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MicroRNA-29a-3p regulates chemosensitivity in hypopharyngeal 
carcinoma via targeting Cdc42
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Abstract

Introduction: Hypopharyngeal carcinoma is one kind of high malignant tumour followed by poor 
prognosis in head and neck carcinomas. This study aimed to detect miR-29a-3p and Cdc42 in 
patients with hypopharyngeal carcinoma. Materials and Methods: The expression of miR-29a-3p and 
Cdc42 mRNA were detected, and the correlation between miR-29a-3p/Cdc42 and clinical stages was 
investigated. Results: The relative expression of miR-29a-3p in stage Ⅱ, Ⅲ and Ⅳ hypopharyngeal 
carcinoma tissues was significantly lower than that of stage Ⅰ (P< 0.05). The relative expression 
of Cdc42 mRNA in stage Ⅱ, Ⅲ and Ⅳ tissues was significantly higher than that of stage Ⅰ (P< 
0.05). The expression of miR-29a-3p in hypopharyngeal carcinoma with lymph node metastasis 
was significantly lower than that without lymph node metastasis (P = 0.045). Conclusion: MiR-
29a-3p and Cdc42 mRNA could be potential diagnostic biomarkers of hypopharyngeal carcinoma.
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INTRODUCTION

Hypopharyngeal carcinoma is one kind of high 
malignant tumour followed by poor prognosis in 
head and neck carcinomas.1 The 5-year overall 
survival rate of the patients is only about 30% 
to 50%.2-4 In recent years, the application of 
induction chemotherapy in head and neck 
carcinomas can significantly improve the rate of 
laryngeal function preservation, reduce the risk 
of metastasis and improve the quality of life of 
the patients.5 However, patients have different 
sensitivity to the induction chemotherapy of 
docetaxel, cisplatin, 5-fluorouracil (TPF) in 
clinical treatment.6 Finding molecular markers 
related to chemotherapy sensitivity in patients 
with laryngeal squamous cell carcinoma will 
have great clinical significance.
 As a tumour suppressor gene, microRNA-
29a (miR-29a) can affect the proliferation, 
invasion, metastasis and apoptosis of tumour 
cells by regulating the expression of target 
genes.7-9 Research work over the recent decades 

has been identified including Cdc42, CLDN, 
c-Myc, KDM5B, TNFR, etc.as target genes of 
miRNA-29a.10,11 However, the function and 
potential mechanism of miR-29a in regulating 
the occurrence of hypopharyngeal carcinoma 
need further study. Cell division control protein 
42 (Cdc42) belong to the Rho family of small 
GTPases, evidence has identified that in various 
malignant tumoursCdc42is abnormally expressed 
which leads to chemotherapy resistance.12

 The aim of our study was to explore 
the expression of miR-29a and Cdc42 in 
hypopharyngeal carcinoma tissues, thereby 
identifying the regulatory mechanism of miR-
29a and Cdc42on hypopharyngeal carcinoma 
and finding potential targets which will enhance 
chemosensitivity.

MATERIALS AND METHODS 

Patients’ recruitment
In this study, hypopharyngeal carcinoma 
specimens were collected from Beijing Tongren 
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Hospital, Capital Medical University from 
May 2016 to May 2019. Patients were chosen 
based on the following criteria: pathologically 
confirmed primary hypopharyngeal squamous 
cell carcinoma without a history of surgery, 
radiotherapy and chemotherapy, no distant 
metastasis, and no other malignant tumours; the 
patients were 18-70 years old with main organ 
functions were basically normal. This study was 
approved by the ethics committee of Beijing 
Tongren Hospital (Ethics approval code: No. 
YLS-2022-08) and all participants were informed 
and signed written informed consent were taken 
before the enrolment.

Treatment and grouping method
The patients who met the inclusion criteria were 
treated with TPF regimen for 2 courses. The 
chemotherapy regimen was paclitaxel for 135mg/
m2 on day 1, at the second day cisplatin 30 mg/
m2once a day for 3 days was given and 5-FU 
500 mg/m2 intravenously once a day for 5 days. 
This regimen was repeated once every 3 weeks 
for twice. At the third week of the second cycle, 
the imaging tumour volume was calculated. 
Patients with complete remission of primary 
tumour (complete disappearance of tumour) 
or major remission (tumour volume reduction 
>50%) were classified as sensitive group, those 
patients with small primary remission (tumour 
volume reduction <50%), tumour progression 
(tumour progression >25%) or tumour stability 
(tumour volume neither reduced nor progressed) 
were classified as drug tolerance group, 20 cases 
in the chemosensitivity group and 20 cases in 
the tolerance group finally.

Reverse-transcription quantitative polymerase 
chain reaction (RT-qPCR) assay
RT-qPCR was utilised to detect the expression 
of miR-29a and Cdc42 in tissues collected from 
patients with hypopharyngeal carcinoma tissues 
and adjacent tissues. Total RNA was extracted 
from about 50 mg tissue using Tissue RNA 
Extraction Kit (Tiangen, China) as described by 
manufacturer’s instruction. DNA wiper and first 
chain cDNAwere carried out by HiScript®II Q 
RT SuperMix (Vazyme, China). RT-qPCR was 
performed with KAPA SYBR® FAST qPCR Kit 
(KAPA, USA) an Applied Biosystems 7500 Real-
Time PCR Systems (Applied Biosystems, USA). 
The primer pairs targeting miR-29a, Cdc42 
and glyceraldehyde phosphate dehydrogenase  
(GAPDH) were as follows: miR-29a-3p  forward 
(5’-CTGCCGTAGCACCATCTGA-3’)  and 

reverse (5’-TATCCTTGTTCACGAACTCCTT
CAC-3’); Cdc42 forward (5’-CCATCGGAAT
ATGTACCGACTG-3’) and reverse (5’-CTCA
GCGGTCGTAATCTGTCA-3’); GAPDH 
forward (5’-AACGTGTCAGTCGTGGACC
TG-3’)  and reverse (5’-AGTGGGTGTCGCT
GTFGA AGT-3’), the relative difference in gene 
expression was calculated by 2-ΔΔCt method. 

Immunohistochemistry
H i s t o p a t h o l o g i c a l  e v a l u a t i o n  w i t h 
hypopharyngeal carcinoma was performed 
by verified pathologists with HE-stained. For 
Cdc4 staining, 4-μm thickness sections cut on 
paraffin-embedded hypopharyngeal carcinoma 
samples were deparaffinised, and incubated with 
3% hydrogen peroxide for 10 min to quench 
the activity of endogenous peroxidase after 
rehydrated. Tissues were blocked with 5% BSA 
after heat-induced antigen retrieval and incubated 
with Cdc4 primary antibody (Abcam, 74054) at 4 
°C for one hour. Washed with PBS for 2 × 3 min, 
slides were incubated with secondary antibody 
of biotinylated anti-rabbit. Image acquisition 
and section evaluation were performed under a 
light microscope and camera after avidin-biotin 
complex and DAB colouration. The semi-
quantitative integration method was used to 
analyse the numbers of positive cells, and 100 
cells were counted in 5 visual fields randomly 
selected under high-power microscope (× 200). 
According to the proportion of positive cells and 
the staining intensity, the positive cells were less 
than 5%, 5% - 24%, 25% - 50%, 51% - 74% 
and ≥ 75%, respectively, which were judged as 
0, 1, 2, 3 and 4 points. The staining intensity of 
positive cells in each section was judged as 0, 
1, 2 and 3 points respectively according to no 
staining, light yellow, brown-yellow and brown. 
Judging the conclusion according to the sum of 
two integrals. Zero was negative (-), 1 to 2 was 
weak positive (+), 3 to 5 was medium positive 
(++) and 6 to 7 points were strong positive (+ 
+ +).

Statistical analysis 
Statistical analysis was performed using SPSS 
22.0 (SPSS Inc., USA) or Prism 7.0 (GraphPad 
Software, USA). All experiments mentioned 
were performed three times, and measurement 
data were based on the mean ± SD included three 
experimental results. The results were analysed 
by two-tail unpaired Student’s t-test. The Chi-
square test/Chi-square goodness-of-fit test was 
applied for correlation analysis with clinical case 
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indicators. In addition, the correlations between 
CLDNs and clinical survival were analysed by 
Kaplan-Meier method and compared with log-
rank tests. P < 0.05 was considered significant.

RESULTS

We recruited 40 patients, all of them were male, 
aged from 42 to 70 years, with a median age of 
60 years. There were 28 cases with lymph node 
metastasis and 12 cases were not (lymph node 
metastasis judged according to postoperative 
pathology), the position of carcinoma of 36 
cases was pyriform sinus and 4 cases were 
posterior pharyngeal wall; 14 cases were high 
differentiated squamous cell carcinoma and 12 
cases were medium differentiated squamous cell 
carcinoma, and 4 cases were poorly differentiated. 
According to the Union for International Cancer 
Control (UICC) tumour node metastasis (TNM) 
staging system in 1997, 15 cases were in stage 
Ⅰ, 12 cases were in stage II, 7 cases in stage III 
and 8 cases in stage IV.13

Expression of miR-29a-3p and Cdc42 mRNA
First, RT-qPCR was used to detect the expression 
of miR-29a-3p and Cdc42 mRNA level in the 
hypopharyngeal carcinoma tissues. As shown in 
Figure 1A and 1B, compared with the adjacent 
tissues in the sensitive group (1.00 ± 0.21) and 
the tolerance group (1.00 ± 0.23), the expression 
of miR-29a-3p in hypopharyngeal carcinoma 
tissues of the two groups (0.71± 0.28 and 0.37 
± 0.34 respectively) was significantly lower 
(P<0.05). In contrast to the adjacent tissues in 
the sensitive group (1.00 ± 0.18) tolerance group 
(1.00 ± 0.22), the expression of Cdc42 mRNA 
in carcinoma tissues in the sensitive group (2.87 
± 0.37) and in the tolerance group (5.73 ± 0.49) 
were significantly higher (P< 0. 05) in Figure 
1C and 1D.

The expression of Cdc42 was upregulated in 
hypopharyngeal carcinoma
The expression of Cdc42 was further evaluated 
in 40 hypopharyngeal carcinoma tissue 
specimens. As shown in Figure 2, Cdc42 was 
expressed in the membrane of cells from clinical 
hypopharyngeal carcinoma specimens. Positive 
expression of Cdc42 protein was found in 
87.5% (35/40) of hypopharyngeal carcinoma 
tissues and in 32.5% (13/40) of histologically 
non-neoplastic adjacent tissues (Table 1). The 
expression of Cdc42 was significantly higher 
in hypopharyngeal carcinoma tissue specimens 
than in histologically non-neoplastic adjacent 

tissues specimens (U = -3.737, P< 0.01). In the 
tolerance group, hypopharyngeal carcinoma 
tissue had a significantly higher expression 
of Cdc42 than that of non-neoplastic adjacent 
tissues (U = -3.480, P< 0.01). 

The correlation of the expression between miR-
29a-3p and Cdc42 mRNA
The possible correlation between miR-29a-3p 
and Cdc42 mRNA levels was further evaluated. 
Pearson’s correlation assay was used for the 
analysis of the correlation of the expression 
between miR-29a-3p and Cdc42 mRNA. As 
shown in figure3A, the results showed that the 
expression of miR-29a-3p and Cdc42 mRNA 
was negatively correlated in the sensitive group 
(r = -0.725, P< 0.01). In the tolerance group, the 
expression of miR-29a-3p and Cdc42 mRNA was 
also negatively correlated (r = -0.878, P< 0.01). 

The expression of miR-29a-3p and Cdc42mRNA 
according to clinical clinicopathological features 
of hypopharyngeal carcinoma
Based on these findings, we also tried to 
explore the expression level of miR-29a-
3p and Cdc42 mRNA with the progress of 
clinical stages in enrolled patients. In different 
clinical stages, the expression levels of miR-
29a-3p and Cdc42 mRNA showed different 
characteristics. The relative expression of miR-
29a-3p from the sensitive group in stage Ⅱ, Ⅲ 
and Ⅳ hypopharyngeal carcinoma tissues was 
significantly lower than that of stage Ⅰ in the 
trend of down expression, and the expression in 
stage Ⅳ hypopharyngeal carcinoma tissues was 
significantly lower (Figure 4A) than that in stage 
Ⅰ (P< 0.01). In the tolerance group, the relative 
expression ofmiR-29a-3pin stage Ⅱ, Ⅲ and Ⅳ 
hypopharyngeal carcinoma tissues showed a 
downward trend, and the expression in stage Ⅲ 
and Ⅳ hypopharyngeal carcinoma tissues were 
significantly lower (Figure 4B) than that in stage 
Ⅰ (P < 0.01).The relative expression of Cdc42 
mRNA from the sensitive group in stage Ⅱ, Ⅲ 
and Ⅳ hypopharyngeal carcinoma tissues was 
higher than that of stage Ⅰ with an upward trend, 
and the expression in stage Ⅳ hypopharyngeal 
carcinoma tissues was significantly higher 
(Figure 4C) than that in stage Ⅰ (P< 0.01). In 
the tolerance group, with the progress of clinical 
stages, the relative expression ofCdc42 mRNA 
showed an upward trend, and the expression 
in stage Ⅲ and Ⅳ hypopharyngeal carcinoma 
tissues were significantly higher than that in 
stage Ⅰ (P< 0.01) (Figure 4D).
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FIG. 1:  Expression of miR-29a-3p and Cdc42 mRNA in hypopharyngeal carcinoma tissues and adjacent tissues. 
 (A) The expression of miR-29a-3p in hypopharyngeal carcinoma tissues of the sensitive group 

was significantly lower than that in the adjacent tissues. (B) The expression of miR-29a-3p in the 
hypopharyngeal carcinoma tissues of the tolerance group was significantly lower than that in the adjacent 
tissues. (C) The expression of Cdc42 mRNA in hypopharyngeal carcinoma tissues of the sensitive 
group was significantly higher than that in the adjacent tissues. (D) The expression of Cdc42 mRNA in 
hypopharyngeal carcinoma tissues of the sensitive group was significantly higher than that in the adjacent 
tissues. n = 20, * P , 0.05 compared with the adjacent tissues.

TABLE 1: Expression level of Cdc42 between the sensitive and the tolerance group

Level of Cdc42, n (%)
Sensitive group (n=20) Tolerance group (n=20)
Adjacent 
tissues

Carcinoma 
tissues

Adjacent 
tissues

Carcinoma 
tissues

Negative (-) 16 (80.0) 4 (20.0) 11 (55.0) 1 (5.0)
Weak positive (+) 3 (15.0) 9 (45.0) 7 (35.0) 8 (40.0)
Medium positive (++) 1 (5.0) 5 (25.0) 1 (5.0) 4 (20.0)
Strong positive (+ + +) 0 2 (10.0) 1 (5.0) 5 (25.0)
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FIG. 2: Different expression of Cdc42 in hypopharyngeal carcinoma tissues. (A) The negative expression of 
Cdc42. (B) The positive (+) expression of Cdc42. (C) The medium positive (++) expression of Cdc42. 
(D) The strong positive (+ + +) expression of Cdc42. (Immunohistochemistry method 200X).

FIG. 3: Pearson’s analysis of correlation of miR-29a-3p and Cdc42 mRNA in hypopharyngeal carcinoma tissues 
and adjacent tissues. (A) In the sensitive group, miR-29a-3p had negative correlation with Cdc42 mRNA 
(r = -0.725, P< 0.01). (B) In the tolerance group, miR-29a-3p had negative correlation with Cdc42 mRNA 
(r = -0.878, P< 0.01).

 The expression of  miR-29a-3p in 
hypopharyngeal carcinoma with lymph node 
metastasis (0.37 ± 0.07) was significantly lower 
(P = 0.045) than that without lymph node 
metastasis (0.53 ± 0.15) (Figure 4E). However, 
the expression of’ Cdc42 mRNA with lymph 
node metastasis (4.48 ± 1.12) was significantly 
higher (P< 0.01) than that without lymph node 

metastasis (2.15 ± 0.46) (Figure 4F). 

DISCUSSION

In this study, we identified a miRNA signature 
that was significantly associated with the 
occurrence and the chemosensitivity in patients 
with hypopharyngeal carcinoma undergoing 
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FIG. 4: Expression of miR-29a-3p and Cdc42 mRNA according to clinical clinicopathological features. (A) 
Relative expression of miR-29a-3p from the sensitive group in stage Ⅰ, Ⅱ, Ⅲ and Ⅳ hypopharyngeal 
carcinoma tissues. (B) Relative expression of miR-29a-3p from the tolerance group in stage Ⅰ, Ⅱ, Ⅲ and 
Ⅳ hypopharyngeal carcinoma tissues. (C) Relative expression of Cdc42 mRNA from the sensitive group 
in stage Ⅰ, Ⅱ, Ⅲ and Ⅳ hypopharyngeal carcinoma tissues. (D) Relative expression of Cdc42 mRNA 
from the tolerance group in stage Ⅰ, Ⅱ, Ⅲ and Ⅳ hypopharyngeal carcinoma tissues. (E) Expression of 
miR-29a-3p in hypopharyngeal carcinoma with and without lymph node metastasis. (F) Expression of 
Cdc42 mRNA in hypopharyngeal carcinoma with and without lymph node metastasis. * P < 0.05, * *P 
< 0.05 compared with their references.

surgery and chemotherapy. Carcinoma in 
the hypopharyngeal region has progressive 
behaviour and poor prognosis, thereby early 
diagnosis of hypopharyngeal carcinoma and 
improvement of chemotherapy efficacy is vital.14 

With a synergistic process, the occurrence of 
hypopharyngeal carcinoma associates with 
multiple factors, manifestations and changes 
in gene regulations.15,16 In addition, further 
understanding of the changes in molecular 
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genetics and biology underlying the development 
of hypopharyngeal carcinoma are needed.
 Hypopharyngeal carcinoma has progressive 
behaviour and poor prognosis, most cases died 
ofmetastasis.17 Prediction of prognosis in cases 
with hypopharyngeal carcinoma is important 
to improve strategy for personalised therapy. 
Currently, many studies have shown that 
miRNA, as biomarkers, has many advantages 
for the diagnosis and definition prognosis of 
tumour since the stability is better than that of 
protein, mRNA and genome in vitro, especially 
in clinical specimens such as FFPE tissue or 
other body fluids.18 MiRNAs participate in and 
modulate the processes of tumour development, 
invasion, metastasis and chemoresistance.19 The 
aberrantly expressed miRNAs signature in head 
and neck carcinoma had been intensively carried 
out by many molecular biological researches.20 
Basic researches on hypopharyngeal carcinoma 
related miRNAs has shown their valuable 
application prospect as carcinoma targeting. In 
the development of head and neck carcinoma, 
miRNAs could play as oncogenes or tumour 
suppressors through down-regulated or up-
regulated of the express level. For instance, 
miRNA-99a in oral squamous cell carcinomas 
contributes to the growth and survival by a 
downregulation. MiRNA-489 was defined as 
tumour-suppressive miRNA by down-regulated 
in hypopharyngeal squamous cell carcinoma.21,22 
However, whether miR-29a-3p could be acted 
as a predictive biomarker for the diagnosis 
of hypopharyngeal carcinoma has never been 
analysed. 
 In accordance with a previous study, this 
study reported that the expression level of miR-
29a-3p in hypopharyngeal carcinoma tissues 
was also low.23 Additionally, we investigated 
the expression of Cdc42 using RT-qPCR, a 
critical oncogenic gene in various malignant 
tumours, was over-expressed in hypopharyngeal 
carcinoma. With those findings, we explored 
whether there was a correlation between the 
expression levels of miR-29a-3p and Cdc42 
mRNA. Interestingly, there was a significantly 
negatively correlation between the expression 
levels of miR-29a-3p and Cdc42 mRNA both 
in the sensitive and the tolerance group. Then, 
an immunohistochemical assay showed that the 
expression of Cdc42 protein was significantly 
high in hypopharyngeal carcinoma tissues with 
low expression trend of miR-29a-3p.
 As far as metastasis and chemoresistance 
is concerned, we explored the correlation 

between miR-29a-3p, Cdc42 mRNA expression 
and the progression of tumour, the expression 
levels of miR-29a-3p and Cdc42 mRNA in 
specimens from different clinical stages and 
groups were evaluated. The results indicated 
that the expression level of miR-29a-3p was 
down-regulated along with the progression of 
clinical states of patients with hypopharyngeal 
carcinoma, however, the expression level of 
Cdc42 mRNA had an upward trend according to 
the progression of clinical states. Additionally, 
based on the results from Pearson’s correlation 
analysis which showed a negative correlation 
between miR-29a-3p and Cdc42 mRNA, we 
advocate that a combined analysis of miR-
29a-3p and Cdc42 mRNA expression may 
improve the diagnosis and classification in 
the progression of hypopharyngeal carcinoma. 
Besides, the expression level of miR-29a-3p in 
the specimens from patients with lymph node 
metastasis was significantly lower than that in 
those without lymph node metastasis, but the 
trend of Cdc42 mRNA was contrary. Previous 
studies had identified Cdc42 in multiple cancer 
types as a driver of metastasis and therapy 
resistance, because of their essential roles in 
regulating cell division and actin cytoskeletal 
rearrangements.12,24 Thus, the expression of 
down-regulated miR-29a-3p and up-regulated 
Cdc42 mRNA in hypopharyngeal carcinoma may 
be predictable biomarkers for the metastasis and 
chemoresistance.

CONCLUSIONS

In conclusion, these results suggest that the down-
regulation of miR-29a-3p and up-regulation 
of Cdc42 mRNA may be key regulations 
in the progression and chemoresistance of 
hypopharyngeal carcinoma. MiR-29a-3p and 
Cdc42 mRNA could be used as potential 
diagnostic biomarkers of hypopharyngeal 
carcinoma.
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