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Circulating microRNA-34 family low expression correlates with
poor prognosis in patients with non-small cell lung cancer
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Background: To evaluate the association of plasma miR-34a/b/c expressions with the clinicopathological
properties and the prognosis in non-small cell lung cancer (NSCLC) patients.

Methods: A total of 196 NSCLC patients were recruited in the study. Plasma sample and tumor tissue
sample were collected. Total RNA was extracted from plasma and tissue samples, and microR-34a/b/c
expression was evaluated by real-time polymerase chain reaction (PCR).

Results: MiR-34a and miR-34c in plasma were positively associated with that in tumor tissue (P<0.001 and
P=0.001, respectively). Plasma miR-34a expression was negatively correlated with lymph node metastasis
(P=0.002), also tissue miR-34a expression was negatively associated with lymph node metastasis (P=0.018).
Furthermore, plasma miR-34a high expression was correlated with prolonged disease-free survival (DFS)
(P=0.011) and overall survival (OS) (P=0.011) compared to low expression, and plasma miR-34c high
expression could predict longer DFS (P=0.038) than low expression, while no correlation of plasma miR-34b
with DFS and OS was discovered. In terms of tissue sample, worse DFS was associated with miR-34a (P=0.002)
and miR-34c (P=0.032) low expressions compared with high expressions, and miR-34a (P<0.001), as well as
miR-34c¢ (P=0.003) high expressions were associated with longer OS than low expressions. Plasma miR-34a
was correlated with prolonged DFS and OS in univariate Cox model, while it could not independently predict
DFS and OS of NSCLC patients in multivariate Cox model.

Conclusions: In conclusion, circulating miR-34a and miR-34c might be served as novel prognostic
biomarkers in NSCLC patients.
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Introduction patients, 5-year overall survival (OS) rate is still low at

Non-small cell lung cancer (NSCLC), one of histological approximate 15% (4,5), One of the possible reasons is

types of lung cancer (ratio at 85:100), is divided into three the lack of specific biomarkers at the early stage. Thus,

subtypes, consisting of adenocarcinoma, squamous-cell
carcinoma and large-cell carcinoma (1-3). Although multiple
and optimal treatments, including surgery, chemotherapies
and radiotherapies, have been widely utilized in NSCLC
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exploring precise biomarkers related to clinicopathological
features and the prognosis for NSCLC is greatly needed to
monitor the progress in NSCLC patients.

MicroRNAs (miRNAs), a great family with small non-
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coding RNA molecules at length about 19 to 24 nucleotides,
have established their value into multiple pathological
processes, including cell proliferation, cell apoptosis and cell
differentiation, through the post-transcriptional regulation
of genes expression (6-8). Accumulating evidences disclose
that several miRNAs act as important biomarkers for the
diagnosis and prognosis of various cancers, such as NSCLC,
pancreatic cancer and colorectal cancer (9-11).

MiR-34 family consists of three members, including
miR-34a with own coding transcript (sited on chromosome 1),
and miR-34b/c with a shared primary transcript (sited on
chromosome 11) (12). Dysregulated expressions of miR-34
are observed in some carcinomas, such as colorectal cancer,
breast cancer or even lung cancer (13-15). Particularly,
aberrant miR-34b/c expressions have been reported to
involve into the prognosis of small cell lung cancer (SCLC)
and it could be a potential therapeutic target in SCLC
patients (16). However, little is known about the effects of
miR-34 expression in NSCLC. Therefore, the purpose of
this study was to evaluate the association of plasma miR-
34a/b/c expressions with the clinicopathological properties
and the prognosis in NSCLC patients.

Methods
Participants

A total of 196 NSCLC patients were enrolled from
2010/04/01 to 2012/03/31 at the Department of Thoracic
Surgery, The Central Hospital of Wuhan, Tongji Medical
College, Huazhong University of Science and Technology.
All patients received a complete resection and didn’t receive
any preoperative adjuvant therapy as well as underwent
thoracic surgery with age above 18 years, and the diagnosis
of NSCLC was determined according to clinical features,
radiological examination and pathological confirmation.
Patients with other tumor history or malignant hematological
disease history, or complicated with other lung diseases such
as chronic obstructive pulmonary disease (COPD), lung
infection and so on were excluded. All patients provided
written informed consents and this study was approved by
the Ethics Committee of The Central Hospital of Wuhan,
Tongji Medical College, Huazhong University of Science
and Technology (No. 20100213015) and was consistent with
the principles outlined in the Declaration of Helsinki.

Samples

Plasma samples were collected from all patients post surgery
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and before any other treatments performed including
chemotherapy, radiotherapy, immunotherapy and so on.
Tissue samples from the tumoral area were also obtained
during the surgery.

RNA extraction and real-time PCR

Total RNA was extracted from plasma and tissue samples
by Trizol Reagent (Takara, Japan), and evaluated by
the spectrophotometer for concentration and purity of
the RNA. RNA was subsequently subjected to reverse
transcription with the PrimeScript real-time reagent kit
(Takara, Japan) and quantitative analysis of miR-34a/b/c
expressions were detected by SYBR Premix Ex Taq™ II
(Takara, Japan). All determination was carried out according
to the instructions of manufacturers. Levels of miR-34/a/b/c
expression were subsequently calculated utilizing the 27%“
method and U6 was served as the internal reference.

Assessments and follow-ups

Demographic, pathological and clinical features were
collected for all patients. All tumours were staged in
accordance with the 7th edition of the American Joint
Committee on Cancer (AJCC) cancer staging manual. The
last follow-up date was 2016/08/31, and the median follow-up
time was 56 months. OS and disease-free survival (DFS)
were defined from the surgery to time of death from any
cause and time of documented local or distant recurrence of
initial cancer, respectively.

Statistics

Statistics was performed using SPSS 22.0 IBM, USA) and
2010 office software (Microsoft, USA). Data was shown
as mean value = standard deviation, median value (25th—
75th quarter), or counts (with or without percentage).
Comparison was determined by Wilcoxon rank sum test or
Kruskal-Wallis H rank sum test. Kaplan-Meier curves were
drawn for DFS and OS, and compared by log-rank test.
P<0.05 was considered as statistically significant.

Results
Characteristics

Median value of age was 58.0 (range, 27.0-82.0) years in
a total of 196 NSCLC patients, the numbers of male and
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Table 1 Demographic, clinical and pathological characteristics of
NSCLC patients at baseline

Parameters NSCLC patients (n=196)

Age (years) 58.0 (range, 27.0-82.0)

Gender (male/female) 118/78
Histology [n (%)]

Adenocarcinoma 87 (44.4)

Squamous cell carcinoma 96 (49.0)

Others 13 (6.6)
Pathological grade [n (%)]

Poor differentiation 52 (26.5)

Moderate differentiation 97 (49.5)

Well differentiation 47 (24.0)
Tumor size [n (%)]

>5cm 80 (40.8)

<5cm 116 (59.2)
Lymph node metastasis [n (%)]

Positive 76 (38.8)

Negative 120 (61.2)
TNM stage [n (%)]

Stage | 65 (33.2)

Stage Il 68 (34.7)

Stage Il 63 (32.1)

Plasma miRNAs expressions

Plasma miR-34a 0.632 (0.428-0.866)
Plasma miR-34b 0.786 (0.480-1.008)
Plasma miR-34c 0.342 (0.270-0.426)
Tumor tissue MiRNAs expressions

Tumor tissue miR-34a 1.323 (0.750-2.204)
Tumor tissue miR-34b 1.092 (0.537-1.849)

Tumor tissue miR-34c 0.682 (0.304-0.949)

Data were presented as mean value + standard deviation,
median value (25th-75th quarter), or counts (with or without
percentage). Age was presented as median value (range).
NSCLC, non-small cell lung cancer.

female were 118 and 78, respectively (Table I). Additionally,
there were 87 (44.4%) patients with adenocarcinoma,
96 (49.0%) patients with squamous cell carcinoma, and
others were 13 (6.6%). According to pathological grade, the
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numbers of NSCLC patients with poor, moderate and well
differentiation were 52 (26.5%), 97 (49.5%) and 47 (24.0%),
respectively. In plasma sample, the median values of
miR-34a/b/c expressions were observed to be 0.632
(0.428-0.866), 0.786 (0.480-1.008) and 0.342 (0.270-0.426),
while the median levels of tumor tissue miR-34a/b/c
expressions were 1.323 (0.750-2.204), 1.092 (0.537-1.849)
and 0.682 (0.304-0.949), respectively. Other clinical and
pathological characteristics of NSCLC patients were
presented in Table 1.

Correlation between miR-34a/b/c expressions in plasma
and in tumor tissues

Correlation between miR-34a/b/c expressions in plasma
and tumor tissues was analyzed in Figure 1. MiR-34a and
miR-34c levels in plasma were positively associated with
that in tumor tissues (P<0.001 and P=0.001, respectively).
However, no correlation of miR-34b in plasma with that
in tumor tissues was found in this study (P=0.068). These
indicated that miR-34a/c expressions have great consistency
between plasma and tumor tissues.

Comparison of plasma miR-34a/b/c expressions between
subgroups divided by clinicopathological features

Wilcoxon rank sum test or Kruskal-Wallis H rank sum
test were used to compare plasma miR-34a/b/c expressions
between subgroups divided by clinicopathological features
(Table 2). Plasma miR-34a expression was negatively
correlated with lymph node metastasis (P=0.002). Possible
correlations of plasma miR-34a with TNM stage (P=0.068),
plasma miR-34b with lymph node metastasis (P=0.054) and
plasma miR-34c with histology (P=0.064) were found but
without statistical significance. No difference of plasma
miR-34a/b/c expressions between subgroups divided by
other clinicopathological features was observed in Table 2.

Comparison of tumor tissue miR-34a/b/c expressions
between subgroups divided by clinicopathological features

In terms of tumor tissue sample, miR-34a expression was
negatively associated with lymph node metastasis (P=0.018)
(Table 3). MiR-34a expression seemed to be negatively
correlated with TNM stage (P=0.096), and miR-34c
expression was likely to be associated with age (=60 years)
(P=0.092), gender (female) (P=0.064), negative lymph node
metastasis (P=0.097) but without statistical significance.
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Figure 1 Correlation between miR-34a/b/c expressions in plasma and in tumor tissues. (A) Correlation between miR-34a expressions in

plasma and in tumor tissues; (B) correlation between miR-34b expressions in plasma and in tumor tissues; (C) correlation between miR-34¢

expressions in plasma and in tumor tissues. Spearman test was used to analyse the correlation of miR-34a/b/c expression in plasma with that

in tumor tissues. P<0.05 was considered significant.

No difference of plasma miR-34a/b/c expressions between
subgroups divided by other clinicopathological features was
presented in Table 3.

Association of plasma and tumor tissue miR-34a/b/c levels
with DFS and OS

In the current study, we divided all patients into patients with
miRNA-34a/b/c high expression and patients with miRNA-
34a/b/c low expression subgroups based on their median
value. Among these, plasma miR-34a high expression and
miR-34a low expression were divided by the median value of
0.632, plasma miR-34b high expression and low expression
were divided by the median value of 0.786, and plasma
miR-34c high expression and low expression were divided
by the median value of 0.342. As to tumor tissue, miR-34a
high expression and low expression were divided by the
median value of 1.323, tissue miR-34b high expression and
low expression were divided by the median value of 0.786,
and tissue miR-34c¢ high expression and low expression
were divided by the median value of 0.682. Kaplan-Meier
curves suggested that plasma miR-34a (P=0.011, Figure 2A4)
and miR-34c¢ (P=0.038, Figure 2B) high expression were
correlated with prolonged DFS compared to low expression.
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Regarding tumor tissue, worse DFS was observed in patients
with miR-34a (P=0.002, Figure 2C) low expression compared
with high expression. Similarly, low miR-34c expression was
correlated with shorter DFS (P=0.032, Figure 2D), while there
was no difference of miR-34b high and low expression with
DES in plasma sample (P=0.302, Figure 2E) and tissue sample
(P=0.134, Figure 2).

In addition, NSCLC patients with high expression of plasma
miR-34a (P=0.011, Figure3A) or plasma miR-34c (P=0.064,
Figure 3B) were observed in longer OS than that with low
expression . Furthermore, tissue miR-34a (P<0.001, Figure 3C)
and miR-34c (P=0.003, Figure 3D) higher expressions were
correlated with longer OS. However, miR-34b high expression
on OS was not different in low expression in both plasma sample
(P=0.199, Figure 3E) and tissue sample (P=0.109, Figure 3F).
Therefore, these results suggested that tumor tissue miR-34
expression was of better value in predicting prognosis
compared with plasma expression, while the plasma miR-34a
and miR-34c expression may be regarded as less invasive
biomarkers for survival in some extent.

Cox regression analysis of the factors affecting DFS
All factors affecting DFS in NSCLC patients were analysed
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Table 2 Comparison of plasma miR-34a/b/c expressions between subgroups divided by clinicopathological features

Plasma miR-34a Plasma miR-34b Plasma miR-34c

Parameters

Expression P value Expression P value Expression P value

Age (years) 0.444 0.668 0.574
>60 0.622 (0.431-0.806) 0.816 (0.474-1.011) 0.333 (0.264-0.414)
<60 0.661 (0.428-0.906) 0.771 (0.482-0.985) 0.349 (0.278-0.433)

Gender 0.479 0.910 0.534
Male 0.610 (0.428-0.836) 0.806 (0.470-1.005) 0.336 (0.253-0.414)

Female 0.658 (0.431-0.927) 0.732 (0.529-1.017) 0.349 (0.279-0.445)

Histology 0.611 0.986 0.064
Adenocarcinoma 0.616 (0.451-0.791) 0.796 (0.443-1.011) 0.334(0.264-0.420)
Squamous cell carcinoma 0.679 (0.427-0.904) 0.788 (0.499-1.016) 0.337 (0.245-0.415)

Others 0.606 (0.348-0.983) 0.733 (0.602-0.919) 0.379 (0.362-0.452)

Pathological grade 0.360 0.191 0.253
Poor differentiation 0.620 (0.375-0.817) 0.744 (0.420-1.032) 0.339 (0.267-0.398)

Moderate differentiation 0.649 (0.448-0.910) 0.764 (0.471-0.938) 0.354 (0.280-0.461)
Well differentiation 0.626 (0.439-0.801) 0.876 (0.620-1.033) 0.329 (0.246-0.398)

Tumor size 0.273 0.321 0.804
>5cm 0.616 (0.394-0.819) 0.836 (0.622—1.008) 0.353 (0.281-0.403)
<5cm 0.648 (0.453-0.900) 0.706 (0.464-1.008) 0.334 (0.257-0.431)

Lymph node metastasis 0.002 0.054 0.373
Positive 0.549 (0.365-0.733) 0.710 (0.427-0.898) 0.330 (0.265-0.394)

Negative 0.706 (0.480-0.913) 0.821 (0.560-1.032) 0.349 (0.277-0.445)

TNM stage 0.068 0.315 0.477
Stage | 0.697 (0.515-0.868) 0.806 (0.510-1.024) 0.333 (0.249-0.409)

Stage Il 0.621 (0.427-0.933) 0.783 (0.611-1.030) 0.352 (0.280-0.447)
Stage IlI 0.556 (0.387-0.740) 0.711 (0.432-0.927) 0.348 (0.246-0.394)

Comparison was determined by Wilcoxon rank sum test or Kruskal-Wallis H rank sum test. P value <0.05 was considered as statistically

significant.

in univariate Cox proportional hazard regression, as
presented in 7able 4, which suggested that plasma miR-34a
high expression (P=0.013), plasma miR-34c high expression
(P=0.042), tissue miR-34a high expression (P=0.002) and
tissue miR-34c¢ high expression (P=0.036) were correlated
with better DFS, while poor differentiation (P=0.001),
tumor size 25 cm (0.024), lymph node metastasis (P<0.001)
and TNM stage (P=0.002) were negatively associate with
DFS. Multivariate analysis was performed to further evaluate
all factors with a P value <0.1 in univariate analysis. Tissue
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miR-34a high expression (P=0.050) was an independent
predictive role in better DFS, while poor differentiation
(P=0.002) and lymph node metastasis (P<0.001) could
independently predict worse DFS in NSCLC patients.

Cox regression analysis of the factors affecting OS

Univariate analysis was used to analyze the factors
affecting OS in NSCLC patients, which disclosed
that plasma miR-34a high expression (P=0.013), tissue
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Table 3 Comparison of tumor tissue miR-34a/b/c expressions between subgroups divided by clinicopathological features

Tissue miR-34a

Tissue miR-34b

Tissue miR-34c

Parameters
Expression P value Expression P value Expression P value

Age (years) 0.651 0.809 0.092
>60 1.417 (0.757-2.208) 1.029 (0.537-1.828) 0.755 (0.335-1.036)
<60 1.238 (0.733-2.213) 1.191 (0.510-1.922) 0.602 (0.273-0.901)

Gender 0.462 0.254 0.064
Male 1.253 (0.704-2.197) 1.191 (0.580-1.874) 0.591 (0.228-0.909)

Female 1.492 (0.860-2.213) 0.936 (0.463-1.782) 0.744 (0.459-1.025)

Histology 0.532 0.740 0.335
Adenocarcinoma 1.323 (0.757-2.159) 1.029 (0.537-1.793) 0.755 (0.335-1.036)
Squamous cell carcinoma  1.232 (0.695-2.223) 1.179 (0.562-1.993) 0.583 (0.270-0.914)

Others 1.738 (0.862-2.924) 1.203 (0.288-2.040) 0.731 (0.397-0.886)

Pathological grade 0.966 0.843 0.531
Poor differentiation 1.271 (0.678-2.240) 1.130 (0.490-1.680) 0.570 (0.251-0.937)

Moderate differentiation 1.545 (0.753-2.173) 1.065 (0.551-1.957) 0.690 (0.313-0.951)
Well differentiation 1.243 (0.756-0.223) 1.049 (0.521-2.057) 0.762 (0.488-0.964)

Tumor size 0.280 0.263 0.175
>5cm 1.141 (0.662-2.191) 0.978 (0.516-1.810) 0.638 (0.230-0.904)
<5cm 1.526 (0.787-2.252) 1.191 (0.549-1.946) 0.697 (0.360-0.984)

Lymph node metastasis 0.018 0.632 0.097
Positive 1.087 (0.585-1.888) 0.978 (0.540-1.798) 0.594 (0.178-0.951)

Negative 1.580 (0.855-2.429) 1.191 (0.537-1.946) 0.707 (0.445-0.945)

TNM stage 0.096 0.555 0.438
Stage | 1.400 (0.796-2.315) 1.305 (0.539-2.078) 0.703 (0.446-0.977)

Stage Il 1.667 (0.943-2.232) 0.941 (0.441-1.798) 0.689 (0.307-0.914)
Stage IlI 0.991 (0.571-2.031) 1.049 (0.583-1.769) 0.590 (0.184-0.969)

Comparison was determined by Wilcoxon rank sum test or Kruskal-Wallis H rank sum test. P value <0.05 was considered as statistically

significant.

miR-34a high expression (P<0.001) and tissue miR-
34c high expression (P=0.003) were correlated with
prolonged OS, while poor differentiation (P=0.004),
tumor size 25 cm (P=0.001), lymph node metastasis
(P<0.001) and TNM stage (P=0.002) were negatively
associated with OS (Table 5). All factors with a
P value <0.1 were subsequently evaluated with multivariate
analysis. Tissue miR-34a high expression (P=0.002)
and tissue miR-34c high expression (P=0.007) could
independently predict better OS, while poor differentiation
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(P=0.008) and lymph node metastasis (P<0.001) could be
independently risk factors of OS in patients with NSCLC.

Discussion

In the present study, we found that miR-34a/c expressions
in the plasma were positively correlated with that in tumor
tissue. Meanwhile, the plasma miR-34a expression and
tumor tissue miR-34c expression were inversely associated
with lymph node metastasis. Furthermore, miR-34a/c high
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Figure 2 Association of plasma and tumor tissue miR-34a/b/c levels with DFS. (A) Association of miR-34a with DFS in plasma sample; (B)

association of miR-34¢ with DFS in plasma sample; (C) association of miR-34a with DFS in tumor tissue sample; (D) association of miR-34¢

with DFS in tumor tissue sample; (E) association of miR-34b with DFS in plasma sample; (F) association of miR-34b with DFS in tumor

tissue sample. Kaplan-Meier curves and log-rank test were used to evaluate the correlation of plasma and tumor tissue miR-34a/b/c levels

with DFS. P<0.05 was considered significant. DFS, disease-free survival.

expression in plasma and tumor tissue were both correlated
with prolonged survival.

NSCLC, a heterogeneous disease with high morbidity
and mortality (17), has been identified to arise from cancer
cell proliferation and tumor capillaries development by
multiple molecular abnormalities (18), such as anaplastic
lymphoma kinase (ALK) gene abnormality through the
produce of echinoderm microtubule associated protein
like-4 gene-ALK (EML4-ALK) fusion transcript (19), and
the epidermal growth factor receptor (EGFR) mutation,
such as insertion mutations in exon 20 as well as exon 21,
and so on (17,20). MiRNAs, as a single-stranded RNAs,
inhibited the target genes and protein expression by binding
to the 3'-untranslated regions (3'-UTRs) directly (21). A

large amount of evidence has been identified that aberrant
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miRNAs expressions play critical roles in tumorigenesis,
affecting the prognosis of cancer (6). For example,
microRNA-520e regulate the target Zbtb7a-mediated Wnt
signalling pathway, leading to the suppression of NSCLC
cell growth (22). Additionally, endogenous miR-424 low
expression serves as an effective repressor in NSCLC
through the suppression of tumor cell proliferation and
Gl1 to S phase cell-cycle transition (23). Therefore, several
miRNAs have been identified to be associated with the
pathologic process of NSCLC.

The homology of miR-34 family is located in 2-9 base
pairs towards the 5' terminus of the mature miRNA
sequence (12). Although miRNAs usually appear abnormal
expression in tumor tissue sample, miRNAs expression in
blood also dysregulated gradually, which could follow with
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Figure 3 Association of plasma and tumor tissue miR-34a/b/c levels with OS. (A) Association of miR-34a with OS in plasma sample; (B)

association of miR-34a with OS in tumor tissue sample; (C) association of miR-34c with OS in plasma sample; (D) association of miR-34¢

with OS in tumor tissue sample; (E) association of miR-34b with OS in plasma sample; (F) association of miR-34b with OS in tumor tissue

sample. Kaplan-Meier curves and log-rank test were used to evaluate the correlation of plasma and tumor tissue miR-34a/b/c levels with OS,

and compared by log-rank test. P<0.05 was considered significant. OS, overall survival.

blood circulation possibly due to tumor cell migration and
invasion (24,25). Meanwhile, tissue biopsy, as a precise tool
for diagnosis and tumor classification, still exists high risk
of infection or haemorrhage by invasion, while the plasma
sample, with non-invasions and easily obtained feature,
is of more feasibility (26). Thus, our study extracted the
plasma sample, and evaluated the correlation between
miR-34a/b/c expressions in plasma and tumor tissues.
The results were shown that miR-34a and miR-34c
in plasma were positively associated with that in tumor
tissues.

MiR-34a is sited in the second exon of a 33-kb transcript
(EF570049), and has two promoter regions, including
CpG island (CpGl) and p53-binding sites. Both of them

downregulates miR-34 expression in cancers via hyper-
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methylation or controlling the stem cell compartment to
inhibit malignancy respectively (27-29). Overexpression
of miR-34a could contribute to tumor suppression via
repressing human homolog of murine double minute 4
(HDM4) and p53 (30). Upregulated miR-34a expression
could inhibit ¢-MET and AXL by extracellular signal
regulated kinase (ERK) and serine/threonine kinase
(AKT) signalling activation, suppressing diffuse malignant
peritoneal mesothelioma (DMPM) cells proliferation and
invasion, thereby resulting in the inhibition of tumorigenesis
and tumor growth (31). Also, miR-34a could induce G1 cell
cycle arrest, senescence and apoptosis to suppress tumor
cells proliferation and promote differentiation, thereby
repressing tumor growth and demonstrating the tumor-
suppressive role (27); Furthermore, miR-34a overexpression
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Table 4 Cox regression analysis of the factors affecting DFS
Univariate Cox Multivariate Cox
Factors 95% ClI 95% ClI
P value HR P value HR

Lower Higher Lower Higher
Plasma miR-34a high expression 0.013 0.688 0.512 0.924 0.453 0.886 0.645 1.216
Plasma miR-34b high expression 0.310 0.859 0.641 1.152 - - - -
Plasma miR-34c high expression 0.042 0.737 0.548 0.989 0.944 1.012 0.729 1.404
Tissue miR-34a high expression 0.002 0.629 0.468 0.846 0.050 0.721 0.519 1.000
Tissue miR-34b high expression 0.141 0.802 0.597 1.076 - - - -
Tissue miR-34c¢ high expression 0.036 0.729 0.543 0.979 0.096 0.764 0.556 1.049
Age =60 (years) 0.251 1.009 0.993 1.026 - - - -
Gender (male) 0.149 1.247 0.924 1.684 - - - -
Adenocarcinoma (vs. squamous cell carcinoma) 0.472 1.114 0.830 1.495 - - - -
Poor differentiation (vs. well and moderate) 0.001 1.707 1.232 2.366 0.002 1.698 1.215 2.373
Tumor size =5 cm 0.024 1.411 1.046 1.904 0.462 0.862 0.581 1.280
Lymph node metastasis <0.001 2.303 1.698 3.124 <0.001 2.524 1.610 3.957
TNM stage lll (vs. stage | and Il) 0.002 1.646 1.202 2.254 0.541 0.865 0.544 1.377

Univariate Cox proportional hazard regression was performed to analyze the factors affecting DFS, and factors with P value <0.1 was
subsequently analyzed by multivariate analysis. P value <0.05 was considered as statistically significant. DFS, disease-free survival; HR,

hazard ratio; Cl, confidence interval.

Table 5 Cox regression analysis of the factors affecting OS

Univariate Cox

Multivariate Cox

Factors 95% Cl 95% ClI
P value HR P value HR

Lower Higher Lower Higher
Plasma miR-34a high expression 0.013 0.651 0.465 0.912 0.935 1.015 0.706 1.460
Plasma miR-34b high expression 0.205 0.806 0.577 1.125 - - - -
Plasma miR-34c high expression 0.068 0.732 0.524 1.023 0.585 1.108 0.767 1.601
Tissue miR-34a high expression <0.001 0.518 0.369 0.726 0.002 0.554 0.381 0.805
Tissue miR-34b high expression 0.114 0.764 0.548 1.067 - - - -
Tissue miR-34c¢ high expression 0.003 0.602 0.430 0.844 0.007 0.607 0.423 0.870
Age =60 (years) 0.462 1.133 0.812 1.581 - - - -
Gender (male) 0.174 1.270 0.900 1.791 - - - -
Adenocarcinoma (vs. squamous cell carcinoma) 0.845 0.967 0.693 1.350 - - - -
Poor differentiation (vs. well and moderate) 0.004 1.704 1.186 2.450 0.008 1.669 1.146 2.432
Tumor size =5 cm 0.001 1.794 1.281 2.512 0.447 1.175 0.775 1.780
Lymph node metastasis <0.001 2.830 2.009 3.988 <0.001 2.847 1.776 4.562
TNM stage Il (vs. stage | and Il) 0.002 1.760 1.239 2.501 0.163 0.708 0.436 1.151

Univariate Cox proportional hazard regression was performed to analyze the factors affecting OS, and factors with P value <0.1 was
subsequently analyzed by multivariate analysis. P value <0.05 was considered statistically significant. OS, overall survival; HR, hazard

ratio; Cl, confidence interval.
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could regulate the Snaill-mediated epithelial-mesenchymal
transition (EMT) and the Notch signalling pathway to
repress the migration and invasion of pancreatic cancer
cells, thereby inhibiting tumor metastasis and pancreatic
cancer progression (32). In terms of NSCLC patients,
miR-34 family could regulate platelet-derived growth
factor receptor alpha and beta (PDGFR-a and PDGFR-p)
to promote tumor necrosis factor ligand superfamily
member 10 (TRAIL)-induced apoptosis and reduce
invasiveness of lung cancer cells, thereby inhibiting the
migratory and invasive capacity of NSCLC cells (15).
The results in our study were found that plasma miR-
34a expression was negatively associated with lymph
node metastasis, This might arise from the inhibition
of cell proliferation, invasion as well as migration by
miR-34a through regulating several pathways (27,30-32).
Previous study revealed that high miR-34a expression
was associated with a lower risk of recurrence or
death from breast cancer adjusted by multivariate
analysis (33). Analogously, the downregulation of
tumor tissue miR-34a was correlated with the poor
prognosis of hepatocellular carcinoma (34). As for
NSCLC, tumor tissue miR-34a was inversely correlated
with recurrence-free survival (RFS) by regulation of
¢-MET and cyclin dependent kinase 6 (CDK 6) (35),
while no similar study of plasma miR-34a in predicting
prognosis of NSCLC is reported previously. Partially
in line with this result, we found that miR-34a high
expression was correlated with prolonged DFS and OS
compared to low expression in this study, which partly
resulted from its regulation of several pathways or genes,
including ¢-MET and G1 phase regulators, to cause the
inhibition of tumorigenesis and lymphatic invasion, thereby
affecting recurrence of NSCLC patients (35). In addition,
miR-34a increases the sensitivity of chemotherapy and
radiotherapy, decreasing recurrence of NSCLC patients
(36,37). Subsequently, Cox regression analysis was
performed to evaluate factors affecting DFS and OS in
this study, we also observed that plasma miR-34a was
correlated with prolonged DFS and OS in univariate Cox
model, while it could not independently predict DFS
and OS of NSCLC patients in multivariate Cox model.
This might result from that plasma miR-34a expression
was correlated with its tissue expression and lymph node
metastasis that contribute to the prognosis of NSCLC,
which was identified before. Thus, plasma miR-34a
expression might be affected by both of them, thereby
influencing the predictive value of miR-34a in NSCLC
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patients. Furthermore, owning to the less invasion and
more feasibility, plasma miR-34a was still a valuable
biomarker to predict the prognosis in NSCLC patients.

MiR-34b/c, frequently responding on CpGI, are
associated with B-cell translocation gene 4 (BTG4) (27).
MiR-34c¢ have been implicated to be a tumor suppressor
of NSCLC via inhibiting pituitary adenylate cyclase-
activating polypeptide type 1 (PACI)/mitogen-activated
protein kinase (MAPK) pathway, or retraining eukaryotic
translation initiation factor 4E (elF4E) expression
(38,39). Down-expression of miR-34c was observed
in lung tumor compared with that in normal tissues,
which is resulted from their resistance to NSCLC cells
migration and invasiveness by downregulating platelet-
derived growth factor receptors (PDGFR-a/B) (15).
Furthermore, increased expression of tissue miR-34c
expression was associated with distant metastases
formation in lung adenocarcinoma (LAC) via promoting
hypermethylation (40). Similarly, our study observed that
the plasma miR-34c high expression was correlated with
prolonged DFS compared to low expression. The possible
reasons might be the suppression of cells migration and
invasiveness (15,38).

MiR-34b have been described to be epigenetically
mediated in various cancer, such as colon cancer, head and
neck cancer (41). Nevertheless, no relationship of miR-34b
with DFS and OS both in plasma and tumor tissue was
discovered in the present study. Prior research indicated
the mediation of PDGFR-a and PDGFR-, targeted by
miR-34a/c, but not on miR-34b (15). Thus, one of the
causes might be this.

Several limitations still existed in the present study.
Firstly, the plasma miR-34 family expressions in healthy
people were not assessed and compared with NSCLC
patients, whereas many studies have reported decreased
miR-34 expression in cancer patients compared with
healthy controls group. Secondly, the detailed mechanism
of miR-34 family in NSCLC was not analyzed. Thirdly,
the analysis of lung cancer specific miRNAs was not
explored, thus, further study about the investigation
of lung cancer specific miRNAs in NSCLC patients is
necessary. Finally, sample size was relatively small. The
further study investigating the accurate mechanism of
miR-34 family on the pathological process of NSCLC is
needed.

In conclusion, circulating miR-34a and miR-34c might
be served as novel prognostic biomarkers in NSCLC
patients.
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