLC 
and Tumor-Adjacent Normal Tissues

In 33 fresh frozen tumor and matched normal 
tissues, the exponential transformed miR-133b 
expression level was 0.0155 ± 0.06616 in tumor 
tissues and 0.0397 ± 0.13634 in normal tissues 
(Wilcoxon rank-sum test, p = 0.033). The aver-
age CT value for miR133b was 30.82 ± 3.50 and 

that of U6 was 19.25 ± 3.96 (ΔCT: 11.57 ± 4.38) 
in tumor tissues. The corresponding values in 
normal tissues were 29.40 ± 3.16 and 20.41 ± 2.81 
(ΔCT: 9.00 ± 3.51). The expression level of miR-
133b in tumor tissues was only about 1/6 of that 
in matched normal tissues (2-ΔΔCT = 2-(11.57-9.00) ≈ 
0.168). Based on whether the expression level of 
miR133b was above 0.618-fold in the correspond-
ing normal tissue, 16 patients were classified as 
having high miR-133b expression, with 17 clas-
sified as having low expression. Similar to HuR 
and TTP, miR133b expression level also signifi-
cantly correlated with pTNM staging (Fisher ex-
act test, p = 0.032), with no significant correlation 
observed between miR133b expression and other 
clinical factors (Table III). 

MiR-133b Expression in Paraffin-Embedded 
NSCLC and Normal Tissues

To further validate the expression pattern of 
miR-133b in NSCLC, we expanded the number 
of the specimens and measured the relative ex-
pression level of miR-133b in 110 NSCLC tissues 
and 80 control lung tissues using RT-PCR. The 
exponential transformed delta CT value (2-ΔCT) 
was 0.0041 ± 0.0184 in tumor tissues vs. 0.0100 ± 
0.0266 in control tissues (Mann-Whitney U test, 
p = 0). For the expression of miR-133b, the ΔCT 
value was 12.93 ± 3.76 (miR-133b: 32.05 ± 2.81; 
U6: 19.12 ± 3.46) in tumor tissues and 10.17 ± 
3.49 (miR-133b: 32.38 ± 2.94; U6: 22.21 ± 3.63) 
in normal tissues. Similar to fresh frozen tissues, 
the expression level of miR-133b in tumor tissues 
was only 0.127 fold of that in matched normal tis-
sue (2-ΔΔCT = 2-(12.93-10.17) ≈ 0.127), which indicates 
a significant downregulation. Therefore, patients 
were classified based on this value, and 54 pa-
tients were noted to have high miR-133b expres-
sion, with another 56 having low expression. The 
miR133b expression level significantly correlated 
with pTNM staging (Fisher exact test, p = 0.015) 
and tumor size (p = 0.013). No significant correla-
tion was observed between miR133b expression 
and other clinical factors (Table IV).

NSCLC miR-133b Expression in Frozen 
and Paraffin-Embedded Tissues

To explore the effect of tissue processing on 
miR133b expression, we examined 29 patients 
who provided both paraffin-embedded and frozen 
tissue samples. The average miR133b expression 
level in frozen tumor tissue was 0.0160 ± 0.07041, 
whereas paraffin-embedded tumor tissue showed 
expression of 0.0103 ± 0.03385. Since the expres-RE
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Figure 1. HuR expression in NSCLC tissues. Immunohistochemical staining for HuR; a positive result is marked by yellow-
brown coloration. All images are 400× magnification. A, Cytoplasmic/nuclear double-positive HuR expression in lung 
squamous cell carcinoma. B, Cytoplasmic positive/nuclear negative HuR expression in lung squamous cell carcinoma. C, 
Cytoplasmic/nuclear double-positive HuR expression in lung adenocarcinoma. D, Cytoplasmic negative/nuclear positive HuR 
expression in lung adenocarcinoma. E, Cytoplasmic negative/nuclear positive HuR expression in normal alveolar epithelial 
cells. F, Cytoplasmic/nuclear double-positive HuR expression in tumor-adjacent normal tissues.RE

TR
A
CT

ED



HuR, TTP, and miR-133b expression in NSCLC and their association with prognosis

435

sion level did not follow a normal distribution, 
the rank sum test was used, with no significance 
being observed (p = 0.443 > 0.05).

 
The Correlation Between HuR, TTP, and 
miR-133b in NSCLC

Among 39 cytoplasmic TTP positive tissue 
samples, only 14 showed positive cytoplasmic 
HuR, and 4 showed downregulated miR-133b 
levels. In 71 cytoplasm TTP negative samples, 
52 were positive for cytoplasmic HuR and 52 
showed miR133b downregulation. Cytoplasmic 
HuR expression showed inverse correlations with 
TTP (p = 0.027) and miR-133b expression levels 
(p = 0.034). The positive expression of cytoplasm 
TTP showed a negative correlation with miR-
133b downregulation (p = 0.000). However, there 
was no significant correlation found between 
nuclear expression of HuR, TTP, and miR-133b 
(Table V).

Effect of Cytoplasmic HuR, TTP, and 
miR-133b Expression on NSCLC Prognosis

The median follow-up time was 20 months 
(range: 2-39 months). No significant differences 
in DFS or OS were observed between 68 cyto-
plasmic HuR positive tissues and 42 cytoplasmic 
HuR negative tissues (DFS: Log Rank p = 0.712, 
OS: Log Rank p = 0.220). However, the prog-
nosis of the positive group was slightly worse 
than that of the negative group, suggesting that 
cytoplasmic HuR expression may be an adverse 
prognostic factor for NSCLC patients (Figure 
3A-B). Similarly, we did not find any significant 
correlation in DFS (Log Rank p = 0.060) or OS 
(Log Rank p = 0.094) between 39 cytoplasmic 
TTP positive tissues and 71 cytoplasmic TTP 

negative tissues. The survival curve of cytoplas-
mic TTP positive patients was higher than that 
of the negative group, indicating TTP might be 
an anti-tumor factor (Figure 3C-D). Among 110 
NSCLC paraffin-embedded tissues, 56 showed 
miR-133b downregulation while 54 showed up-
regulation. There was significant difference in 
both DFS (Log Rank p = 0.048 < 0.05) and OS 
(Log Rank p = 0.025 < 0.05) between the dif-
ferent miR133b groups. This dysregulation of 
miR-133b in NSCLC exerted an effect on patient 
survival (Figure 3E-F).

Discussion

Lung cancer has the highest worldwide mortal-
ity among all types of malignant tumors. In Chi-
na, more than 80% NSCLC patients are already 
in the advanced stage at the time of diagnosis. 
Unfortunately, even for early stage NSCLCs, 
the 5 year survival rate is only 65 to 80% after 
standard clinical management. The reason for 
this poor prognosis is the highly aggressive and 
heterogeneous nature of NSCLC. Therefore, the 
identification of prognostic biomarkers is of great 
significance.

Human antigen R (HuR) is an RNA-binding 
protein belonging to the embryonic lethal abnor-
mal vision (ELAV) family. Its main function is 
regulating eukaryotic post-transcriptional gene 
expression modification. Evidence has shown that 
HuR participates in regulating various biological 
progresses such as proliferation, differentiation, 
invasion, apoptosis, angiogenesis, and lymphan-
giogenesis in multiple cancer types10. HuR ex-
erts its biological function via interacting with 

Table I. Comparison of HuR and TTP expression in NSCLC and tumor-adjacent normal tissues.

  NSCLC Cancer-adjacent  
 HuR/TTP expression (n = 110) normal tissues (n = 80) χ2-value p-value

Cytoplasmic Hur   82.198 0.000
Negative 42 (0.38) 106 (0.96)  
Positive 68 (0.62) 4 (0.04)  
Nuclear Hur   2.012 0.594
Negative 0 (0) 2 (0.02)  
Positive 110 (1) 108 (0.98)  
Cytoplasmic TTP   4.172 0.029
Negative 71 (0.65) 56 (0.51)  
Positive 39 (0.35) 54 (0.49)  
Nuclear TTP   0.923 0.338
Negative 71 (0.65) 78 (0.71)  
Positive 39 (0.35) 32 (0.29) 
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Figure 2. TTP expression in NSCLC tissues. Immunohistochemical staining for HuR; a positive result is marked by yellow-brown 
coloration. All images are 400× magnification. A, Cytoplasmic negative/nuclear positive TTP expression in lung squamous cell 
carcinoma. B, Cytoplasmic positive/nuclear negative TTP expression in lung squamous cell carcinoma. C, Cytoplasmic negative/
nuclear positive TTP expression in lung squamous cell carcinoma. D, Cytoplasmic/nuclear double-positive TTP expression in lung 
squamous cell carcinoma. E, Negative TTP expression in lung squamous cell carcinoma. F,-G, Cytoplasmic positive/nuclear negative 
TTP expression in alveolar epithelial cells. H, Cytoplasmic negative/nuclear positive TTP expression in alveolar epithelial cells.RE
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the 3’UTR sequence, which is rich in adenine 
and uracil (AU-rich elements; AREs), of targeted 
genes to stabilize transcription products11. Under 
normal conditions, HuR is expressed in the nu-
cleus. After certain stimuli, HuR is transported 
from the nucleus to the cytoplasm via several 
mechanisms, including binding with 3’ UTR, 
thus escaping RNAse degradation. 

Elevated cytoplasmic HuR expression has been 
reported in both atypical ductal hyperplasia and 
ductal carcinoma in situ (DCIS), and correlates 
with high differentiation and progesterone re-
ceptor negative expression12. Accordingly, Zhu et 
al13 found that high cytoplasmic HuR expression 
associates with age, cell nucleus differentiation, 
and hormone receptor positive expression. Zhang 
et al14 have shown that cytoplasm HuR expression 
in esophageal cancer was elevated and correlated 
with pathological characteristics including lym-
phatic metastasis, tumor invasion degree, and 
tumor stage. Moreover, they proved that the cyto-
plasmic HuR expression rate was an independent 
prognosis factor on patient 5-year survival rates. 

Indeed, cytoplasmic overexpression of HuR al-
so associated with high nuclear expression, and 
correlated with DFS as an independent adverse 
prognostic factor. The overexpression of nuclear 
HuR was associated with disease-related and pro-
gression-free survival15.

In this research, HuR was expressed in both 
cytoplasm and nucleus, with nuclear expression 
higher in both NSCLC and tumor-adjacent nor-
mal tissues. Indeed, while cytoplasmic HuR ex-
pression was hardly observed in normal tissues, 
it was upregulated in NSCLC. Thus, HuR may 
promote oncogenesis and tumor invasion. We 
propose that the transportation of nuclear HuR 
to the cytoplasm by certain shuttle mechanisms 
leads to changes in various mRNAs and may 
play a key role in accelerating carcinogenesis and 
NSCLC progression, whereas high nuclear HuR 
expression in NSCLC and tumor-adjacent normal 
tissues can be recycled by the nucleus after its 
function. In contrast with previous studies, no 
correlation was found between cytoplasmic HuR 
expression and the clinical characteristics. Given 

Table II. The relationship between NSCLC cytoplasmic expression of HuR and TTP and clinical pathology.

    HuR   TTP 

 Clinical factor Number Positive χ2 value p-value Positive χ2-value p-value

Gender   0.287 0.592  1.287 0.265
Male  78 50   24  
Female  32 18   15  
Age   0.112 0.732  0.046 0.829
≥ 59  57 33   21  
< 59  53 34   18  
Tumor size   0.562 0.473  1.792 0.181
≥ 5 cm  35 25    8  
< 5 cm  75 42   31  
Pathology subtype   0.208 0.917  2.283 0.318
Adenocarcinoma  61 35   27  
Squamous carcinoma  42 26   10  
Others   7  6    2  
Differentiation   0.519 0.433  2.293 0.317
Low  21 11    6  
Middle-high  89 56   33  
pTNM stage   1.932 0.018  0.265 0.012
I  46 21   25  
II-IV  64 46   14  
Lymphatic metastasis   0.167 0.712  3.273 0.072
Yes 46 31   10  
No 64 36   29  
Distant metastasis   0.183 0.672  1.281 0.292
Yes   8  3    5  
No 102 64   34  
Invasive depth   0.102 0.758  0.736 0.382
T1+T2  86 51   33  
T3+T4  24 16    6  
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Table III. The relationship between miR-133b expression in frozen NSCLC tissues and clinical characteristics.

                                   miR-133b

 Clinical characteristics Number Low-expression High-expression p-value

Gender    0.683
Male 25 13 12 
Female  8  3  5 
Age    0.723
≥ 59 15  8  7 
< 59 18  8 10 
Tumor size    0.156
≥ 5 cm 12  8  4 
< 5 cm 21  8 13 
Pathological subtype    1
Adenocarcinoma 23 11 12 
Squamous carcinoma  9  5  4 
Others  1  0  1 
Differentiation    1
Low  8  3  4 
Middle-high 25 13 13 
pTNM stage    0.032
I 13  3 10 
II-IV 20 13  7 
Lymphatic metastasis    0.295
Yes 13  8  5 
No 20  8 12 
Distant metastasis    0.473
Yes  1  1  0 
No 32 15 17 
Invasive depth    0.438
T1+T2 25 11 14 
T3+T4  8  5  3 

Table IV. Correlation between miR-133b expression in paraffin NSCLC specimens and clinical characteristics.

                                miR-133b  

 Clinical factors Number Low-expression High-expression χ2 value p-value

Tumor size    6.492 0.015
≥ 5 cm  35 24 11  
< 5 cm  75 32 43  
Pathological subtype    5.617 0.062
Adenocarcinoma  61 25 36  
Squamous carcinoma  42 26 16  
Others   7  5  2  
Differentiation    0.022 0.013
Low  21 11 10  
Middle-high  89 45 44  
pTNM stage    2.506 0.114
I  46 17 29  
II-IV  64 39 25  
Lymphatic metastasis    0.13 0.245
Yes  46 27 19  
No  64 29 35  
Distant metastasis    1.334 0.718
Yes   8  2  6  
No 102 54 48  
Invasive depth    0.013 0.438
T1+T2  86 43 43  
T3+T4  24 13 11  RE
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the limited sample size employed (110 patients) 
and interpatient variability, further investigations 
where specimen number and statistical analy-
sis are amplified, are required. TTP is usually 
expressed at low levels in the nucleus. Howev-
er, upon environmental stimulation, TTP also 
shuttles from the nucleus to the cytoplasm with 
the involvement of the nuclear export sequence 
(NES), a two zinc finger structure in the amino 
acid terminus. In malignant cancer, TTP ex-
pression is downregulated, leading to increased 
transcription stability and matrix metalloprotein-
ase 9 (MMP9), MMP2, and interleukin-6 (IL-6) 
levels, and thus promoting tumor invasiveness 
and metastasis16. The proviral integration site 
for Moloney murine leukemia virus 1 (Pim-1), a 
serine-threonine kinase with oncogenic effects, 
is upregulated in a variety of human tumors. It 
has been shown that TTP plays a crucial role 
in modulating the stability of Pim-1 mRNA. 
Cell proliferation was inhibited by TTP-induced 
degradation of Pim-1, which in turn confers an 
anti-tumor effect17. In this work, a significant 
correlation between cytoplasmic TTP expression 
and clinical pathological characteristics was not 
observed. Among the 39 TTP positive NSCLC 
samples, 25 were stage I, while only 14 were stag-
es II-IV. This indicated that TTP expression was 
higher during early stages of NSCLC, suggest-
ing the protective effect of TTP against tumors. 
miR-133b is located in the sixth chromosome 
(6P12.2) and was first found in skeletal muscle. 
It was considered a muscle specific miRNA that 
participated in skeletal muscle development. In 
addition, it participates in the development of car-
diac muscle, and its ectopic expression was ob-
served during myocardial hypertrophy and heart 
failure4. Moreover, it can affect the nervous sys-
tem, such as the growth of astrocyte and axons, 

causing nervous system diseases5. miR-133b, like 
many microRNAs, has been observed to be ecto-
pically expressed in a great diversity of cancers. 
It has been shown to serve as a pro-tumor factor 
in cervical cancer, promoting tumor development 
and metastasis through the AKT and ERK sig-
naling pathway6. In addition, down regulation of 
miR-133b was observed in rectal cancer, head and 
neck squamous cell carcinoma (HNSCC), gastro-
intestinal stromal tumor (GIST), gastric cancer, 
prostate cancer, bladder cancer, osteosarcoma, 
lung cancer, and other malignant tumors. Based 
on these studies, miR-133b is likely a tumor 
suppressor, but the mechanism is still unknown. 
There are limited studies regarding miR-133b 
in lung cancer. We showed that the expression 
of miR-133b in NSCLC is lower than in healthy 
controls, which also indicates that miR-133b is a 
tumor suppressor. We found that the expression 
of miR-133b was associated with pTNM stage, 
suggesting miR-133b was involved in NSCLC 
metastasis. However, inconsistent results were 
observed in paraffin-embedded specimens. Since 
xylene and other dyes are capable of damaging 
nucleic acid structures, miR-133b may have been 
partially degraded in paraffin-embedded sam-
ples. We concluded that the effective detection 
miR-133b in paraffin-embedded specimens was 
time-dependent, and that miR-133b may affect 
the oncogenesis, progression, and metastasis of 
NSCLC. 

Multiple studies have indicated that HuR and 
TTP target the same gene with opposing ef-
fects. Al-Ahmadi et al18 have shown that HuR 
overexpression increases gene stability two-fold 
greater than TTP degradation. In tumor tissues, 
the relative ratio of TTP and HuR mRNA is 
significantly different compared to normal tis-
sues. Both RNA binding proteins and microR-

Table V. Correlation of cytoplasm HuR, TTP, and miR-133b expression.

   Cytoplasmic HuR positive  miR-133b expression

 Number Positive χ2 value p-value Positive χ2-value p-value

Cytoplasmic TTP   4.443 0.027  15.497 0.000
Positive 39 14   4  
Negative 71 54   52  
Cytoplasmic HuR   2.837 0.108  0.792 0.372
Negative 42 25   16  
Positive 68 43   40  
miR-133b expression   4.492 0.034   
Low-expression 56 46     
High-expression 54 22     
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Figure 3. The correlation between miR-133b, cytoplasmic HuR, and cytoplasmic TTP with prognosis. A,-B, No significant 
correlation of DFS (Log Rank p = 0.712) and OS (Log Rank p = 0.220) was found between 68 cytoplasmic HuR positive and 
42 negative tissues. C,-D, No significant correlation of DFS (Log Rank p = 0.060) and OS (Log Rank p = 0.094) was found 
between 39 cytoplasmic TTP positive and 71 negative tissues. E,-F, There were significant correlations between miR-133b 
expression and DFC (Log Rank p = 0.048 < 0.05) and OS (Log Rank p = 0.025 < 0.05), based on the analysis of 56 miR-133b 
downregulated and 54 upregulated tissues.RE
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NAs can co-regulate mRNA by acting on the 
3’UTR of the target mRNA, while the effect of 
HuR can be increased by interacting with other 
miRNAs19. Many studies have shown that HuR, 
TTP, and microRNAs have a close relationship, 
and can influence diverse malignant tumor phe-
notypes via synergy or antagonism. Similarly, 
there is a significant correlation between cyto-
plasmic HuR, TTP, and miR-133b expression 
levels. Low miR-133b, high cytoplasmic HuR, 
and low cytoplasmic TTP levels all play key 
roles in the progression of NSCLC. However, the 
specific mechanism still needs further investiga-
tion. Based on our findings, DFC and OS were 
affected by the expression of miR-133b. The 
downregulation of miR-133b shortened patient 
DFC and OS. No significant association between 
HuR and TTP with prognosis was observed. 
This may be due to a relatively short follow-up 
period and many excluded cases in our study 
population. Our results match our hypothesis 
that miR-133b expression in NSCLC was down-
regulated, and that most patients presented high 
cytoplasm HuR and low or absent cytoplasmic 
TTP levels. There was a significant correlation 
between miR-133b, HuR, and TTP levels, with 
cytoplasmic HuR expression negatively correlat-
ed with miR-133b, and TTP levels and miR-133b 
expression, which positively correlated cyto-
plasmic TTP levels.

Conclusions

We suggest miR-133b promotes oncogenesis, 
development, and metastasis by interactions with 
HuR and TTP. In the future, we will conduct in 
vitro experiments to investigate the behavior of 
miR-133b, HuR, and TTP, and explore their inter-
actions and their underlining mechanisms.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

 1) Xu FX, Zhang YL, Liu JJ, Zhang DD, Chen hB. Hy-
poxic markers in non-small cell lung cancer (NS-
CLC) - a review. Eur Rev Med Pharmacol Sci 
2016; 20: 849-852.

 2) eL-Chaar nn, PiCCoLo Sr, BouCher KM, Cohen aL, 
Chang JT, MooS PJ, BiLD ah. Genomic classifica-

tion of the RAS network identifies a personalized 
treatment strategy for lung cancer. Mol Oncol 
2014; 8: 1339-1354.

 3) Sun SJ, Lin Q, Ma JX, Shi WW, Yang B, Li F. Long 
non-coding RNA NEAT1 acts as oncogene in 
NSCLC by regulating the Wnt signaling pathway. 
Eur Rev Med Pharmacol Sci 2017; 21: 504-510.

 4) PiKor La, LoCKWooD WW, Thu KL, VuCiC ea, Chari 
r, gaZDar aF, LaM S, LaM WL. YEATS4 is a novel 
oncogene amplified in non-small cell lung cancer 
that regulates the p53 pathway. Cancer Res 2013; 
73: 7301-7312.

 5) LuKong Ke, Chang KW, KhanDJian eW, riCharD S. 
RNA-binding proteins in human genetic disease. 
Trends Genet 2008; 24: 416-425.

 6) hu Z, Chen X, Zhao Y, Tian T, Jin g, Shu Y, Chen Y, 
Xu L, Zen K, Zhang C, Shen h. Serum microRNA 
signatures identified in a genome-wide serum mi-
croRNA expression profiling predict survival of 
non-small-cell lung cancer. J Clin Oncol 2010; 28: 
1721-1726.

 7) iaDeVaia V, gerBer aP. Combinatorial control of mR-
NA fates by RNA-binding proteins and non-cod-
ing RNAs. Biomolecules 2015; 5: 2207-2222.

 8) hu g, Chen D, Li X, Yang K, Wang h, Wu W. MiR-
133b regulates the MET proto-oncogene and 
inhibits the growth of colorectal cancer cells 
in vitro and in vivo. Cancer Biol Ther 2010; 10: 
190-197.

 9) Qin W, Dong P, Ma C, MiTCheLSon K, Deng T, Zhang 
L, Sun Y, Feng X, Ding Y, Lu X, he J, Wen h, Cheng 
J. MicroRNA-133b is a key promoter of cervical 
carcinoma development through the activation of 
the ERK and AKT1 pathways. Oncogene 2012; 
31: 4067-4075.

10) Wang J, Wang B, Bi J, Zhang C. Cytoplasmic HuR 
expression correlates with angiogenesis, lymph-
angiogenesis, and poor outcome in lung cancer. 
Med Oncol 2011; 28 Suppl 1: S577-S585.

11) noVeLLo C, PaZZagLia L, CingoLani C, ConTi a, QuaT-
Trini i, Manara MC, Tognon M, PiCCi P, BenaSSi MS. 
MiRNA expression profile in human osteosarco-
ma: Role of miR-1 and miR-133b in proliferation 
and cell cycle control. Int J Oncol 2013; 42: 667-
675.

12) heinonen M, heMMeS a, SaLMenKiVi K, aBDeLMohSen 
K, ViLen ST, LaaKSo M, LeiDeniuS M, SaLo T, hauTa-
nieMi S, goroSPe M, heiKKiLa P, hagLunD C, riSTiMaKi 
a. Role of RNA binding protein HuR in ductal car-
cinoma in situ of the breast. J Pathol 2011; 224: 
529-539.

13) Zhu Z, Wang B, Bi J, Zhang C, guo Y, Chu h, Liang 
X, Zhong C, Wang J. Cytoplasmic HuR expression 
correlates with P-gp, HER-2 positivity, and poor 
outcome in breast cancer. Tumour Biol 2013; 34: 
2299-2308.

14) Zhang C, Xue g, Bi J, geng M, Chu h, guan Y, Wang 
J, Wang B. Cytoplasmic expression of the ELAV-
like protein HuR as a potential prognostic marker 
in esophageal squamous cell carcinoma. Tumour 
Biol 2014; 35: 73-80.RE

TR
A
CT

ED



L. Qian, A.-H. Ji, W.-J. Zhang, N. Zhao

442

15) LaurioLa L, granone P, raMeLLa S, LanZa P, raneLLeT-
Ti Fo. Expression of the RNA-binding protein HuR 
and its clinical significance in human stage I and 
II lung adenocarcinoma. Histol Histopathol 2012; 
27: 617-626.

16) Van TuBergen ea, BanerJee r, Liu M, VanDer Br, 
LighT e, Kuo S, FeinBerg Se, WiLLiS aL, WoLF g, CareY 
T, BraDForD C, PrinCe M, WorDen FP, KirKWooD KL, 
D’SiLVa nJ. Inactivation or loss of TTP promotes 
invasion in head and neck cancer via transcript 
stabilization and secretion of MMP9, MMP2, and 
IL-6. Clin Cancer Res 2013; 19: 1169-1179.

17) KiM hK, KiM CW, Vo MT, Lee hh, Lee JY, Yoon 
na, Lee CY, Moon Ch, Min YJ, ParK JW, Cho 

WJ. Expression of proviral integration site for 
Moloney murine leukemia virus 1 (Pim-1) is 
post-transcriptionally regulated by tristetrapro-
lin in cancer cells. J Biol Chem 2012; 287: 
28770-28778.

18) aL-ahMaDi W, aL-ghaMDi M, aL-SouhiBani n, 
KhaBar KS. MiR-29a inhibition normalizes HuR 
over-expression and aberrant AU-rich mRNA 
stability in invasive cancer. J Pathol 2013; 230: 
28-38.

19) MeiSner nC, FiLiPoWiCZ W. Properties of the reg-
ulatory RNA-binding protein HuR and its role in 
controlling miRNA repression. Adv Exp Med Biol 
2011; 700: 106-123.

RE
TR

A
CT

ED




