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Abstract: Oral squamous cell carcinoma (OSCC) remains to be a global health problem. However, the underlying
molecular mechanisms regulating the oral leukoplakia (OLK) to OSCC remain poorly known. MicroRNAs (miRNAs)
expression profiles of GSE33299 and GSE62809 were downloaded from gene expression omnibus (GEO) respec-
tively. R software and bioconductor packages were used to compare and identify the differentially expressed miR-
NAs between OLK tissues and OLK transformed OSCC (OLK-OSCC). The target genes of commonly changed miRNAs
were then subjected to gene ontology (GO) enrichment analysis, pathway analysis and miRNA-target genes network
analysis. The prediction power of commonly changed miRNAs was further tested in an independent cohort. In total,
161 (88 upregulated and 73 downregulated) and 68 (19 upregulated and 49 downregulated) markedly altered miR-
NAs were identified from GSE33299 and GSE62809 respectively. The downstream targets of these differentially
expression miRNAs in the two cohorts shared many top enriched GO and KEGG pathways. A set of three miRNAs
signature including miR-129-5p, miR-296-5p and miR-450b-5p was commonly changed in both GSE33299 and
GSE62809. Functional analysis revealed that the downstream target genes of the miRNA signature were associates
with transcriptional regulation, estrogen signaling pathway, p53 signaling pathway and RIG-I-like receptor signaling
pathway. This three-gene signature was further successfully validated in another independent cohort. The expres-
sion levels of miR-129-5p and miR-296-5p were significantly downregulated in OLK-OSCC tissues compared to OLK
tissues, while miR-450b-5p levels were higher in OLK-OSCC tissues. In addition, this three miRNAs signature could
discriminate OLK from OLK-OSCC with high accuracy. In conclusion, our study has identified a three miRNAs signa-
ture that might help predict the transformation of OLK to OSCC. Which will provide useful guidance for therapeutic
applications.

Keywords: Functional analysis, MicroRNAs, oral leukoplakia, oral squamous cell carcinoma

Introduction advanced stage. This highlights the importance
of developing reliable biomarkers for early

Head and neck squamous cell carcinoma detection of this deadly disease.

(HNSC) is the sixth leading cancer and oral

squamous cell carcinoma (OSCC) represents Oral leukoplakia (OLK) is an uncharacterized

about 90% of all oral neoplasms [1, 2]. A combi-
nation of genetic alterations, environmental
risk factors and viral infection might give rise to
this malignant condition. Despite great thera-
peutic advances have been made in the past
few decades, the five-year overall survival rate
for OSCC is stagnant at 50% [3]. The major rea-
son for the poor prognosis of OSCC is that most
cases are asymptomatic and diagnosed at

pathological condition with a plaque or white
patch in the buccal mucosa, alveolar mucosa,
or/and lower lip [4]. The characteristic histolo-
gic findings of OLK include, but are not limited
to, epithelial hyperplasia, and/or hyperkerato-
sis, with or without epithelial dysplasia or carci-
noma [5]. It is one of the most common oral
precancerous lesions and may transform into
OSCC. However, the underlying molecular
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mechanisms responsible for the progression
of OLK to OLK associated OSCC (OLK-OSCC)
remain poorly known.

MicroRNAs (miRNAs) are a class of endogenous
single-stranded non-coding RNAs with approxi-
mately 19-25 nucleotides in length [6]. They
negatively regulate gene expression by partial
complementary binding to the 3’untranslated
region (UTR) of target mRNAs. These small
molecules play critical roles in many important
cellular processes such as proliferation, differ-
entiation, survival and apoptosis. Compelling
evidences have demonstrated that miRNA
expression is deregulated in human cancer [7].
MiRNAs may function as either oncogenes or
tumor suppressors during cancer development
[8].

In this study, we first compared the common
differentially expressed miRNAs between OLK
and OLK-OSCC from different GEO studies and
identified a three-miRNA signature. Gene ontol-
ogy (GO) function and pathway enrichment
analysis as well as miRNA-target genes network
analysis were performed. This robust of miRNA
signature for discriminating OLK from OLK-
OSCC was successfully validated in another
independent cohort of patients.

Materials and methods
Data source

The original datasets comparing the gene
expression profiles between OLK and OLK-
OSCC were downloaded from NCBI GEO data-
bases. The accession number was GSE33299
and GSE62809 respectively. The microarray
data of GSE33299 was based on GPL14801
(Exigon custom Homo sapiens miRNA array,
Exigon, Woburn, MA, USA). The RNA-seq data
of GSE62809 was based on GPL16791
(IMlumina HiSeq 2500, lllumina Inc, San Diego,
CA, USA).

Data pre-processing and differential expres-
sion analysis

For GSE33299 microarray data, robust multi-
array average (RMA) approach was performed
for background correction and normalization.
Affy R package was used to convert the original
GEO data into expression measures. Limma R
package was then employed for identifying dif-
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ferentially expressed miRNAs. For GSE62809
RNA-seq data, edgeR package was used for
screening differentially expressed miRNAs. P <
0.05 and absolute log FC > 0.5 were chosen as
the cut-off criteria based on Benjamini &
Hochberg (BH) procedure. Heatmaps of differ-
entially expressed miRNAs between OLK and
OLK-OSCC were generated in pheatmap R
package with z-score normalization within each
row (gene).

Gene ontology enrichment analysis

Gene Ontology and KEGG pathway enrichment
analyses were performed using the Database
for Annotation, Visualization and Integrated
Discovery (DAVID) bioinformatics resource
(https://david-d.ncifcrf.gov/). The enriched bio-
logical processes (BP), cellular component (CC)
and molecular function (MF) as well as KEGG
pathway were obtained to analyze the target
genes of differentially expressed miRNAs as
well as the miRNA signature at the functional
level. P < 0.05 was set as the threshold value.

MiRNA-target genes network construction

The validated target genes of miR-129-5p,
miR-296-5p and miR-450b-5p was first down-
loaded from miRWalk2.0 (http://zmf.umm.uni-
heidelberg.de/apps/zmf/mirwalk2/). Then Cy-
toscape software (http://www.cytoscape.org/)
was employed for constructing and visualizing
the interacting network between interested
mMiRNAs and their downstream targets.

Patient cohort

The validation study was approved by the Ethic
Committee of the Stomatological Hospital,
Southern Medical University. The study speci-
mens comprised of 70 archival cases, of which
15 cases were healthy controls. 30 cases
were OLK and 25 cases were OLK-OSCC. The
patients in the OLK group and OLK-OSCC group
were age and sex-matched and pathologically
confirmed diagnosis. Written informed consent
was obtained from all the participants for the
use of their tissue specimens.

Real-time PCR

Total RNA was extracted from tissues using
an RNA purification kit (Quick-RNA MicroPrep,
Zymo Research Corp., Irvine, CA, USA) following
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Figure 1. Volcano plots of miRNAs between OLK-OSCC tissues and OLK tissues. X-axis indicates the p values (log-
scaled), whereas the Y-axis shows the fold change (log-scaled). Each symbol represents a different miRNA, and the
red/green color of the symbols categorize the upregulated/downregulated miRNAs.

manufacturer’s protocol. First-strand comple-
mentary DNA synthesis was performed using
the SuperScript 1l Reverse Transcriptase
(Invitrogen, Carlsbad, CA, USA). The cDNAs
were then amplified with Light Cycler 480°
SYBR Green | Master Mix (Roche, Applied
Science, Indianapolis, IN, USA) using the CFX96
Real-Time PCR detection system (Bio-Rad
Laboratories Inc., Hercules, CA, USA). U6 was
used as an endogenous control and the 244t
method was employed to calculate relative
expression levels of miRNAs. Real-time PCR
reactions were performed in triplicate.

Statistical analysis

Data analysis was performed with the GraphPad
Prism 7.0 (GraphPad, San Diego, CA, USA) and
MedCalc software (MedCalc, Ostend, Belgium).
One-way ANOVA was performed to compare the
expression levels of the miRNA signature (miR-
129-5p, miR-296-5p and miR-450b-5p) among
healthy control, OLK and OLK-OSCC in the vali-
dation cohort. Receiver operating characteris-
tic (ROC) analysis was used to estimate the per-
formance of the interested miRNA signature
and evaluate if combining biomarkers improves
sensitivity and specificity for predicting the
transformation of OLK to OLK-OSCC. All statisti-
cal tests were two-sided. A P value of less than
05 was considered statistically significant.
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Results

The differentially expressed miRNAS in
GSE33299 and GSE62809

Volcano plots were generated to visualize the
distribution of expressed miRNAs between OLK
and OLK-OSCC. Red or green dots in the plots
represented significantly upregulated or down-
regulated miRNAs respectively (Figure 1). In
total, 161 (88 upregulated and 73 downregu-
lated) and 68 (19 upregulated and 49 down-
regulated) markedly altered miRNAs were iden-
tified from GSE33299 and GSE62809 respec-
tively. The detailed information of the changed
miRNAs was summarized in Supplementary
Data. Three miRNAs (miR-129-5p, miR-296-5p
and miR-450b-5p) were commonly upregulated
or downregulated in these two independent
cohorts.

Heat maps were generated with R based on the
expression levels of differentially expressed
miRNAs in GSE33299 and GSE62809. Each
column represented a biological sample and
each row in the heat map represents a miRNA.
The color indicated the relative expression lev-
els of miRNA in tissue specimens (Figure 2).
Gene Ontology and KEGG pathway enrichment
analysis of the target genes of differentially
expressed miRNAs were performed using the

Am J Cancer Res 2018;8(8):1403-1413


http://www.ajcr.us/files/ajcr0079713suppldata.xlsx
http://www.ajcr.us/files/ajcr0079713suppldata.xlsx

A novel miRNA signature for predicting OLK progression to OSCC

I 5t ] | type

3 o

OLK-0SCC

| 1= 10 4]

1521 11]

Iﬁ']ﬁ-ﬁ I

it

(00000000000 00000000000000]
120020000000 00.0 00000000000
SESocsssoceasocosoososoo

BOOHNBROONWAGIO OO R ENH D

I 4 tpye
hsa-miR-122-5p D OLK
hsa-miR-516b-5p 2 OLK-OSCC
hsa-miR-512-3p
hsa-miR-155-5p
hsa-miR-450a-5p 0
hsa-miR-450b-5p
hsa-miR-503-5p
hsa-miR-424-6p -2
hsa-miR-542-3p
hsa-miR-758-3p 4

hsa-miR-187-3p
hsa-miR-1197
hsa-miR-335-5p
hsa-miR-148a-5p
hsa-miR-148a-3p
hsa-miR-143-3p
hsa-miR-889-3p
hsa-miR-542-5p
hsa-miR-382-3p
hsa-miR-664a-5p
hsa-miR-193b-5p

hsa-miR-744-5p
hsa-miR-210-5p
hsa-miR-4640-3p
hsa-miR-2277-3p
hsa-miR-4685-3p
hsa-miR-1306-5p
hsa-miR-149-5p
hsa-miR-1268b
hsa-miR-3065-3p
hsa-miR-4776-5p
hsa-miR-3065-5p
hsa-miR-129-5p
hsa-miR-4520a-3p
hsa-miR-183-3p
hsa-miR-6511a-3p
hsa-miR-483-3p
hsa-miR-483-5p

aillaiaReaisNcaliasaliia

hsa-miR-125a-5p
hsa-miR-2110
hsa-let-7d-3p
hsa-miR-1249
hsa-miR-6511b-3p
hsa-miR-197-3p
hsa-miR-486-Sp
hsa-miR-320b
hsa-miR-1226-3p
hsa-miR-3940-3p
hsa-miR-3123
hsa-miR-129-2-3p
hsa-miR-4429
hsa-let-7e-3p
hsa-miR-574-3p
hsa-miR-296-5p
hsa-miR-664a-3p
hsa-miR-320a
hsa-miR-320c
hsa-miR-3168
hsa-miR-4532
hsa-miR-4279

I
-1-r-'III-.

hsa-miR-3960
hsa-miR-124-3p
hsa-miR-204-5p
hsa-miR-383-5p

[dwe:
[dwe:
dwe:
[dwe:
[dwe:
[dwe:
[dwe:
dwe:
dwe:
B|dwe:
[dwe:
dwe:
[dwe:
dwe:
[dwe:
dwe:
[dwe:
duwe:
[dwe:
dwe:

100d_3

200d_3

£00d_3!

#00d_8|

S00d_?l

Figure 2. Heatmaps of the significantly differentially expressed miRNAs between OLK-OSCC tissues and OLK tis-

sues.

DAVID. A total of 9001 and 8611 downstream
target genes were identified in GSE33299
and GSE62809 respectively. Surprisingly, our
results showed that many top enriched GO and
KEGG pathways overlapped between the two
cohorts. For instance, cellular senescence,
Hippo signaling pathway, cell cycle, neurotroph-
in signaling pathway and signaling pathways
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regulating pluripotency of stem cells were
found in the top ten enriched KEGG pathways
of both cohorts. Posttranscriptional regulation
of gene expression (GO: 0010608) and regula-
tion of cellular amide metabolic process (GO:
0034248) are the top overlapped BP between
the two cohorts. Adherens junction (GO:
0005912), focal adhesion (GO: 0005925), cell-

Am J Cancer Res 2018;8(8):1403-1413
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Figure 3. Gene ontology and KEGG analyses of the target genes of the differentially expressed miRNAs in GSE33299 and GSE62809.
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Figure 4. A set of commonly changed miRNA (miR-129-5p, miR-296-5p and miR-450b-5p) in both GEO studies were
identified. The miR-129-5p and miR-296-5p levels were downregulated, while miR-450b-5p levels were upregulated

in OLK-OSCC tissues compared to OLK tissues.

substrate junction (GO: 0030055), cell-sub-
strate adherens junction (GO: 0005924), chro-
matin (GO: 0000785), nuclear chromatin (GO:
0000790), nuclear chromosome part (GO: 00-
44454) and cell leading edge (GO: 0031252)
are the top shared CC between GSE33299 and
GSE62809. Cadherin binding (GO: 0045296),
chromatin binding (GO: 0050839), ubiquitin-
like protein ligase (GO: 0044389), ubiquitin
protein ligase binding (GO: 0031625), chroma-
tin binding (GO: 0003682) and core promoter
binding (GO: 0001047) are shared between the
two cohorts in the top ten MF (Figure 3).

The commonly changed miRNAs between
GSE33299 and GSE62809

As shown in Figure 4, the expression levels of
miR-129-5p and miR-296-5p were both signi-
ficantly downregulated in OLK-OSCC tissues
compared to OLK tissues in GSE33299 and
GSE62809 (P < 0.05). However, miR-450b-5p
levels were remarkably increased in OLK-OSCC
tissues (P < 0.05).
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Functional analysis of the target genes of the
miRNA signature

DAVID was used to analyze the downstream
target genes of the three miRNAs signature. For
the “biological processes (BP)”, regulation of
transcription, DNA-templated (GO: 0006355),
positive regulation of transcription by RNA po-
lymerase Il (GO: 0045944), positive regulation
of protein dephosphorylation (GO: 0035307),
endothelial cell proliferation (GO: 0001935)
and transcription from RNA polymerase Il pro-
moter (GO: 0006366) were the commonly
enriched categories. For the “cellular compo-
nent (CC)” ontology, enriched categories were
correlated with cytoplasm (GO: 0005737),
nucleus (GO: 0005634), Golgi apparatus (GO:
0005794), nucleoplasm (GO: 0005654) and
membrane (GO: 0016020). With regards to the
“molecular function (MF)”, the target genes
mainly showed enrichment in protein binding
(GO: 0005515), single-stranded RNA binding
(GO: 0003727), transcription factor activity,
sequence-specific DNA binding (GO: 0003700),

Am J Cancer Res 2018;8(8):1403-1413
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nucleic acid binding (GO: 0003676) and se-
quence-specific DNA binding (GO: 0043565)
(Figure BA). KEGG pathway showed that the
top canonical pathways associated with target
genes were estrogen signaling pathway, spli-
ceosome, p53 signaling pathway, GnRH signal-
ing pathway and RIG-I-like receptor signaling
pathway (Figure 5B).

The miRNA-target genes network of construct-
ed by using the miRWalk2.0 and Cytoscape
(Figure 6). The yellow color indicated the cen-
tral nodes namely miR-129-5p, miR-296-5p
and miR-450b-5p. The red color indicates the
potential upregulated genes during transforma-
tion of OLK to OSCC, while the green color indi-
cates the potential downregulated genes when
OLK progresses into OSCC.

The potential clinical utility of the three miR-
NAs signature for predicting the transforma-
tion of OLK to OLK-OSCC

We then examined the expression levels of
the three miRNAs signature in tissue samples
from 15 healthy controls, 30 OLK patients and
25 OLK-OSCC patients. Figure 7 showed the
expression level of miR-129-5p was remarkably
lower in OLK-OSCC tissues compared with
those in OLK tissues (P = 0.0041) and healthy
control (HC) tissues (P < 0.0001). Similarly,
miR-296-5p were significantly decreased in
OLK-OSCC tissues compared to those in OLK
tissues (P = 0.0014) and healthy control (HC)
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Figure 5. Gene ontology and KEGG analyses of
the target genes of the three miRNAs signature.

tissues (P =0.0002). No significance was found
between OLK tissues and HC tissues for miR-
129-5p and miR-296-5p levels. However, the
miR-450b-5p levels were significantly higher in
OLK-OSCC tissues compared to OLK (P =
0.0007) and HC tissues (P < 0.0001). The
expression level of miR-450b was lower in HC
tissues in comparison with OLK tissues (P =
0.0460).

As shown in Figure 8, the ROC analysis was per-
formed to evaluate pre-clinical utility of these
potential biomarkers and to assess if combin-
ing biomarkers may improve the sensitivity and
specificity. For discriminating OLK from OLK-
OSCC, the AUC values of miR-129-5p, miR-296-
5p and miR-450b-5p were 0.730 (95% CI =
0.593-0.841), 0.759 (95% Cl = 0.625-0.864)
and 0.721 (95% Cl = 0.584-0.834), respective-
ly. In addition, the combination of these three
miRNAs signature yielded a better AUC value
of 0.872 (95% Cl = 0.754-0.947) in distinguish-
ing patients with OLK from patients with
OLK-0SCC.

Discussion

Oral carcinogenesis is a multistep process
characterized by genetic alterations leading the
cells to proliferate in an uncontrolled way [9]. To
date, the underlying molecular mechanisms
accounting for the progression of oral pre-can-
cer to cancer are poorly understood. Multiple
types of oral precancerous lesions including,

Am J Cancer Res 2018;8(8):1403-1413
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but not limited to, OLK, OLP, oral submucous
fibrosis, oral erythroplakia and actinic cheilitis,
may develop to OSCC at different conversion
rate [10].

In this study, we first screened significantly
changed miRNAs between OLK and OLK-OSCC
from two independent GEO studies. Interes-
tingly, the downstream targets of these differ-
entially expressed miRNAs in the two cohorts
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shared many top enriched GO and KEGG path-
ways, indicating the overlapped GO and KEGG
pathways might play an important role in the
transformation of OLK to OSCC. A set of com-
monly deregulated three miRNA signatures
including miR-129-5p, miR-296-5p and miR-
450b-5p were identified. The potential reasons
for most hits from both datasets did not over-
lap with each other are as follows: Firstly, there
are an estimated 20,000-25,000 human pro-
tein-coding genes, while only around 2000
miRNAs found so far. Thus, the number of miR-
NAs itself is relatively small. In addition, it is dif-
ficult to include all the miRNAs in the microar-
ray studies. For instance, there were totally
1341 miRNAs in the GSE33299. Therefore, the
design of microarray might have influence on
the shared miRNAs between these two cohorts.
Secondly, the sample size in both studies
were small, which might have great impact on
the miRNAs expression profile between two
cohorts. Increasing the sample size might
contribute to screen more common MiRNASs.
Thirdly, the difference in race between both
cohorts might also have influence on miRNAs
expression profile. Also, to the best of our
knowledge, it is quite common to observe
the phenomenon that no shared gene was
found among different comparable microar-
rays. Functional analyses demonstrated that
the target genes of these miRNAs might be

Am J Cancer Res 2018;8(8):1403-1413
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associated with loss of tumor suppressive sig-
naling and activation of cancer promoting path-
ways. In addition, this three miRNAs signature
was further successfully validated for predict-
ing the transformation of OLK to OLK-OSCC in
another independent cohort. Moreover, com-
bining the three miRNAs signature was able to
discriminate OLK from OLK-OSCC with high
accuracy, suggesting that it might be promising
for early detection of OLK related OSCC. One
potential limitation of our current study is that
the sample size of the validation cohort is small.
It might take long period for oral precancerous
lesion to progress into cancer. Therefore, it is
difficult to obtain large sample size of OLK-
OSCC tissue specimens. Future large-scale
studies are needed for further testing this miR-
NAs signature.

The target genes of miR-129-5p, miR-296-5p
and miR-450b-5p was identified using miR-
Walk2.0. The miRWalk2.0 was chosen because
it contains information about experimentally
validated interaction [11]. Based on GO and
KEGG enrichment analyses of the target gen-
es of the miRNAs signature, “regulation of
transcription, DNA-templated” has the highest
enrichment score in the “biological process”
category. Other biological processes such as
positive regulation of transcription by RNA
polymerase Il and transcription from RNA
polymerase |l promoter were also enriched.
Deregulation of transcription may result in inap-
propriate activation of positively acting tran-
scription factors and as well as loss of tumor
suppressors. For the “cellular component” cat-
egory and “molecular function (MF)” category,
“cytoplasm” and “protein binding” showed the
highest enrichment score respectively. For the
KEGG analysis, the canonical pathways associ-
ated with target genes were estrogen signaling
pathway, p53 signaling pathway and RIG-I-like
receptor (RLRs) signaling pathway. Estrogen
receptor and TP53 have been shown to play
an important role in the development and
progression of OSCC [12, 13]. RIRs receptors
are crucial in the host defense to numerous
viral pathogens and HPV virus infection is an
important risk factor of OSCC [14, 15], thus it
is no wonder to observe the pathway was
deregulated.

MiRNAs have been found to be necessary for
regulating virtually all signaling pathways within
a cell, and their dysregulation plays an essen-
tial role in the initiation and progression of can-
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cer [16]. Our results showed that the levels of
miR-129-5p and miR-296-5p were downregu-
lated in OLK-OSCC tissues compared to OLK
tissues, suggesting that they might function as
a tumor suppressor in oral carcinogenesis.
Interestingly, the expression levels of miR-129-
5p and miR-296-5p in normal tissues were
both slightly higher than those in OLK tissues.
Although the P value was larger than 0.05 due
to the small sample size, we can still observe
the trend that miR-129-5p and miR-296-5p
decreased gradually from healthy controls, OLK
to OLK-OSCC. For miR-450b-5p, its level in nor-
mal tissues was significantly lower than that in
OLK and OSCC. Future studies with larger
cohorts are needed to validate our findings.
Also, this highlights the importance combina-
tion of several biomarkers for predicting the
transformation of OLK to OLK-OSCC. Consistent
with our findings, miR-129-5p is one of the
three mature forms of miR-129 and reduced
miR-129-5p levels have been reported in many
types of cancers. For instance, the expression
level of miR-129-5p was significantly downregu-
lated in medullary thyroid carcinoma tissues
and cell lines. In addition, miR-129-5p overex-
pression inhibited the oncogenic behaviors of
cancer cells through decreasing the phosphory-
lated AKT, indicating miR-129-5p might play a
tumor suppressive role in medullary thyroid car-
cinoma [17]. Similarly, miR-129-5p expression
was remarkably reduced in both lung cancer
cell lines and lung cancer tissues. Ectopic
expression of miR-129-5p suppressed the pro-
liferation and invasion capability of lung cancer
cells by targeting microspherule protein 1,
E-cadherin and vimentin [18]. Overexpression
of miR-296 significantly reduced the prolifera-
tion and invasion capacity of prostate cancer
cells by suppressing HMGA1 [19]. MiR-296-5p
levels were consistently decreased in human
breast cancer tissues in comparison with adja-
cent normal tissues, and reduced miR-296-5p
was closely associated with poor prognosis
[20]. The levels of miR-450b-5p was remark-
ably increased in OLK-OSCC tissues compared
with OLK tissues, indicating that miR-450b-5p
played an oncogenic role in the development of
oral cancer. Similar to our results, miR-450b-
5p was up-regulated in colorectal cancer tis-
sues and high miR-450b-5p levels were corre-
lated with adverse prognosis [21]. Further
experiments are required to elucidate the con-
crete role of these miRNAs in the tumorigenesis
of oral epithelial cells.
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In conclusion, our study has profiled and vali-
dated consistently changed miRNA between
OLK and OLK-OSCC, which might play critical
roles in the development of OLK to OSCC. These
novel biomarkers not only might help diagnose
OSCC at the very early stage, but also might
contribute to stratify the OLK patients with low
risk and high risk for progression into OSCC,
which will provide important guidance for per-
sonalized and precision therapy.
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