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ORIGINAL ARTICLE
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: MiR29a-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, microRNA29a (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 miR29a 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 RealTime 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
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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
Histopathological evaluation with
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 semiquantitative 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 Chisquare 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 logrank 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 miR29a-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-29a3p and Cdc42 mRNA with the progress of
clinical stages in enrolled patients. In different
clinical stages, the expression levels of miR29a-3p and Cdc42 mRNA showed different
characteristics. The relative expression of miR29a-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 (%)
Negative (-)
Weak positive (+)
Medium positive (++)
Strong positive (+ + +)
56

Sensitive group (n=20)

Tolerance group (n=20)

16 (80.0)
3 (15.0)
1 (5.0)
0

11 (55.0)
7 (35.0)
1 (5.0)
1 (5.0)

Adjacent
tissues

Carcinoma
tissues
4
9
5
2

(20.0)
(45.0)
(25.0)
(10.0)

Adjacent
tissues

Carcinoma
tissues
1
8
4
5

(5.0)
(40.0)
(20.0)
(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).

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

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).
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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
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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

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.
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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 upregulated 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 miR29a-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 miR29a-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 downregulation 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.
Acknowledgement: This study was supported
by the Liaoning Natural Science Foundation
Program (2019-ZD-0901), Beijing Natural
Science Foundation Program and Scientific
Research Key Program of Beijing Municipal
Commission of Education(KZ201910025034),
Beijing Municipal Administration of Hospitals’
Ascent Plan (DFL20180202).
Authors’ contribution: FJG and LLH conceived
and designed the study; ZLY, RGC and YWH

59

Malays J Pathol

contributed the molecular detection experiments;
LC, WHM and WZL organized the database;
LLH, WHM and XQH drafted the manuscript;
FJG and ZLY revised part of the discussion and
had useful suggestions for this case report. All the
authors have read the manuscript and approved
the final version.
Conflict of interest: The authors declare no
conflict of interest.

April 2022

12.

13.

14.

REFERENCES
1. Garneau JC, Bakst RL, Miles BA. Hypopharyngeal
cancer: A state of the art review. Oral Oncol. 2018;
86: 244-50.
2. Thomas TV, Nittala MR, Bhanat E, Albert AA,
Vijayakumar S. Management of Advanced-stage
Hypopharyngeal Carcinoma: 25-Year Experience
from a Tertiary Care Medical Center. Cureus. 2020;
12: e6679.
3. Chung EJ, Jeong WJ, Jung YH, et al. Long-term
oncological and functional outcomes of induction
chemotherapy followed by (chemo)radiotherapy
vs definitive chemoradiotherapy vs surgerybased therapy in locally advanced stage III/IV
hypopharyngeal cancer: Multicenter review of 266
cases. Oral Oncol. 2019; 89: 84-94.
4. Hochfelder CG, McGinn AP, Mehta V, Castellucci E,
Kabarriti R, Ow TJ. Treatment sequence and survival
in locoregionally advanced hypopharyngeal cancer:
A surveillance, epidemiology, and end results-based
study. Laryngoscope. 2020; 130: 2611-21.
5. Harris BN, Biron VL, Donald P, et al. Primary
Surgery vs Chemoradiation Treatment of AdvancedStage Hypopharyngeal Squamous Cell Carcinoma.
JAMA Otolaryngol Head Neck Surg. 2015; 141:
636-40.
6. Haddad RI, Massarelli E, Lee JJ, et al. Weekly
paclitaxel, carboplatin, cetuximab, and cetuximab,
docetaxel, cisplatin, and fluorouracil, followed
by local therapy in previously untreated, locally
advanced head and neck squamous cell carcinoma.
Ann Oncol. 2019; 30: 471-7.
7. Cai J, Qiao B, Gao N, Lin N, He W. Oral squamous
cell carcinoma-derived exosomes promote M2
subtype macrophage polarization mediated by
exosome-enclosed miR-29a-3p. Am J Physiol Cell
Physiol. 2019; 316: C731-C740.
8. Deng X, Chu X, Wang P, et al. MicroRNA-29a-3p
Reduces TNFα-Induced Endothelial Dysfunction
by Targeting Tumor Necrosis Factor Receptor 1.
Mol Ther Nucleic Acids. 2019; 18: 903-15.
9. Pardini B, De Maria D, Francavilla A, Di Gaetano
C, Ronco G, Naccarati A. MicroRNAs as markers of
progression in cervical cancer: a systematic review.
BMC Cancer. 2018; 18: 696.
10. Shi C, Ren L, Sun C, et al. miR-29a/b/c function
as invasion suppressors for gliomas by targeting
CDC42 and predict the prognosis of patients. Br J
Cancer. 2017; 117: 1036-47.
11. Park SY, Lee JH, Ha M, Nam JW, Kim VN. miR-29

60

15.
16.
17.

18.

19.

20.

21.

22.

23.

24.

miRNAs activate p53 by targeting p85 alpha and
CDC42. Nat Struct Mol Biol. 2009; 16: 23-9.
Maldonado M, Medina JI, Velazquez L,
Dharmawardhane S. Targeting Rac and Cdc42
GEFs in Metastatic Cancer. Front Cell Dev Biol.
2020; 8: 201.
Head and Neck Cancer Study Group (HNCSG),
Monden N, Asakage T, et al. A review of head and
neck cancer staging system in the TNM classification
of malignant tumors (eighth edition). Jpn J Clin
Oncol. 2019; 49: 589-95.
Marur S, Forastiere AA. Head and Neck Squamous
Cell Carcinoma: Update on Epidemiology,
Diagnosis, and Treatment. Mayo Clin Proc. 2016;
91: 386-96.
Cramer JD, Burtness B, Le QT, Ferris RL. The
changing therapeutic landscape of head and neck
cancer. Nat Rev Clin Oncol. 2019; 16: 669-83.
Hinerman RW, Amdur RJ, Mendenhall WM, Villaret
DB, Robbins KT. Hypopharyngeal carcinoma. Curr
Treat Options Oncol. 2002; 3: 41-9.
Rodrigo JP, Grilli G, Shah JP, et al. Selective neck
dissection in surgically treated head and neck
squamous cell carcinoma patients with a clinically
positive neck: Systematic review. Eur J Surg Oncol.
2018; 44: 395-403.
Backes C, Meese E, Keller A. Specific miRNA
Disease Biomarkers in Blood, Serum and Plasma:
Challenges and Prospects. Mol Diagn Ther. 2016;
20: 509-18.
Kulkarni B, Kirave P, Gondaliya P, et al. Exosomal
miRNA in chemoresistance, immune evasion,
metastasis and progression of cancer. Drug Discov
Today. 2019; 24: 2058-67.
Arantes L, De Carvalho AC, Melendez ME, Lopes
Carvalho A. Serum, plasma and saliva biomarkers
for head and neck cancer. Expert Rev Mol Diagn.
2018; 18(1): 85-112.
Yan B, Fu Q, Lai L, et al. Downregulation of
microRNA 99a in oral squamous cell carcinomas
contributes to the growth and survival of oral cancer
cells. Mol Med Rep. 2012; 6: 675-81.
Kikkawa N, Hanazawa T, Fujimura L, et al. miR-489
is a tumour-suppressive miRNA target PTPN11 in
hypopharyngeal squamous cell carcinoma (HSCC).
Br J Cancer. 2010; 103: 877-84.
Zhou R, Liu D, Zhu J, Zhang T. Common gene
signatures and key pathways in hypopharyngeal
and esophageal squamous cell carcinoma: Evidence
from bioinformatic analysis. Medicine (Baltimore).
2020; 99: e22434.
Meyer Z BU, Brandenstein LI, von Elsner L, et al.
RIT1 controls actin dynamics via complex formation
with RAC1/CDC42 and PAK1.PLoS Genet. 2018;
14: e1007370.

