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Abstract

Let-7b and miRNA-96 are among the dysregulated microRNASs in various
diseases. Selected seventy-five male rats were divided into five equal treatment
groups and were given 4-nitroquinoline 1-oxide (4-NQO) by drinking water (50 ppm)
for five different drenching periods. To each treatment group, a control group of five
males was also assigned. The oral pathological changes were microscopically
evaluated thereafter. Histopathological changes indicating dysplasia or frank
carcinoma were observed in the fifth treatment group only. Let-7b and miRNA-96
expressions in the tongue tissue and serum were quantified using quantitative reverse
transcription PCR (qRT-PCR). The fifth treatment group only showed signs of severe
and well differentiated squamous cell carcinoma in percentages of 40% and 26.7%,
respectively. Let-7b expression appeared to be statistically non-significantly different
when up and downregulation were compared in tissue and serum samples (p=.3;
p=.08). For miRNA-96, it seemed that no statistically significant difference (p=.08)
was attained when tissue samples were studied, while the difference was statistically
significant (p=.04) when serum samples were considered. Let-7b can be considered a
good biomarker for oral squamous cell carcinoma (OSCC) in tissue and body fluid as
well, while miRNA-96 demonstrated a controversial result as far as the tissue type
was considered and, thus, can play the role of an oncogene (OG) or a tumor suppressor
gene (TS).
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Introduction
Oral cancer (OC), mainly squamous cell carcinoma, is a common malignancy, categorized
in the top 20 most deleterious human cancers [1]. Oral carcinogenesis is a complex
multifactorial process regulated by genetic, environmental, social and other exogenous factors
[2]. In the last decade, an appreciably interest has been applied in analyzing the series of
molecular events involved in oral squamous cell carcinoma (OSCC). Accordingly, microRNAs
(miRNAs) have attracted increasing attention due to their role in the development and
progression of several pathologies, including OC. Mature miRNAs bind to the 3’ untranslated
regions of the messenger RNA (mRNA) and represses the translation. In this context, they can
be linked to cellular proliferation, apoptosis, invasion and metastasis [3]. Mounting evidences
showed an up or downregulation of miRNAs expression in oral neoplastic tissues when
compared to the normal tissue. In OSCC, many miRNAs with a distinct expression profile and
a potential biological significance have been discovered [4, 5]. As per their stability in tissues
as well as body fluids, including plasma and serum, miRNAs are considered as potential
biomarkers for the detection of OSCC [6]. Let-7b and miRNA-96 are found to be
downregulated and can act as a tumor suppressor in many cancers [7, 8]. However, their
functions and mechanisms in OC have rarely been explored previously.

The chemically induced tumors rat model, in spite one of the facts that it is earliest model
developed, is still the best to study all stages of the OC due to a close similarity to the clinical
form of the disease. The 4-nitroquinoline 1-oxide (4-NQO) is a powerful carcinogen inducing
cancer in many organs. It can specifically induce dysplastic changes and OSCC when applied
in different concentrations via drinking water [9].

There are many methods for quantifying miRNAs, one of the most common is quantitative
real-time PCR (gRT-PCR) which is a good and dependable method to monitor expression
profiles of miRNAs in different tissues and organisms. This technique has been utilized to
estimate the overexpression or the under expression of miRNASs in cancerous tissues and body
fluids [10]. The present study was set up to investigate the pathological changes of the oral
mucosa after the carcinogen exposure as well as to explore the expression of two miRNAs, Let-
7b and miRNA-96, extracted from the oral tissues and serums.
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Materials and Methods
Experimental Design

The current study included an animal model for oral carcinogenesis that was induced
chemically. Animal drenching of a carcinogen was practiced at the animal house of the College
of Science, Duhok University. Whereas the tissue samples processing and examination were
performed at the Central Public Health Laboratory of Duhok. Finally, the molecular
investigation was accomplished at Nabu corporation for scientific researches, Baghdad, Iraqg.
Experimental Animals

One hundred albino Wistar male rats, of 4 weeks age, were selected for the study. Seventy-
five rats were given 4-NQO (Santa Cruz, USA) solution in their drinking water at a
concentration of 50 ppm. The remaining twenty-five animals were also divided into five control
groups, each of five animals assigned for a particular treatment group. The experimental
animals were divided into five equal groups each included fifteen animals. The first group was
euthanized after 4 weeks of the carcinogen drenching, the second group after 8 weeks of
drenching and so forth up to the fifth group which was exposed to the carcinogen for 20 weeks.
In each treatment group, rats’ tongues were dissected immediately after the cervical dislocation.
The autopsies and the serum samples were taken, and kept with TRIzol™ (Santa Cruz, USA)
for later use.
Histopathological Examination

Tissue samples were prepared for histopathological investigation according to the literature
[11]. Grading of the tissue samples depended on the currently accepted World Health
Organization classification [12, 13].
Molecular Investigation

The total RNA was extracted from tissue and serum samples by using the TRIzol® LS
Reagent, according to the instruction provided by the manufacturing company. Complementary
DNA (cDNA) belonging to the particular miRNA was synthesized by the aid of the primers
listed in Table 1. ProtoScript® First Strand cDNA Synthesis Kit (NEB, UK) was used for this
purpose. The program used for the synthesis of the cDNAs is elucidated in Table 2.

Table 1: The primers and their sequences

Primer Sequence Reference
Let-7b CTCAACTGGAG,S;Q%EE;CCT CCSTTAGGGCAGTTG Wang et al., 2018 [14]
miRNAg6 | CTCOTATCCAGTGCAGGGTCCGAGGTATICGCAC | gong cral p01si1e
U6 CTCAACTGGTGTSXSS:E_}FXESCAATTCAGTTG Wang et al., 2018[14]

Table 2: Program of cDNA synthesis

Step Time (Minute) Temperature (°C)
Hold 5 25
Hold 60 42
Hold 20 65
Hold (00) 4

The expression level of Let-7b and miRNA-96 was estimated by the quantitative-real time
PCR (gRT-PCR) using the SYBER green to recognize double-stranded DNAs. Table 3 shows
the forward and reverse primers utilized for the amplification of the cDNAs.
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Table 3: Primers for cDNA amplification

Primers i Sequence i Reference

am | 3 OCRSCTOCCTONSCIACTACSIIST | wamgeral 20
eSS | "3 SSCSCTIICCCMTCOTASRACTS | (somg v 209 1
E SSICTICoSACeCRs | e s

The reaction components and the amplification conditions of the RT-PCR used in this study
are shown in Tables 4 and 5 respectively.

Table 4: RT-PCR reaction components

The Component 20 pl Reaction
Template DNA 5ul
Luna Universal g°PCR Master Mix 10pl
Forward primer (10 uM) 1ul
Reverse primer (10 uM) 1ul
Nuclease-free Water 3ul

Table 5: The amplification conditions of the gRT-PCR

Steps Temperature (°C) Duration Cycles
Initial Denaturation 95 60 Sec 1
Denaturation 95 15 Sec
Anneal/Extension 60 30 Sec 40-45
Dissociation 60-95 40 Min 1

The analysis and the interpretation of the results of the gene expression study were based
on Livak formula [16]. The relative expression of Let-7b and miRNA-96 was normalized with
U6 [17, 18] and calculated based on 2-2ACtmethod. The statistical analysis software SPSS
(version 25.0) (IBM Corporation, New York, NY, USA) was applied for data analysis. Data
was presented as mean + standard deviation. Chi-square and Fisher’s exact tests were performed
to find the statistical differences. Probability level p < 0.05 was considered statistically
significant.

Results
Morphologic and Histologic Evaluation

No apparent abnormal clinical and histological changes were observed in rats within the
control group. In the experimental groups, white and rough appearance of the tongue mucosa
was noticed only after the 20 weeks intake of the carcinogen. Twelve (80%) rats showed normal
histology and three (20%) rats from the first treatment group exhibited mild dysplasia in their
tongue samples, where the changes confined within basal and parabasal layers only. In the
second treatment group, normal, mild and moderate dysplastic changes were noticed in 2
(13.3%), 10 (66.7%) and 3 (20%) rats respectively. Six (40%) and nine (9%) animals showed
mild and moderate dysplasia respectively in the third treatment group. All fifteen animals
(100%) showed moderate levels of dysplastic changes in the fourth treatment group. While 5
(33.3%) rats had the same manifestation in the fifth treatment group, 6 (40%) animals
experienced severe dysplasia and 4 (26.7%) rats had the signs of OSCC (Table 6). Figures 1
and 2 show the normal histological appearance and SCC of the rat tongue respectively.
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Table 6: Histopathological changes of the rats’ tongue autopsies. Data is presented by
frequency and percentages.

Iragi Journal of Science, 2024, Vol. 65, No. 7, pp: 3630-3638

. Mild Moderate Severe Carcinoma
SEEEED e ALY Dysplasia Dysplasia Dysplasia (SCO)
First Group (n=15) 12 (80%) 3 (20%) 0 (0%) 0 (0%) 0 (0%)
Second Group (n=15) 2 (13.3%) 10 (66.7%) 3 (20%) 0 (0%) 0 (0%)
Third Group (n=15) 0 (0%) 6 (40%) 9 (60%) 0 (0%) 0 (0%)
Fourth Group (n=15) 0 (0%) 0 (0%) 15 (100%) 0 (0%) 0 (0%)
Fifth Group (n=15) 0 (0%) 0 (0%) 5 6 (40%) 4 (26.7%)

Figure 2: Microphotograph of a well differentiated squamous cell carcinoma (H & E at 40x).
Molecular Findings

When oral tissue samples were examined, the results of the present investigation revealed
that Let-7b was down-regulated in 62 (82.6 %) animals, while up-regulation appeared in 13
(17.4 %) animals. The comparison of both showed a statistically insignificant difference
(p=0.3). miRNA-96 expression levels comparison indicated insignificant statistical difference
(p=0.08) with a down-regulation and up-regulation frequencies of 34 (45.4 %) and 41 (54.6 %)
respectively (Table 7).

3634



Mabher et al.

Iragi Journal of Science, 2024, Vol. 65, No. 7, pp: 3630-3638

Table 7: Up and down regulation of miRNAs in tissue samples. Data is presented by frequency
and percentages.

Group Group Group Group Group
MicroRNAs One Two Three Four Five Total P_value
Up 1 3 4 4 1 13
regulated (6.7%) (20%) (26.7%) | (26.7%) (6.7%) | (17.4%)
Let-7b Down 14 0 11 11 14 62
requlated | (93.3%) | 2 B0%) | (73300 | (733%) | (93.3%) | 82.6%) | 3
Up 7 13 8 6 7 41
. regulated (46.7%) | (86.7%) | (53.3%) (40%) (46.7%) | (54.6%)
miRNA 5 0.08
96 Down 8 (13.3%) 7 9 8 34 '
regulated (53.3%) 70 (46.7%) (60%) (53.3%) | (45.4%)

The results of the comparisons of the miRNAs expression levels within one tissue types
showed variable miRNAs up and down-regulated responses when they were isolated from
serum samples. Let-7b was downregulated in 54 (72 %) animals, while they up-regulated in 21
(28 %) cases with a statistically non-significant difference (p=0.08). The difference of the
miRNA-96 expression levels was statistically significant (p=0.04) when the down-regulation
frequency of 41 (54.6 %) animals was compared with that of the up-regulation of 34 (45.4 %)
(Table 8).

Table 8: Up and down regulation of miRNAs in serum samples. Data is presented by frequency

and percentages.

Gor(:]l;p Group Group Group Group Total
MicroRNAs Two Three Four Five P-value
Up 4 8 5 2 21
Lo |_regulated | (26.7%) | (53.3%) 2(13.3%) | (33306) | (13.3%) | (28%)
Down 11 7 13 10 13 54 08
regulated (73.4%) | (46.7%) | (86.7%) | (66.7%) | (86.7%) | (72%) '
Up 12 4 6 6 6 34
mMiRNA regulated (80%) (26.7%) (40%) (40%) (40%) | (45.4%) 04*
96 Down 3 11 9 9 9 41 '
regulated (20%) (73.4%) (60%) (60%) (60%) | (54.6%)

(*) Significant at p< 0.05, X?=9.9

Discussion

Animal models can be considered an essential part in studying how cancer develops and
progresses. The use of a carcinogenic material to induce OSCC in experimental animals has
gained paramount interest [9, 19, 20].

The qualitative assessment of our samples revealed dysplastic and neoplastic changes at the
mucosal epithelia of the tongue, especially sections near the posterior part. Histopathological
outcomes of this study were in accordance with earlier observations in which OSCC was
detected between 18 and 22 weeks, following the administration of 50 ppm 4-NQO [21, 22].
For better understanding of the cancer development and progression two miRNAs, Let-7 and
MiRNA-96, were used in our study to assess their dysregulation pattern of expression in both
serum and tissue samples. Accumulated evidences demonstrated that this dysregulation in
cancer is through different mechanisms, deletion or amplification of genes, dysregulation of
epigenetic events, and abnormal transcriptional control of certain miRNA genes [23]. Extensive
profiling investigations have identified miRNAs to act as oncogenes (OGs) or as tumor
suppressor genes (TSs) [24]. The downregulation of Let-7b expression in the current study is
similar to what has already been achieved by others [25, 26]. These authors proved the link
between Let-7b loss of expression and the development of poorly differentiated carcinoma, the
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fact that can explain the presence of downregulation findings of Let-7b even in the first group
where the histological changes included only mild dysplasia. With few exceptions, absence or
downregulation of the Let-7b is closely correlated with aggressive or high-grade tumors, and
poor prognosis, while higher levels of expression can be associated with good prognosis and
probably prolonged survival, suggesting the Let-7b to be a good diagnostic and prognostic tool
for oral malignancies [27]. According to our results, Let-7b can be classified as a TS. However,
Chirshev and his team reported that Let-7, in rare cases, can act as an OG [28]. Similarly, Let-
7b downregulation was observed in serum samples as well. This aberrant expression was
observed formerly by many authors [29, 30].

The current investigation also aimed to assess the oncogenic mechanism of miRNA-96 in
tissue and serum samples. Up until now, miRNA-96 has been categorized as an OG in ovarian
cancer, breast cancers, head and neck squamous cell carcinoma, bladder cancer and
hepatocellular carcinoma [31-35]. Interestingly, it may act as a TS in colorectal cancer [36].
However, the downregulation results of miRNA-96 within the tissue and serum samples of our
study were inconsistent with the oncogenic role proposed by these studies. According to
Piotrowski and colleagues, a non- significant expression of the miRNA-96 in oral cancer
tissues, with an upregulation in laryngeal tumor tissues of the same patient observed in their
study. [37]. The current results agree with a fact that in certain cases the same miRNA, like
miRNA-96, can act as an OG in a particular cell type and as a TS in another. The dual activity
of some miRNAs is probably related to the tissue-specific nature of that miRNA expression
which suggests that different cancers can express certain miRNA signatures [38].

Conclusion

The results indicated that histological and molecular findings can give a good evaluation
for cancer progression rather than being utilized individually. On the other hand, Let-7b was
markedly downregulated in both serum and tissue samples of the treated animals, and, therefore,
can be considered a good biomarker for OSCC in tissue and body fluid as well. Whereas
miRNA-96 demonstrated a controversial result as far as the tissue type is considered and, thus,
can play the role of an OG or a TS.
Acknowledgement

The authors would thank all who participated in the production of this work, especially the
staff of the general health laboratory of Duhok.

Ethics Approval

The study was conducted in accordance with the ethical principles that have their origin in
the Declaration of Helsinki. The study protocol and the subject information and consent form
were reviewed and approved by a local ethics committee according to the document number
12092018-7 in 12/09/2018.

Competing Interests
The authors declare that they have no competing interests.

References

[1] H. Sung, J. Ferlay, R. L. Siegel, M. Laversanne, I. Soerjomataram, A. Jemal, and F. Bray, "Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers
in 185 countries," CA: a cancer journal for clinicians, vol. 71, no. 3, pp. 209-249, 2021.

[2] J. Singh, R. Ramamoorthi, S. Baxi, and M. Thomas, "The risk factors of head and neck cancer and
their general patterns in Australia: a descriptive review and update,” Journal of Environmental
Pathology, Toxicology and Oncology, vol. 33, no. 1, 2014.

[3] C.Fangand Y. Li, "Prospective applications of microRNAs in oral cancer,” Oncology Letters, vol.
18, no. 4, pp. 3974-3984, 2019.

3636



Mabher et al. Iragi Journal of Science, 2024, Vol. 65, No. 7, pp: 3630-3638

[4]

[5]

(6]

[7]
(8]

9]

[10]

[11]
[12]

[13]

[14]

[19]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

R. D. Ghosh, A. Pattatheyil, and S. Roychoudhury, "Functional landscape of dysregulated
microRNAs in oral squamous cell carcinoma: clinical implications,” Frontiers in oncology, vol.
10, p. 619, 2020.
K. Rishabh, S. Khadilkar, A. Kumar, |. Kalra, A. P. Kumar, and A. B. Kunnumakkara,
"MicroRNAs as Modulators of Oral Tumorigenesis—A Focused Review," International Journal
of Molecular Sciences, vol. 22, no. 5, p. 2561, 2021.
A Schneider, B.Victoria, Y.N. Lopez, W. Suchorska, W. Barczak, A. Sobecka, W. Golusinski,
M.M. Masternakand, and P. Golusinski, "Tissue and serum microRNA profile of oral squamous
cell carcinoma patients," Scientific reports, vol. 8, no. 1, pp. 1-8, 2018.
D. Barh, R. Malhotra, B. Ravi, and P. Sindhurani, "MicroRNA let-7: an emerging next-generation
cancer therapeutic,” Current oncology, vol. 17, no. 1, pp. 70-80, 2010.
A.F. Gharib, E.M. Eed, A.S. Khalifa, N. Raafat, S. Shehab-Eldeen, H.R. Alwakeel, E. Darwiesh,
and A. Essa, "Value of Serum miRNA-96-5p and miRNA-99a-5p as Diagnostic Biomarkers for
Hepatocellular Carcinoma," International Journal of General Medicine, vol. 15, p. 2427, 2022.
D. H. EI-Rouby, "Histological and immunohistochemical evaluation of the chemopreventive role
of lycopene in tongue carcinogenesis induced by 4-nitroquinoline-1-oxide," Archives of oral
Biology, vol. 56, no. 7, pp. 664-671, 2011.
C. Rajan, V.G. Roshan, I. Khan, V.G. Manasa, I. Himal, J. Kattoor, S. Thomas, P. Kondaiah, and
S. Kannan, "MiRNA expression profiling and emergence of new prognostic signature for oral
squamous cell carcinoma,"” Scientific reports, vol. 11, no. 1, pp. 1-12, 2021.
K. S. Suvarna, C. Layton, and J. D. Bancroft, Bancroft's theory and practice of histological
techniques E-Book. Elsevier health sciences, 2018.
I. Kramer, "Definition of leukoplakia and related lesions: an aid to studies on oral precancer,"
Oral Surg Oral Med Oral Pathol, vol. 46, pp. 518-539, 1978.
F. Dost, K. Le Cao, P. Ford, C. Ades, and C. Farah, "Malignant transformation of oral epithelial
dysplasia: a real-world evaluation of histopathologic grading," Oral surgery, oral medicine, oral
pathology and oral radiology, vol. 117, no. 3, pp. 343-352, 2014.
Y. Wang, J. Zhou, Y. Chen, C. Wang, E. Wu, L. Fu, and C. Xie, "Quantification of distinct let-7
microRNA family members by a modified stem-loop RT-gPCR," Molecular Medicine Reports,
vol. 17, no. 3, pp. 3690-3696, 2018.
H.-M. Song et al., "MicroRNA-96 plays an oncogenic role by targeting FOXO1 and regulating
AKT/FOXO1/Bim pathway in papillary thyroid carcinoma cells,” International journal of
clinical and experimental pathology, vol. 8, no. 9, p. 9889, 2015.
K. J. Livak and T. D. Schmittgen, "Analysis of relative gene expression data using real-time
quantitative PCR and the 2— AACT method," methods, vol. 25, no. 4, pp. 402-408, 2001.
W. Dong, L. Zhao, S. Zhang, S. Zhang, and H. Si, "Circ-KIAA0907 inhibits the progression of
oral squamous cell carcinoma by regulating the miR-96-5p/UNC13C axis," World Journal of
Surgical Oncology, vol. 19, no. 1, pp. 1-13, 2021.
H. Kawasaki and H. Amano, "Anti-inflammatory role of microRNA-429 in human gingival
epithelial cells-inhibition of IL-8 production through direct binding to IKKf mRNA," Molecular
Medicine Reports, vol. 24, no. 2, pp. 1-11, 2021.
F. A. P. Ribeiro, C.F.G de Moura, A.P.B. Gollucke, M.S. Ferreira, R.R. Catharino, Jr. O. Aguiar,
R.C Spadari, L.F. Barbisan, and D.A Ribeiro, "Chemopreventive activity of apple extract
following medium-term oral carcinogenesis assay induced by 4-nitroquinoline-1-oxide," Archives
of Oral Biology, vol. 59, no. 8, pp. 815-821, 2014.
M. Al-Koshab, A. M. Alabsi, M. Mohd Bakri, R. Ali-Saeed, and M. Selvi Naicker, "Antitumor
activity of Ficus deltoidea extract on oral cancer: an in vivo study,” Journal of oncology, vol.
2020, 2020.
D. A. Ribeiro and D. M. F. Salvadori, "Gingival changes in wistar rats after oral treatment with
4-nitroquinoline 1-oxide," European journal of dentistry, vol. 1, no. 03, pp. 152-157, 2007.
D. A. Ribeiro, D. M. Salvadori, and M. E. Marques, "Abnormal expression of bcl-2 and bax in
rat tongue mucosa during the development of squamous cell carcinoma induced by 4-
nitroquinoline 1-oxide," International journal of experimental pathology, vol. 86, no. 6, pp. 375-
382, 2005.

3637



Mabher et al. Iragi Journal of Science, 2024, Vol. 65, No. 7, pp: 3630-3638

[23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Y. Peng and C. M. Croce, "The role of MicroRNAs in human cancer,” Signal transduction and
targeted therapy, vol. 1, no. 1, pp. 1-9, 2016.

K. Otmani and P. Lewalle, "Tumor suppressor miRNA in cancer cells and the tumor
microenvironment: mechanism of deregulation and clinical implications,” Frontiers in oncology,
vol. 11, 2021.

L. Ramdas, U. Giri, C.L. Ashorn, K.R. Coombes, A. El-Naggar, K.K. Ang, and M.D. Story,
"miRNA expression profiles in head and neck squamous cell carcinoma and adjacent normal
tissue," Head & Neck: Journal for the Sciences and Specialties of the Head and Neck, vol. 31,
no. 5, pp. 642-654, 2009.

N. Kou, S. Liu, X. Li, W. Li, W. Zhong, L. Gui, S. Chai, X. Ren, R. Na, T. Zeng, and H. Liu,
"H19 facilitates tongue squamous cell carcinoma migration and invasion via sponging miR-let-
7," Oncology research, vol. 27, no. 2, p. 173, 2019.

M.-E. Gilles and F. J. Slack, "Let-7 microRNA as a potential therapeutic target with implications
for immunotherapy,” Expert opinion on therapeutic targets, vol. 22, no. 11, pp. 929-939, 2018.
E. Chirshev, K. C. Oberg, Y. J. loffe, and J. J. Unternaehrer, "Let-7 as biomarker, prognostic
indicator, and therapy for precision medicine in cancer," Clinical and translational medicine, vol.
8, no. 1, pp. 1-14, 2019.

R. Ghanbari, N. Mosakhani, V.K. Sarhadi, G. Armengol, N. Nouraee, A. Mohammadkhani, S.
Khorrami, E. Arefian, M. Paryan, R. Malekzadeh, and S. Knuutila, "Simultaneous
underexpression of let-7a-5p and let-7f-5p microRNAs in plasma and stool samples from early
stage colorectal carcinoma: supplementary issue: biomarkers for colon cancer," Biomarkers in
cancer, vol. 7, p. BIC. S25252, 2015.

H. Dou, Y. Wang, G. Su, and S. Zhao, "Decreased plasma let-7c and miR-152 as noninvasive
biomarker for non-small-cell lung cancer," International journal of clinical and experimental
medicine, vol. 8, no. 6, p. 9291, 2015.

B. Liu, J. Zhang, and D. Yang, "miR-96-5p promotes the proliferation and migration of ovarian
cancer cells by suppressing Caveolael," Journal of Ovarian Research, vol. 12, no. 1, pp. 1-9,
20109.

Y. Hong, H. Liang, Y. Wang, W. Zhang, Y. Zhou, SA. Chen, M. Yu, S. Cui, M. Liu, N. Wang,
and C. Ye, "miR-96 promotes cell proliferation, migration and invasion by targeting PTPN9 in
breast cancer," Scientific reports, vol. 6, no. 1, pp. 1-16, 2016.

M. Vahabi, C. Pulito, A. Sacconi, S. Donzelli, M. D’Andrea, V. Manciocco, R. Pellini, P. Paci,
G. Sanguineti, L. Strigari, and G. Spriano, "miR-96-5p targets PTEN expression affecting radio-
chemosensitivity of HNSCC cells," Journal of Experimental & Clinical Cancer Research, vol.
38, no. 1, pp. 1-16, 2019.

Z. Wu, K. Liu, Y. Wang, Z. Xu, J. Meng, and S. Gu, "Upregulation of microRNA-96 and its
oncogenic functions by targeting CDKNZ1A in bladder cancer," Cancer cell international, vol. 15,
no. 1, pp. 1-9, 2015.

S. Ning, H. Liu, B. Gao, W. Wei, A. Yang, J. Li, and L. Zhang, "miR-155, miR-96 and miR-99a
as potential diagnostic and prognostic tools for the clinical management of hepatocellular
carcinoma," Oncology letters, vol. 18, no. 3, pp. 3381-3387, 2019.

A. L. Ress, V. Stiegelbauer, E. Winter, D. Schwarzenbacher, T. Kiesslich, S. Lax, S. Jahn, A.
Deutsch, T. Bauernhofer, H. Ling, and H. Samonigg, "MiR-96-5p influences cellular growth and
is associated with poor survival in colorectal cancer patients,” Molecular carcinogenesis, vol. 54,
no. 11, pp. 1442-1450, 2015.

I. Piotrowski, X. Zhu, T.D. Saccon, S. Ashiqueali, A. Schneider, A.D. de Carvalho Nunes, S.
Noureddine, A. Sobecka, W. Barczak, M. Szewczyk, and W. Golusinski, "miRNAs as biomarkers
for diagnosing and predicting survival of head and neck squamous cell carcinoma patients,"”
Cancers, vol. 13, no. 16, p. 3980, 2021.

I. Berindan-Neagoe, P. d. C. Monroig, B. Pasculli, and G. A. Calin, "MicroRNAome genome: a
treasure for cancer diagnosis and therapy,” CA: a cancer journal for clinicians, vol. 64, no. 5, pp.
311-336, 2014.

3638



