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ABSTRACT

BACKGROUND: Triple-Negative Breast Cancer (TNBC)
have targets for therapy, and accounts for 15% of all Breast Cancers (BCs).
N6-methyladenosine (m6A) modification has been reported to play
important role in the progression of various cancers. However, the
expression and function of the m6A methyltransferase METTL14 in TNBC
are unclear.

MATERIALS AND METHODS: The microRNA (miRNA) and
mRNA count data of BC patients providing both tumor tissues and
matched normal tissues were downloaded from The Cancer Genome Atlas
(TCGA) data portal. The expression of METTL14 was determined by
immunohistochemistry and western blotting. The expression of hsa-
miR-1247 was determined by qRT-PCR. The function of METTL14 was
analyzed by colony assays. Cox regression analysis was applied to assess the
expression levels of METTL14 and Differentially Expressed microRNAs
(DEmiRNAs). Kaplan-Meier survival analysis was performed to establish the
correlation between expression levels and BC patient survival.

does not

DISCUSSION: RNA m6A modification has been suggested as
another pattern of epigenetic regulation, similar to histone and DNA
methylation. Some methyltransferases and demethylases mediate
this dynamic modification. METTL3, METTL14, FTO, NSun2, YTHDF2, and
ALKBH5 have previously been identified as abnormally methylated
molecules in different types of cancers.

RESULTS: We discovered that METTL14 is significantly downregulated
in TNBC tissues and that low expression of METTL14 is correlated with
worse differentiation, higher proliferation and poorer survival, suggesting
its potential as an independent prognostic biomarker for TNBC. We also
found a positive correlation between the expression levels of METTL14 and
hsa-miR-1247 in TNBC tissues and cell lines. Moreover, hsa-miR-1247 was
significantly downregulated in TNBC tissues and this downregulation was
related to poorer survival.

CONCLUSION: Our data suggest that METTL14 and miR-1247 could
be valuable diagnostic tools, prognostic biomarkers, and therapeutic targets

for TNBC.
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INTRODUCTION

Breast Cancer (BC) is a heterogeneous disease. Despite this, clinical
treatment is based on just three biomarkers: Human Epidermal Growth
Factor Receptor (HER2), Progesterone Receptor (PR), and Estrogen
Receptor (ER) [1]. Triple-Negative Breast Cancer (TNBC) does not express
any of these three biomarkers and accounts for 15% of all BCs. Due to the
lack of these receptors as targets for therapy; the main treatment for patients
with TNBC is chemotherapy [2]. However, TNBC has a high recurrence rate
and is likely to progress greater disease progression after treatment [3]. The
high proliferation, high histological grade, and metaplastic characteristics
of TNBC lead to poor outcomes [4]; thus, research on the molecular
mechanisms behind TNBC progression is urgently needed.

N6-methyladenosine (m6A) is the most common reversible modification
of human mRNA, rRNA, tRNA, microRNA (miRNA), and long noncoding
(IncRNA) [5-7]. Studies have suggested that m6A has an effect on cell meiosis
and differentiation [8, 9] that is related to its role in cancer development.
Two types of key catalytic proteins are involved in m6A modification: the
first type includes METTL3, METTL14, and WTAP, which form a critical
methyltransferase complex that assembles multiple methyl groups onto RNA;
the second type includes FTO and ALKBHS5, which can reverse methylation
as they are demethylases [10]. m6A modification is dynamically regulated by
the interaction of m6A methyltransferases and demethylases. METTL14 has
been reported to inhibit hematopoietic/progenitor cell differentiation,
thus promoting leukemogenesis [11]. Ma et al. discovered that METTL14
promotes hepatocellular carcinoma metastasis via the repression
of miRNA-126 expression, which implies that METTL14 contributes to
cancer progression via different miRNAs [12]. However, the function of
METTL14 in BC remains largely unknown.

miRNAs, small RNAs with a length of approximately 20-24 nucleotides,
exist in a variety of mammalian organs and have been found to play an
important role in regulating gene expression at the posttranscriptional level.
Studies have shown that miRNAs are involved in tumor progression and
that they can function as oncogenes and tumor suppressor genes [13, 14].
In the present study, we primarily used The Cancer Genome Atlas (TCGA)
database to explore the expression of METTL14 in patients with different

ER, PR, and HER?2 statuses and analyzed the associations between METTL14
expression level and prognosis and pathological parameters as well as the
function of METTL14 in TNBC cell line proliferation. We also identified
some miRNAs that are highly correlated with METTL14, which is related to
a poor prognosis in BC patients. Furthermore, we confirmed the expression
of miRNAs using qRT-PCR. Our findings will be helpful for understanding
the mechanism underlying TNBC progression.

MATERIALS AND METHODS
Patients and samples

This study was approved by the Ethics Committee of the Maternal and
Children Health Hospital of Hubei Province. The raw RNA-seq reads of
breast carcinoma tissues and matched normal tissues and the corresponding
clinical information of 96 patients were downloaded from the TCGA
database. In addition, we collected fresh BC tissues and paracancerous tissues
from patients without other malignancies who did not receive preoperative
radiotherapy or chemotherapy. We obtained informed consents from all
patients. Tissues were immediately frozen in liquid nitrogen after surgical
resection and stored until protein and RNA extraction.

Acquisition and analysis of miRNA and mRNA expression profiles

The miRNA and mRNA count data of BC patients providing both tumor
tissues and matched normal tissues were downloaded from the TCGA data
portal. The miRNA expression profiles were generated using an Illumina
HiSeq 2000 miRNA sequencing platform, and the mRNA expression profiles
were produced using an [llumina HiSeq 2000 RNA sequencing platform. We
used fragments per kilobase of transcript per million mapped reads (FPKM)
[15, 16] as a means of quantitatively expressing transcriptome data. After the
deletion of data without expression, METTL14 expression was compared
between the tumor tissues and normal tissues using FPKM. The miRNA-
seq data were analyzed by ‘edgeR’, which is a Bioconductor package based
on the R programming language used for differential expression analysis;
miRNAs with a False Discovery Rate (FDR) <0.01, log2 fold change >2, and
p<0.01 were defined as differentially expressed miRNAs (DEmiRNAs) and
were used for further analysis.
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Immunohistochemistry (IHC)

We collected 20 benign breast tissue specimens and 82 BC specimens in the
Pathology of the Maternal and Children Health Hospital of Hubei Province
from 2016 to 2019. For METTL14 (1:1000 dilution; Sigma HPA038002-
100UL) and Ki67 (ready-to-use; Gene Tech) detection, heatmediated antigen
retrieval was carried out with 10 mM Tris base, 1 mM EDTA and 0.05%
Tween 20 at a pH of 9. The slides were processed with the Envision/HRP
kit and a 3,3’-diaminobenzidine (DAB) substrate kit (DAKO). The slides
were counterstained with hematoxylin and dehydrated using graded alcohols
and xylene. All tissues were scored by two experienced pathologists in a
blinded manner based on staining intensity. At least five representative fields
of each slide were counted using a 20x objective. The level of METTL14
immunofluorescent staining was classified according to the following scale:
0, no staining; 1, weakly positive; 2, positive; and 3, strongly positive.

Western blot analysis

Total protein was extracted using RIPA lysis buffer (Sigma), and the protein
concentration was measured using a Bicinchoninic Acid (BCA) detection
kit (Pierce) according to the manufacturetr’s instructions. Protein samples
were separated on 10% polyacrylamide gels and were then transferred onto
a nitrocellulose membrane (Hybond). The membranes were blocked with
5% nonfat milk for 1 h at room temperature and were then incubated with
anti-METTL14 antibodies (1:300 dilution; Sigma HPA038002-100UL)
and actin (1:1000; Proteintech) at 4°C overnight. After incubation with
IgG fluorescently labeled goat anti-rabbit IRDyeTM secondary antibodies
(1:5000), band signals were detected using the Odyssey system (Bio-Rad Life
Sciences).

qRT-PCR

Total RNA was extracted from four pairs of TNBC tissue specimens and
matched normal tissue specimens with TRIzol reagent (Invitrogen) for
qRT-PCR validation. After RNA isolation, M-MLV reverse transcriptase
(Invitrogen, USA) was used to synthesize cDNA. Subsequently, we prepared
the QRT-PCR system with a total volume of 10 pl containing 0.5 pl forward
PCR primer (10 pM), 0.5 pl reverse PCR primer (10 uM), 1 pl cDNA, 5
ul 2x Master Mix, and 3 pl double-distilled water. The reaction conditions
were 95°C for 10 min and then 95°C (15 sec) and 60°C (60 sec) for a total
of 40 cycles. U6 was used as an endogenous control for quantification of
pri-miRNAs and miRNAs. Relative expression levels were calculated using
the AACt method. The hsa-miR-1247 primer was purchased from Tiangen
Biochemical Technology Co., Ltd. (Beijing, China) without disclosure of the
proprietary primer sequences. The following U6 primers were synthesized by
Tsingke Biotechnology Co., Ltd. (Beijing, China):

ue: F, 5-~GATGACACGCAAATTCGTGAA-3’
R, 5-GCTGTCAACGATACGCTACG-3’
Cell culture and transfection

MDA-MB-468 cells were purchased from Procell Life Science & Technology
Co., Ltd. and continuously maintained in McCoy’s 5A media (Gibco,

16600108) supplemented with 10% Fetal Bovine Serum (FBS) and 1% 100x
penicillin/streptomycin (pen/strep) (Gibco, 15, 140) at 37°C in a humidified
atmosphere containing 5% CO,. After culture for 24 h at 70% density,
the cell transfection assay was carried out according to the manufacturer’s
instructions for the METTL14 siRNA (siMETTL14) and siRNA negative
control (RiboBio).

Colony formation assays

MDA-MB-468 cells (1000) transfected with siMETTL14 were seeded in
6-well ultralow-attachment plates. The growth medium was replaced every
3 days. The former colonies were photographed for size assessment at 14
days posttreatment. Colonies withy diameters >50 um were counted in three
different wells.

Statistical analysis and graphs

All data are presented as the mean + SEM. Statistical analyses were performed
using Student’s t-tests for two group comparisons and one-way ANOVA for
multiple comparisons. Pearson correlation coefficients (r) were calculated
to assess correlations, and statistical significance was assessed by two-tailed
t-tests of r=0. Statistical analyses of METTL14 immunofluorescence staining
scores in benign breast tissues and BC tissues were performed using x2
tests. GraphPad Prism 5.0 was used to create graphs. Data were analyzed
using SPSS 16.0 software, and p<0.05 was considered to indicate statistical
significance.

RESULTS

METTL14 is downregulated in BC tissues, especially TNBC tissues, and
serves as a prognostic factor

TCGA database analysis suggested that METTL14 was downregulated in
96 BC tissues compared to their matched normal tissues (Figure 1). We
further investigated the expression patterns of METTL14 in patients with
different ER, PR, and HER2 statuses. The results showed that METTL14
was significantly down regulated in TNBC patients compared to ER+/
PR+/HER2+ and ER+/PR+/HER2- patients. Differential expression of
METTLI14 between ER+/PR+/HER2+ and ER+/PR+/HER2- patients
and ER-/PR-/HER2+ patients was not statistically significant (Figure 1).
Consistently, the IHC and western blotting results revealed a significant
decrease in METTL14 expression in TNBC tumor tissues at the protein
level (Figure 1). To analyze the correlations between METTL14 expression
and clinicopathological characteristics, we divided BC tissues into high and
low METTL14 groups based on the median expression level. The results
suggested that low METTL14 expression was associated with differentiation
and Ki67 proliferation (Table 1). Kaplan-Meier analysis showed that BC
patients with low levels of METTL14 had poorer Recurrence-Free Survival
(RFS) (Figure 1).

Differentially expressed microRNAs (DEmiRNAs) and their correlations
with the expression levels of METTL14 in TNBC patients

We downloaded the count data of miRNAs and then analyzed the
differentially expressed miRNAs between TNBC tissues and matched

TABLE 1
Correlations between METTL14 expression levels and the clinicopathological features of BC patients
METTL14 expression
Parameters N (cases) - p value
Low (n=35) High(n=34)
Age
<50 years 34 16 18 0.633
>50 years 35 19 16
Differentiation
Grade 1 2 1 1 N
0.011
Grade 2 33 1 22
Grade 3 34 23 1"
Size of tumor (cm)
<3 51 24 27 0.413
>3 18 11 7
Lymph node mestasis
No 34 16 18 0.633
Yes 35 19 16
Ki67 .
<20% 16 4 12 0.024
20% 53 31 22
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Figure 1) METTL14 is downregulated in BC tissues, especially in TNBC tissues, and serves as a prognostic factor (A) A comparison of METTL14 expression between breast
tumor tissues and adjacent normal tissues (n=96) (B) breast tumor tissues with different ER, PR, and HER2 statuses, including ER./PR./HER2- (n=8), ER./PR./HER2+
(n=4), ER+/PR+/HER2- (n=32), and ER+/PR+/HER2+ (n=14). Statistical significance was determined using t-tests and oneway ANOVA (C) IHC staining of breast tissues
for METTL14 (D) Quantification of IHC staining in normal breast tissues (n=21) and TNBC tissues (n=47) (E) Western blots for METTL14 in TNBC patients (n=4) (F)
Kaplan-Meier survival curves of RFS based on METTL14 expression in BC created using the online bioinformatics tool Kaplan-Meier plotter

normal tissues using the cutoff criteria of FDR<0.01, log2-fold change >2,
and p<0.01. There were 32 downregulated miRNAs and 46 upregulated
miRNAs (Figure 2). We primarily focused on the downregulated miRNAs,
and regression analyses were executed to assess the correlations between for
the expression levels of METTL14 and DEmiRNAs. Positive correlations
were found between the expression levels of METTLI14 and those of the
following miRNAs: hsa-miR-495, hsa-miR-432, hsa-miR-5683, hsa-miR-1247,
and hsa-miR-10b (Figure 2).

Prognostic analysis of representative downregulated miRNAs and
validation of the expression of miRNAs in TNBC tissues

Kaplan-Meier analysis showed that BC patients with low levels of hsa-
miR-1247 had poorer OS and that there were no differences in the
expression levels of hsa-miR-43, hsa-miR-495, hsa-miR-5683, and hsa-miR-

J Histol Histopathol Res Vol 6 No 2 February 2022

10b (Figure 3). Previous TCGA analysis has already shown that low levels
of hsa-miR-1247 lead to a poor prognosis in BC patients, so we validated its
expression in four pairs of TNBC tissues and matched normal tissues using
RT-PCR. RT-PCR assays suggested that hsa-miR-1247 was downregulated in
TNBC tissues compared to normal tissues (Figure 3).

METTL14 modulates miR-1247 expression and drives the malignant
proliferation of TNBC cells

Among the downregulated miRNAs, miR-1247 was positively correlated
with METTL14, and low levels of hsa-miR-1247 were related to poorer OS.
We assumed that reduced METTL14 expression in TNBC might contribute
to the downregulation of miR-1247. To verify this, we established MDA-
MB-468 cells with stable knockdown of METTL14 by transfection with
METTL14 small interfering RNA (siRNA) (Figure 4). As expected, miR-1247
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Figure 2) DEmiRNAs and their correlations with the expression levels of METTL14 in TNBC patients (A) Volcano plot of DEmiRNAs in TNBC tissues (B) METTL14
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Figure 3) Prognostic analysis of representative downregulated miRNAs and validation of the expression of miRNAs in TNBC tissues (A) hsa-miR-495 (B) hsa-miR-432 (C)
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Figure 4) METTL 14 modulates miR-1247 expression and drives the malignant proliferation of TNBC cells (A) METTL14 knockdown in MDA-MB-468 cells (B) miR-1247
was quantified by qRT-PCR upon METTL14 depletion in MDA-MB-468 cells (C) Figure shows the effect of siMETTL 14 on the colony formation ability of MDA-MB-468 cells
was detected by colony assays (D) Graph shows the effect of siMETTL14 on the colony formation ability of MDA-MB-468 cells was detected by colony assays
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expression was remarkably decreased in METTL14-depleted cells (Figure 4).
Importantly, METTL14 knockdown significantly promoted MDA-MB-468

colony formation (Figure 4).
DISCUSSION

RNA m6A modification has been suggested as another pattern of epigenetic
regulation, similar to histone and DNA methylation. Some methyltransferases
and demethylases mediate this dynamic modification. METTL3, METTL14,
FTO, NSun2, YTHDF2, and ALKBH5 have previously been identified
as abnormally methylated molecules in different types of cancers [17]. In
addition to regulating mRNA expression, m6A methylation also affects
the processing of priemiRNAs and regulates the generation of

mature miRNAs. Ma et al discovered that METTL14 promotes
hepatocellular  carcinoma  metastasis by repressing miRNA-126
expression, and another study found that METTL3 promotes the

progression of BC by inhibiting the tumor suppressor let-7¢ [18]. However,
few studies have directly focused on METTL14 and its effect on miRNA
expression in BC. Analyses of METTL14 expression status in the TCGA
database and BC tissues and analysis of the role of METTL14 in TNBC
cell line proliferation indicated that METTL14 is significantly correlated
with TNBC, revealing that METTL14 can serve as a biomarker for further
classification of TNBC and as a prognostic factor for tumor recurrence in

BC.

Genome-wide predictions suggest that miRNAs regulate more than
60% of protein-coding genes. The dysregulation of specific miRNAs
could be associated with different cancers, including TNBC [19]. Our
data showed that the expression of five miRNAs was positively correlated
with that of METTL14 in TNBC, indicating that METTL14 may influence
miRNA expression through RNA methylation modification. Next, we
focused on the prognostic significance of miRNAs that were positively
correlated with METTL14. Kaplan-Meier survival curves suggested that
miR-1247 downregulation alone is significantly associated with patient
overall survival. As a member of the miR-1247 family, miR-1247-5p has
been proven to play a crucial role in tumor progression. Its expression has
been reported to decrease in human cancers. Some studies have shown
that miR-1247-5p, a novel tumor suppressor, can act as a potential
biomarker and therapeutic agent for a variety of cancers [20-22]. It has been
reported that downregulation of miR-1247-5p is associated with a poor
prognosis and that this downregulation facilitates tumor cell growth via
DVL1/Wnt/ PB-catenin signaling in BC [23]. Our data showed that
miR-1247 expression is significantly decreased in TNBC tissues compared
to normal breast tissues, suggesting that miR-1247 can serve as a potential
biomarker for TNBC.

CONCLUSION

OQur results provide novel insights into the mechanisms underlying
the pathogenesis of TNBC. Our data may serve as a foundation for
further functional research into m6A in TNBC and suggest that
METTL14 and miR-1247 could be valuable diagnostic tools, prognostic
biomarkers, and therapeutic targets for TNB.

REFERENCES

1. Foulkes WD, Smith IE, Reis-Filho JS. Triple-negative breast cancer. N
Engl ] Med. 2010;363(20):1938-1948.

2. Sohn J, Liu S, Parinyanitikul N, et al. Cmet activation and egfr-directed
therapy resistance in triple-negative breast ] Cancer.

2014,5(9):745-753.

3. Nofech-Mozes S, Trudeau M, Kahn HK| et al. Patterns of recurrence in
the basal and non-basal subtypes of triple-negative breast cancers. Breast

Cancer Res Treat. 2009;118:131-137.

cancer.

4.  Stevens KN, Vachon CM, Couch FJ. Genetic susceptibility to triple-
negative breast cancer. Cancer Res. 2013;73:2025-2030.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Chandola U, Das R, Panda B. Role of the n6-methyladenosine rna mark
in gene regulation and its implications on development and disease.

Brief Funct Genomics. 2015;14:169-179.

Alarcon CR, Lee H, Goodarzi H, et al. N6-methyladenosine marks
primary micrornas for processing. Nature. 2015;519:482-485.

Jia G, Fu Y, Zhao X, et al. N6-methyladenosine in nuclear rna is a
major substrate of the obesity-associated fto. Nature Chemical Biology.

2011;7:885-887.

Chen T, Hao Y], Zhang Y, et al. M(6)a rna methylation is regulated by
micrornas and promotes reprogramming to pluripotency. Cell Stem

Cell. 2015;16:289-301.

Geula S, Moshitch-Moshkovitz S, Dominissini D, et al. Stem cells. M6a
mrna methylation facilitates resolution of naive pluripotency toward

differentiation. Science. 2015;347:1002-1006.

Deng X, Su R, Weng H, et al. RNA n(6)-methyladenosine modification
in cancers: Current status and perspectives. Cell Res. 2018;28:507-517

Weng H, Huang H, Wu H, et al. Mettl14 inhibits hematopoietic stem/
progenitor differentiation and promotes leukemogenesis via mrna m(6)a
modification. Cell Stem Cell. 2018;22:191-205.e199.

Ma]Z, Yang F, Zhou CC, et al. Mettl 14 suppresses the metastatic potential
of hepatocellular carcinoma by modulating n(6) -methyladenosine-
dependent primary microrna processing. Hepatology. 2017;65:529-543

Lagos-Quintana M, Rauhut R, Lendeckel W, et al. Identification of novel
genes coding for small expressed RNAs. Science. 2001;294:853-858.

Cai Z, Cao R, Zhang K, et al. Oncogenic mir-17/20a forms a positive
feed-forward loop with the p53 kinase dapk3 to promote tumorigenesis.

] Biol Chem. 2015;290:19967-19975.

Mortazavi A, Williams BA, McCue K, et al. Mapping and quantifying
mammalian transcriptomes by rna-seq. Nat Methods. 2008;5:621-628.

Han L, Yuan Y, Zheng S, et al. The pan-cancer analysis of pseudogene
expression reveals biologically and clinically relevant tumour subtypes.
Nature Communications. 2014;5:3963.

Vu LP, Pickering BF, Cheng Y, et al. The n(6)-methyladenosine (m(6)
a)forming enzyme mettl3 controls myeloid differentiation of normal

hematopoietic and leukemia cells. Nat Med. 2017;23;1369-1376.

Cai X, Wang X, Cao C, et al. Hbxip-elevated methyltransferase
mettl3 promotes the progression of breast cancer via inhibiting tumor
suppressor let-7g. Cancer Lett. 2018;415:11-19.

Shan Y, Liu Y, Zhao L, et al. Microrna-33a and let-7e inhibit human
colorectal cancer progression by targeting ST8SIAI. Int ] Biochem Cell
Biol. 2017;90:48-58.

Shi S, Lu Y, Qin Y, et al. miR-1247 is correlated with prognosis of
pancreatic cancer and inhibits cell proliferation by targeting neuropilins.

Curr Mol Med. 2014;14:316-321.

Zhao F, Lv ], Gan H et al. MiRNA profile of osteosarcoma with cd117
and stro-1 expression: miR-1247 functions as an onco-mirna by targeting

map3k9. Int J Clin Exp Pathol. 2015;8:1451-1458.

Zhang ], FuJ, et al. Silencing of mir-1247 by DNA methylation promoted
non-small-cell lung cancer cell invasion and migration by effects of

stmn 1. Onco Targets Ther 2016;9:7297-7307.

Zeng B, Li Y, Feng Y, et al. Downregulated mir-1247-5p associates with
poor prognosis and facilitates tumor cell growth via dvll/wnt/beta-
catenin signaling in breast cancer. Biochem Biophys Res Commun.

2018;505:302-308.

JHistol Histopathol Res Vol 6 No 2 February 2022


https://pubmed.ncbi.nlm.nih.gov/25305461/
https://pubmed.ncbi.nlm.nih.gov/25305461/
https://pubmed.ncbi.nlm.nih.gov/25305461/
https://pubmed.ncbi.nlm.nih.gov/25799998/
https://pubmed.ncbi.nlm.nih.gov/25799998/
https://www.nature.com/articles/nchembio.687
https://www.nature.com/articles/nchembio.687
https://www.nature.com/articles/nchembio.687
https://pubmed.ncbi.nlm.nih.gov/25683224/
https://pubmed.ncbi.nlm.nih.gov/25683224/
https://pubmed.ncbi.nlm.nih.gov/25683224/
https://pubmed.ncbi.nlm.nih.gov/25569111/
https://pubmed.ncbi.nlm.nih.gov/25569111/
https://pubmed.ncbi.nlm.nih.gov/25569111/
https://pubmed.ncbi.nlm.nih.gov/29686311/
https://pubmed.ncbi.nlm.nih.gov/29686311/
https://pubmed.ncbi.nlm.nih.gov/29290617/
https://pubmed.ncbi.nlm.nih.gov/29290617/
https://pubmed.ncbi.nlm.nih.gov/29290617/
G:\Covid-Time-Articles\PULHHR\PULHHR-Volume-6\PULHHR-Volume-6.2\PULHHR-Vol-6.2_W\pulhhr-22-4092\4092.docx
G:\Covid-Time-Articles\PULHHR\PULHHR-Volume-6\PULHHR-Volume-6.2\PULHHR-Vol-6.2_W\pulhhr-22-4092\4092.docx
G:\Covid-Time-Articles\PULHHR\PULHHR-Volume-6\PULHHR-Volume-6.2\PULHHR-Vol-6.2_W\pulhhr-22-4092\4092.docx
https://pubmed.ncbi.nlm.nih.gov/11679670/
https://pubmed.ncbi.nlm.nih.gov/11679670/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4528155/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4528155/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4528155/
https://pubmed.ncbi.nlm.nih.gov/18516045/
https://pubmed.ncbi.nlm.nih.gov/18516045/
https://pubmed.ncbi.nlm.nih.gov/24999802/
https://pubmed.ncbi.nlm.nih.gov/24999802/
https://pubmed.ncbi.nlm.nih.gov/24999802/
https://pubmed.ncbi.nlm.nih.gov/28920958/
https://pubmed.ncbi.nlm.nih.gov/28920958/
https://pubmed.ncbi.nlm.nih.gov/28920958/
https://pubmed.ncbi.nlm.nih.gov/29174803/
https://pubmed.ncbi.nlm.nih.gov/29174803/
https://pubmed.ncbi.nlm.nih.gov/29174803/
https://pubmed.ncbi.nlm.nih.gov/28751193/
https://pubmed.ncbi.nlm.nih.gov/28751193/
https://pubmed.ncbi.nlm.nih.gov/28751193/
https://pubmed.ncbi.nlm.nih.gov/24588767/
https://pubmed.ncbi.nlm.nih.gov/24588767/
https://pubmed.ncbi.nlm.nih.gov/24588767/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4396303/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4396303/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4396303/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5138046/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5138046/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5138046/
https://pubmed.ncbi.nlm.nih.gov/30249392/
https://pubmed.ncbi.nlm.nih.gov/30249392/
https://pubmed.ncbi.nlm.nih.gov/30249392/
https://pubmed.ncbi.nlm.nih.gov/30249392/



