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PI3K/AKT pathway is an important pathway in the carcinogenesis since it has central impacts in the regulation of
metabolic pathways, cell proliferation and survival, gene expression and protein synthesis. This pathway has been
reported to be dysregulated in several types of cancers. In the current review, we summarize the role of this signaling
pathway in squamous cell carcinomas (SCCs) originated from different parts of body cervix, oral cavity, head and neck
and skin. The data presented in the current review shows the impact of dysregulation of PI3K/AKT pathway in survival
of patients with SCC. Moreover, targeted therapies against this pathway have been found to be effective in reduction
of tumor burden both in animal models and clinical settings. Finally, a number of molecules that regulate PI3K/AKT
pathway can be used as diagnostic markers for different types of SCCs.

Introduction

PI3K/AKT pathway has important roles in the carcino-
genesis since it has central impact in the regulation of
metabolic pathways, cell proliferation and survival, gene
expression and protein synthesis [1]. As a multimember
family of heterodimeric lipid kinases, PI3Ks are classified
into three distinct classes. Class IA PI3Ks are induced
by receptor tyrosine kinases such as p110 catalytic sub-
unit as well as p85-like regulatory subunits [1]. Class
IB PI3Ks are induced by G protein-coupled receptors
and regulatory subunits. Class II PI3Ks includes three
proteins, namely PIK3C2A, PIK3C2B and PIK3C2G.
Finally PIK3C3 is regarded as the single member of class
IIT PI3Ks. PI3Ks can be induced by several upstream
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cell-surface receptors. In response to these stimuli, class
I proteins catalyze the conversion of PI1(4,5)P2 to the sec-
ond messenger PIP3. AKT and PDK-1 serine/threonine
kinases are two proteins that have PIP3-binding Pleck-
strin homology (PH) domain and are associated with
PI3K in a variety of cells [2, 3]. AKT is an evolutionar-
ily conserved serine protein kinase being attributed to
the AGC subfamily. This protein has three structural
domains, namely N-terminal PH domain, a short C-ter-
minal tail comprising a regulatory hydrophobic motif
(HM) and a linker section with a central kinase cata-
lytic domain [6]. AKT family of proteins includes three
homologous subtypes, namely AKT1-AKTS3. In response
to increase in PI(3,4,5)P3 levels and to a lesser extent
accumulation of PI(3, 4)P2, AKT is recruited on the cell
membrane through its PH domain and exerts its catalytic
roles through activation of a PDK1-induced threonine
phosphorylation and mTORC2-mediated serine phos-
phorylation. These phosphorylation events occur at spe-
cific sites of AKT1, AKT2 and AKT3 [4, 5]. The effects
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of AKT on regulation of important downstream effectors
including FOXO, mTOR and GSK3b endows this mole-
cule the ability to influence cell proliferation and survival,
genome stability, and metabolic pathways [1]. PI3K/AKT
pathway has been reported to be dysregulated in several
types of cancers. In the current review, we summarize the
role of this signaling pathway in squamous cell carcino-
mas (SCCs) originated from different parts of body cer-
vix, oral cavity, head and neck and skin.

Cervical cancer

Hou et al. have assessed the clinical outcomes of individ-
uals with metastatic or recurrent cervical cancer during
a phase I clinical trial. They have reported longer sur-
vival of patients with SCC of the cervix who had PIK3CA
mutations compared with those without PIK3CA muta-
tions. In fact, their results have shown that matched ther-
apies against the activated PI3K/AKT/mTOR pathway
have significant clinical benefit [6]. Another study in the
context of cervical SCC has shown over-expression of the
endogenous inhibitor of mTOR complexes DEPTOR in
these cells and tissues. DEPTOR silencing has enhanced
apoptosis of these cells via increasing expression of p38
MAPK and suppression of PI3K/AKT activity through
feed-back suppression from mTORC1-S6K. Moreover,
knock down of this gene has led to reduction of levels
of nitric oxide synthases iNOS and eNOS, and enhance-
ment of activity of ERK1/2 and p38 MAPKs. Moreover,
DEPTOR could affect ERK1/2 expression in through
modulation of AKT. Cumulatively, DEPTOR increases
survival of cervical SCC cells and its knock down leads
to cell apoptosis through distinctive impacts on PI3K/
AKT and p38 MAPK [7]. Moreover, the over-expressed
receptor for advanced glycation endproducts (RAGE) has
been shown to be involved in the pathogenesis of cervical
SCC through modulation of PI3K/AKT activity. This pro-
tein has been found to promote proliferation of cervical
SCC, enhance expression of PCNA, inhibit cell apopto-
sis along, reduce Bax/Bcl-2 ratio, and induce activity of
PI3K/AKT pathway. RAGE silencing has reduced tumor
burden in a xenograft model of cervical SCC. Finally, the
PI3K inhibitor LY294002 could efficiently inhibit activity
of PI3K and AKT, and suppress RAGE-induced pro-pro-
liferative and anti-apoptosis effects [8]. Table 1 shows the
role of PIBK/AKT pathway in squamous cell carcinoma
of cervix.

Head and neck squamous cell carcinoma

Laryngeal squamous cell carcinoma (LSCC)

Mukonal, the isolated alkaloid from the plant Murraya
koenigii has been shown to reduce the viability of laryn-
geal SCC cells, induce their apoptosis and arrest them
at G2/M phase possibly through suppression of activity
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of PIBK/AKT and MEK/ERK pathways [20]. Moreover,
dehydrocostus lactone isolated from Saussurea costus
Lipech has been found to exert cytotoxic effects in this
type of cancer. This substance could inhibit viability,
migration and proliferation of laryngeal SCC cells with-
out affecting viability of normal larynx epithelial cells.
Notably, dehydrocostus lactone could promote function
of p53 and P21 and induce cells apoptosis through sup-
pression of PI3K/Akt/Bad pathway and stimulation of
endoplasmic reticulum stress-mediated apoptotic path-
ways. In vivo assays have also verified these effects [21].

Another study has shown up-regulation of FGFRI,
FGFR3 and PI3K/AKT kinase expression levels in the
squamous cell laryngeal cancer samples compared with
non-cancerous laryngeal mucosa specimens. Notably,
over-expression of PI3K/AKT kinase has been associated
with a high tumor front grading. Moreover, levels of the
p-PI3K regulatory kinase protein have been associated
with survival rate of patients. Taken together, FGFR1,
FGFR3, and downstream regulatory kinases from the
PI3K/AKT pathway might be regarded as putative mark-
ers indicative of invasive properties of laryngeal cancer
[22]. Table 2 shows the role of PI3K/AKT pathway in
laryngeal squamous cell carcinoma.

Esophageal squamous cell carcinoma (ESCC)

Expression analyses esophageal cancer tissues have
shown up-regulation of miR-21, PI3K, and AKT, while
down-regulation of PTEN in these tissues compared
with adjacent non-cancerous tissues. Notably, samples
obtained from patients with lymph node metastases
and poor differentiation levels had lower expression of
PTEN and higher levels of PI3K and AKT proteins. Sup-
pression of miR-21 levels in esophageal cancer cells has
led to up-regulation of PTEN, down-regulation of PI3K
and AKT and reduction of proliferation rate, migration,
and invasion of cells. This miRNA has been found to
target PTEN. Cumulatively, miR-21 has been shown to
target important molecules in PTEN/PI3K/AKT signal
pathway, enhancing proliferation, migration, invasive-
ness, and cell cycle transition, and suppressing apoptotic
pathways in esophageal SCC cells [47]. Another study in
esophageal SCC patients has shown correlation between
p-EGER expression and all of the other phosphorylated
biomarkers. Notably, gender, N stage, and expression lev-
els of p-AKT1 have been independently correlated with
overall survival of patients. In fact, over-expression of
p-AKT1 has been found to be indicative of low survival.
However, levels of EGFR and p-EGFR have not been cor-
related with patients’ survival [48]. Moreover, dysregula-
tion of PAFR via PI3K/AKT pathway has been reported
to contribute to the progression of esophageal SCC [49].
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On the other hand, vitamin E succinate could induce
apoptosis of esophageal SCC cells through modulation
of PIBK/AKT signaling this agent has decreased growth
of EC109 cells by approximately 45 and 81% in concen-
trations of 10 and 100 pM, respectively [50]. Moreover,
Dasatinib via suppressing the PI3K/AKT and STST3
pathways could improve sensitivity to cisplatin in esoph-
ageal SCC cells [51]. Table 3 shows the role of PI3K/AKT
pathway in esophageal SCC. Figure 1 illustrates the aber-
rant expression of various miRNAs, which contribute to
adversely modulating the PI3K/AKT signaling pathway
involved in triggering several kinds of squamous cell
carcinomas.

Pharyngeal squamous cell carcinoma (PSCC)

In patients with hypopharyngeal SCC, expression of
p-Akt and p-Erk has been shown to be remarkably ele-
vated parallel with progression of clinical stage, indicating
the possible roils of PI3K/Akt and MAPK/ERK pathways
in evolution and progression of this type of cancer. Nota-
bly, GDC-0980 and Refametinib have exerted cytotoxic
effect on hypopharyngeal SCC cells. These agents could
block cell cycle progression in G1 phase, reduce cyclin
D1 and p-Rb levels and increase p27 levels. GDC-0980
could also inhibit migratory potential of these cells and
reduce levels of p-PKC{, p-Integrin f1 and uPA metas-
tasis-related proteins. Taken together, dual suppression
of PI3K/Akt and MAPK/ERK pathways by mentioned
agents can be regarded as a possible strategy for treat-
ment of hypopharyngeal SCC [60]. NVP-BEZ235 when
combined with cisplatin could inhibit proliferation of
hypopharyngeal SCC cells and arrest cell cycle at G2/M
phase via modulation of the PI3K/AKT/mTOR pathway
[61].

JARIDI1B, as a tumor suppressor, via the SHIP1/AKT
pathway could improve differentiation of hypopharyn-
geal SCC cells and suppress their proliferation [62]. On
the other hand, S100A11 could play an important role in
the migration, carcinogenesis and protection of HPSCC
from cell death induced by 5-Fu via the PI3K/AKT path-
way [63]. Table 4 shows the role of PI3K/AKT pathway in
pharyngeal squamous cell carcinoma.

Oral squamous cell carcinoma (OSCC)/tongue squamous
cell carcinoma (TSCCQ)

Lycopene has been revealed to inhibit proliferation,
migration and invasiveness of oral SCC cells as well as
in vivo growth of tumors. Moreover, this substance could
suppress epithelial-mesenchymal transition and acti-
vate apoptotic pathways through decreasing activity of
PI3BK/AKT/mTOR signaling. These effects are exerted
through enhancing expressions of E-cadherin and Bax
and decreasing levels of N-cadherin, p-PI3K, p-AKT,
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p-m-TOR, and bcl-2 [69]. Thymoquinone has also been
shown to suppress invasion, proliferation and migration
of oral SCC cells and induce their apoptosis via inhibiting
the PI3K/AKT pathway [70]. Moreover, Licochalcone A
could suppress migration, invasion, and proliferation of
oral SCC cells via modulation of the PI3K/AKT pathway
[71].

A number of non-coding RNAs have been reported
to exert their effects in the pathogenesis of oral SCC
through modulation of this pathway. This speculation has
been verified by knock-down experiments. For example,
suppression of IncRNA MALAT1 could inhibit invasion,
migration, and proliferation of TSCC cells via suppress-
ing the PI3BK/AKT pathway and down-regulating MMP-9
[72]. Moreover, circCDR1 has been shown to improve the
viability of oral SCC cells by promoting autophagy via the
AKT/ERK/mTOR pathway [73]. Table 5 shows the role of
PI3K/AKT pathway in oral SCC.

Unidentified types of head and neck squamous cell
carcinoma (HNSCC)

Expression of FKBP9P1 has been shown to be increased
in HNSCC samples and cells. Over-expression of this
gene has been correlated with advanced T, N and clinical
stages as well as poor prognosis of affected individuals.
FKBPIP1 silencing has suppressed proliferation, migra-
tory potential, and invasiveness of these cells, possibly
through inhibition of PI3K/AKT signaling [38]. PEN2 is
another up-regulated gene in HNSCC and cells. PFN2
silencing has suppressed proliferation, invasiveness, and
migratory potential of HNSCC cells, possibly through
reduction of Akt and GSK-3p phosphorylation as well as
decrease in B-catenin levels. In other words, PFN2 has
been shown to promote proliferation and metastatic abil-
ity of HNSCC through inducing activity of the PI3K/Akt/
[B-catenin pathway [39]. Similarly, DKK3 has been shown
to increase the malignant properties of HNSCC via the
PI3K/AKT/mTOR and MAPK pathways [40].

An in vitro study has shown that the anti-cancer agent
osthole induces cell cycle arrest at G2/M phase and
blocks proliferation of HNSCC cells via suppressing the
PI3K/AKT pathway [41]. Finally, PI3K/AKT pathway has
been shown to mediate the adaptive resistance to anti-
programmed death-1 (PD1) therapy through upregu-
lating Tim-3 [42]. Table 6 shows the role of PI3K/AKT
pathway in head and neck squamous cell carcinoma.

Cutaneous SCC

a-mangostin has been shown to suppress skin tumor for-
mation and growth, decrease levels of pro-inflammatory
molecules and increase levels of anti-inflammatory ones
both in tumor and circulation. Notably, this substance
could induce autophagy of skin cancer cells and regulate
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Fig. 1 A schematic diagram of the role of several miRNAs in triggering the PI3K/AKT signaling cascade in Cervical Cancer, LSCC and ESCC.
Mounting studies have revealed that dysregulation of PI3K/AKT signaling pathway can play a crucial role in the carcinogenesis especially in
squamous cell carcinomas. A recent study has detected that overexpression of miR-433 could suppress the growth and metastasis of cervical
cancer cells via down-regulating the FAK/PI3K/AKT signaling cascade, and could enhance the apoptosis and caspase-3/-9 function. Moreover,
miR-433 could promote the expression levels of p53 and Bax, and inhibit that of MDM2 in cervical cancer [18]. Further experiment has validated
that miR-132 plays an oncogenic role in laryngeal squamous cell carcinoma by suppressing the expression of FOXO1, p27, and p21. Overexpression
of this miRNA could promote cell proliferation and tumor growth via up-regulating cyclin D1 as well as activating the PI3K/AKT pathway in LSCC
cells [34]. Another research has pointed out that miR-21 could have a significant role in enhancing cell proliferation, migration, invasion, and cell
cycle, and suppressing apoptosis of human esophageal cancer cells via down-regulating the expression of PTEN and activating PI3K/AKT signaling
pathway [47]. Green lines indicate the positive regulatory effect among miRNAs and their targets, and red lines depict negative ones among them.
All information regarding the role of these miRNAs involved in the modulation of PI3K/AKT signaling cascade in various types of squamous cell
carcinomas can be seen in Tables 1-4

expression of autophagy-related proteins. Most nota-
bly, a-mangostin can inhibit activity of the PI3K/AKT/
mTOR signaling, as demonstrated by down-regulation of
p-PI3K, p-Akt and p-mTOR [115]. Moreover, Lapatinib
could suppress epithelial-mesenchymal transition in skin
SCC via modulation of WNT/ERK/PI3K/AKT axis [116].
The anti-cancer effects of Lactucopicrin in skin cancer is
also mediated through modulation of PI3K/AKT/mTOR
pathway [103].

A number of non-coding RNAs can also modulate
progression of skin SCC through influencing activity

of PIBK/AKT pathway. For instance, miR-45la via
PDPK1-mediated PI3K/AKT modulation could pre-
vent progression of skin SCC [117]. Moreover, IncRNA
LINCO00520 via inactivating the PI3K/AKT pathway by
downregulating EGFR could prevent the progression
of this type of cancer [118]. Table 7 shows the role of
PI3K/AKT pathway in skin SCC. Figure 2 represents
the role of several ncRNAs in various types of SCCs via
regulating the PI3K/AKT/mTOR signaling pathway.



Page 12 of 27

(2022) 22:254

Ghafouri-Fard et al. Cancer Cell International

J2SdO
UI'NILd pue (€/1495)
1Mvd Jo s|9aAs) aseasnul

(D2Sd0) ewiouied

pue Aemuyied J31v/Meld [[®D snow
[99] 93 21eAlde PINod AdH 1MV N3Lld - - - (911 =u) DDSdO -enbs [esbukieydoio
S92 DDSdH
ul sisoydode sadueyua
UoIdNISIP YN pue Aem
-yred YOLW/INV/MELd SYd
BIA SANNY=QYWY4DF YIM
[S9]  Juswiesl) [PWISLI010yd HJOLW IAVAEL 6/¢-osedseD ‘xeg ‘z->g WWw 0z SANNY-QyWy493 | €6 'Nded - DDSdH
1192
DDSdH JO uoiseaul pue
‘uoiiebiw ‘uoirelayljold
‘Yimoib Jowny asealdul MY4 9DIW dpNu 3jew
p|nod Aemyied |y ‘c-gsedsed) 'S9NSSI} [ewiou Juade(pe
[?9]  MEIdMVH Y1 BIA ZOOY DIVAMEld  '€5d (20DY) ¢ aineuobiy - - nge4 pue DDSdH Jo sited 9§ DDSdH
uonessjijoid
ssaiddns pue uonenua.ay
1P 1192 DDSdH dAoidwl ujuied-g
pinod Aemyied |3y 'COWPNEH
[c9] /LdIHS 2yl eIA gLaIyvr IIV/LdIHS ‘Bel ‘01X ‘gLanvr - - nged - DDSdH
Aemyred YOLW/ 1MV
MEId 3Y3 ein aseyd W/¢D
18 9|2AD ||92 1594R pUR
uonesajoid 193 DDSdH ERIUY
1qIyul A[ed1sIBIsuUAsS apnu By NUY2/g1vg 9jew
p|NO2 ue|dsid Yim paulq HYOLWw INU 0007 unedsp 'S9NSSI} [ewiou Juade(pe
[19]  -wod usym Ge739-dAN IMV/MEld dyvd ‘¢ asedsed 1 gd-It ‘INU 08 'S€CZ39-dAN nae4 pue DDSdH Jo sued 7| DDSdH
n4- Ag pacnpul
41eap [[95 WO DDSdH J0
uonoazold pue sisausb P9
-oupJed ‘uonelbiw ay) '6/TdNIN ‘vraD sanssn
ul saedidiied Aemyied ‘Y493 ‘L LV00LS ‘L LY SNOJaDURD-UOU Agleau
[€9]  IAV/MEId 3Y1 BIA L LVOOLS YOLW IMYMEId  uidioud Bulpuig-wniojed - - naed pue DDSdH Jo sied 9| DDSdH
EIlSI[ER)
1591Je pue ‘uoiielbiw ‘uoi
-eJayljoid 192 DDSdH ssaud
-dns ued skemyied Y43
YN PUB I3V/MEld 9U) L uubaqul-d (DDSdH)
Bunigiyul eIA glupaweai “Od-d eUIOUIDIRD) ||9D) Snow
[09] Pue 0860-D0AD  MYI/MdYW IIV/MEI ‘qyd 'zzd L@ uPA> WM 0Z-0 ‘W -0 qlunauigjay ‘0860-D09 nge4 (6§=U)DDSdH  -enbs [eabukieydodAn
*sJoy uoipung Kemyied 19bie] abuesasoq  Adesayroifyd/bniq saul| |I9D s9|dweg saseasip Jo adAL

eUWIOUIDIED [|92 snowenbs [eabukieyd ul Aemyied | YV/MEld JO 310y  alqel



Page 13 of 27

(2022) 22:254

Ghafouri-Fard et al. Cancer Cell International

S|192 225d

ul sisoydode disutljul [eup
-UOYd03IW 5NpUl pjnod
6/€-osedsed bupneanoe
pue Aemyied YOLW/INY
MEld 94l BIA aUIsOUspY
eWIoUIDIRD |2
snowienbs A11Aed |eso pue
|eabukieydolo usamiaq
WBIAYIP 3G PINOD ‘[ Hyd
pue 4459 ‘N31d 4o

|9A3] ‘AdH JO asnedag

JOLW DIVAEId

v

6/c-asedsed ‘z-|og ‘xeg

N3Ld 4493

NW €-0

auisouspy  Nde4 MOHN

(LZL=U) DDSdO

(ODSd) ewWouIE) |9
snowlenbg [eabukieyd

22SdO

uoipuny

Aemyled

19bae)

abues asoq

Adesayroifyd/bniqg

saul] |30

s9|dweg

saseasip Jo adAL

(panunuod) ¥ ajqel



Page 14 of 27

(2022) 22:254

Ghafouri-Fard et al. Cancer Cell International

Abeydoine

punowoid Ag |12 DDSO
40 AjigelA ay3 anoiduwl
pinod Aemyied Yo W/My3
/DAY SYL BIA 143D21D
51192 22SO

JO uoneIbIW pue ‘uoliesd
-Jljoud ‘uoiseaur s1owoid
pue 3|01 21uUsbodUO Ue
Aeyd pjno> Aemyied
IAV/MEId oYl BIA GYO ]|
uon

-esayljoid pue ‘uonesbiw
‘sisauabolbue s|192 DDSO
a10Woid piNod Yy JO
91e. uonejkioydsoyd ayy
Buiseanul Ag dg-0 L z-yiw

DDS0 4o ymoib

|92 pue uonesajjoid ayy
ssaiddns ue> Aemyied
DIV/EId dY1 eiA e/ z-giw
JO Uofe|nbaiumop pue
/X84 Jo uonenbal-dn
6-dWW buneinbai
-umop pue Aemyied |y
MEld 2U1 buissauddns eia
S|192 DDS 4o uonessyljoid
pue ‘uonelbiu ‘'uoiseAul
HqIuI PINod LIV YW
VNY2U| JO uoissaiddng

SI1®2 23S0

ul sisoydode axnpul pue
uonesbiw ‘uonesapoid
‘uoiseaul ssaiddns pjnod
Aemyied J31v/M€ld Y3 Jo
uolssaiddns ybnoiyy oL

51122 DDSO JO uoielbIw
pue ‘uonessyljold ||92 ‘uols
-eAU 1GIYul pue sisoydode

2o3npul pjnod Aemyied
HOLW/INV/MEld a4 Bunea
-11oe pue Aemyred N3 ayd
puissauddns Ag ausdodA]

do1w
7/ 1493
Y

IAV/MENd

IMVAELd

IMVELd

IAV/MENd

IAV/MENd

13
‘HoLw
IAV/Eld

¢-asedsed
‘T-1>g 'xeg
'SOLV II/1€D7 '29d O L-4IH
'1HaDD

M43
'SYOL

€YN43‘dg-0Lz-yiw

uuayped-3
‘unayped-N
“UNUBWIA "B/ Z-YIW
/MX44

6-dININ ‘L LV TVIN YNYIUT

uLdyped-N
‘urlaypen-3
'¢-12g "xeg

A1 z-0

Wi -0

MOH
'S1-D0S
‘eL1g-e3|

D30NH
'6-20S
- "I-N-1OH

- LTYD DIANH

- €DSH 'STODS TINHDD

089
- SH 'S¢DDS 'S1DDS ¥IDS

(OL) duounbowAy | L=4DIN TS "B

auadodA] 6-02S 'LT-1¥D

dIW dpNuU 2/g1vg
EllWET

S9NSSI) JowN1-uouU 1usd
-elpe pue 5150 4o siied /G

Slesele

(£ =U) Sanssi1 Jowni-uou
1ud2elpe ‘(08 =Uu) DDSO

sonssi
Jowni-uou bujpuodsaliod

341 YaM $3NSSN IS0 76

(suaned gz =u) DS

20JW apNuU /qjeg djeN

uoipuny

Kemyyed

19616

abues asoq

Adesayroifyd
/6rniq saul |19

s9|dweg

eUIOUIDIRD [|92 snowlenbs [elo ul Aemyied |MY/MEld JO 310y § alqel



Page 15 of 27

(2022) 22:254

Ghafouri-Fard et al. Cancer Cell International

Abeydoine bupeanoe
Aq uoissaiboid 550

UGyl ued Aemuyied Yo LW do1W LTIVD
[08] JIIVEID U3 BIA Tlad DIV/MEId L-u1123g ‘79d ‘g€ 77 ‘Tad - - 'G1DDS 'VODSLDIWOH 931w spnu nu/nu 3/g7vd
DDS. Jo uonelayjoid
pue uoIseAul sy 1giyul
pino> Aemyied LOXO4/IMV
/MEld 94} UMOPXO0UY e}
QDAd bunsbiey Aq ds-1z LOXO4 '¥a>Ad 6205
(6/] -yl Jo uoneinBaiumoq IMV/ELd '7-2g 'xeg ‘dg-Lz-giw - - ‘LT1eD (Oy=u) DDOSL
SISA|02A|6 Jo
Budnpai Ag DDSO ugIyul 921U 9pNuU dIWAYle
p|nod Aemyied JAN-D/1 MY dyvd ‘c-asedsed INO-LHILY 'Z2TVD 'S9NSSI} JOWNI-UOU U
[v/] 9yl BIA V|| suoulysue| SAN-2/IMV 'FE-NSD Xeg 'L OVAA 'L/THIH A1 50 VIl suoulysue| 'SZODS 'S1DDS 6005 -elpe pue DDSO 4o sited Og
DDSO Ul siseiselawl pue
SISA|02A|6 d1gosae ‘axerdn
3500N|6 Jown} aseaiul 32IW 3pNU 2/gVg 9|rWay)
PINo> Aemuyred YO LW/ MY yoLw LTBD 'S3NSSI1 JOWINI-UOU JUD
[€4]  /M€Eld 94 BIA €H-/g UI10ld IAVEId LIND ‘€94M4d 'eH-/9 - - 'S¢ODS  -elpe pue 550 Jo sied g9
221U 5/971vd
JDSO 9|eWa) ‘sanssy Juade(pe
Ul ssauWels 95npul pinod N 'P0D '7oDaY GZODS pue 35S0 pappaqus
[9/] sIxe eEOXO4/13V A g-4D1 BEOXOH/IMY  '2/IMd3 'LIWG ‘TXOS 'g-49L - - 'S1DDS -uyjesed jo sited 7|
§|192 DDSO JO sisausbolbue
pue ‘uopelasyijoid ‘uols
-BAUI ‘UOISEAS SIsoydode
ssaiddns p|nod sixe €11 S C4493A9DIA D L-4IH wrozl-0
/-AN/MEId YL BIA LOT '6/¢-asedse) ‘Wriol-0 LOZ-LES
-1€5 10 | |-Aeg ‘ujuuewiom '6/C-dWN '1zd 1A ‘INU 00Z—0 ‘| L-Aeg 'uluueuw ¥20S
(8/1 YlM UoleUIqUIOD Ul | XY €1VIS Meld -UlPAD ‘xeg ‘z-Pg 'P-AN ‘Wi 00z1-0 -LOM ‘(1XY) Ulyauexelsy "LELDDS sI3IsuIey UBLIAS 3jew
$|[92 DDSO Jo uonesapoid
pue siseiseiawl ajowoid
PINOD sixe gy449ad/9450d Jy45ad 1eDeH ‘/gied sajdwes 5250
[/ J/AVAEID 94 BIA DYYdS IAVELd '84950d DYVdS - - '/2DS %DDS '€22S0 '€DSH pappaqus uyjesed g6
Kemyied |yy
MEld Yl JO uonenpoul eia
uonesaHjoid pue ‘uoiseAul
‘uonesbiw s(12> DDSO ssaid 6/C-dWIN
[L1/] -dnspjnod y auod|eyd0dI DIVEld 'YNDd A 001-0 / SUO2[eYd0! LT-IYD 'PDDS 9dIW 9pNU 5/971vg
Adesayroifyd
*sJoy uolpung Kemyred 19b1e] abuel asoq /bniqg saur 19D sa|dwes

(panunuod) g ajqey



Page 16 of 27

(2022) 22:254

Ghafouri-Fard et al. Cancer Cell International

5[[23 DDS0 JO SIS0}
-dode aonpul pue uoiseaul
‘uoissype ‘uonesajjoid |22

uquyur ued Aemyred Yo w dO1W g
(88] /IAV/MENd 94d BIANNH-D DIVAIEID  Xeg ‘(NH-0) uuspay-eyd|y - S¢-00S -
uopeIbIW pue uol
-eJyijoud []92 ugiyul pue
‘s;soydode el puoyd0nu
JINW Jo uondnisip adnpul
PINOS sIXe gX-4N/IMV/Meld g-4N 493N (wdS)
[£8] Y1 jo uoIssaiddns ein yyS IMVEld ‘911 'SONI 'Z-XOD "0-ANL Jui/wr 6—0 p1oe J16unAS LELDDS -
2SO Jo
sIsouabouldIed 3yl Joy Ales
-5909U SeM Y43 a1e|nbai
pino> Aemyzed LdS/eEld v/€/T 6DHNDD ‘SVS
(98] 8y BuneAnde ejA v LAY LdS/MEld  -PRWS ‘LdS 44D 'Y UIANDY - - 'SZODS ¥DDS 'LWD3O0 ‘€20 (§51=U) DDSO
S92 2250 Ul
syuabe dInadesayiouayd
01 AJIAINISUSS 9dNPal pjnod
Kemyied ge-ySO/1MY U1 2-3WO0IYD0314D
BulreAnde Ag souosox ‘uxaued ‘gs-qgey
(s8] panusp-abeydoiepy v Jedso - - #-2SO -
S92 DDSO Ul UOISeAul pue
‘uoiyesayijold ‘uoneibIw
‘Yimolb |92 arowoid SMOH
[¥8]  PINOD IMVAIEId BIA ¢dOYL IMVEld 13Add ‘N31d ‘TdOYL - ‘ONH "£27¥D "€DSH ¥ DDS 921U 9pnu 5/g71vg
51192 DDSO 4O uonesajoid
pue ‘uoielbiw ‘uoIseAul
2oueyud p|nod Aemyied Ho1w MOH  $anssi Jowni-uou uade(pe
(€8] IMVEld Y} BIA Z-4Vd IVAEId ¢-dvd - 'ST-0DS pue DDS0 Jo sied 91|
DS Jo sisoydode
910woid pue uonessyjoid 6/€-osedsedold
ssauddns ued Aemyied ‘7129 ‘TIAD ‘3/1Q-uIphD €118-e2]
[¢8] IMVEld Y3 BIA SNDD IHVAEld 'xeg 'SNDD '®DDSL 92IW 9pnu-3/qgeg sl
921U apnu
Jossaiddns Jowny DIWAYIe 9]ewa) ‘sanssi
e se 1oe Aeemyied |Hy OIH Jouini-uou 1uadelpe Jo 0|
[18] /N3Ld bunenbaiein 145N IMV/N3Ld LINTD €LdSN - L €62 'SLDDS ¥DOSH 'LTIVD pue 3150 Jo ajduwes 05
Adesayroifyd
*sJoy uolpung Kemyred 19b1e] abuel asoq /bniqg saur 19D sa|dwes

(panunuod) g ajqey



Page 17 of 27

(2022) 22:254

Ghafouri-Fard et al. Cancer Cell International

PANOR
uonesayijold |92 anoiduw
pue Abeydoine ssaiddns

1w

apnu ajewa) Nu/NU d/g7vg

9peib-44S ‘sanssi Jowny

p|nod Aemyred YO LW/ MY xeg [TIVD -uou Juadefpe Jo a|dules
[sel 33 BIA 113d U6 320D HOLW/IMY  '79d '1-u1|29g 'I/11g€DT " L4ad - - 'SLDDS 'VIDSL'DIWOH  Z€ pue DDSO Jo djduies 98
2DSO Ul
Abeydoine buissaiddns Aq
uoissaiboid pue uonelayl|
-oid |22 |esowny 30woid 321w 9pnu
ued Aemuyred YOI W/IMY IED1/11ED7 'Xeg "¢-29 VODSL 9eWa} nu/Nu 5/971vg
[v6l 9yl BIA 6DSVD VNYOUT JOLW/ 1NV '79d '62S5¥D YNoU| - - "DIWOH '£2¥D 'SLDDS ‘Uoyod
51192 232350
4O 13 pue sisauaboudied UIIUSWIA ‘Uiayped-3
1qiyut pinod skemyied "L@-uIpPAD
UjUS182-g/AUM PUB JE-HSD 'JENSD DAN-D
(€6l JIIVEId YL BIABDYTd  IMV/MEId ‘UIUS1ed-g/3Uum 'YNDd 8DV 1d - - ONH '0ENH ¥NH D30OH -
[IDBIN0ION|Y-G pue upe|dsid
Ueyl 210w |92 DDS0 Jo
uonelsyjold ssaiddns pue
sjsoydode sonpul pjnod
shemuied |3y pue ¢/1343 YAV ‘e-ased M 0z-0 WM 051-0 unejdsp
[C6]  MdVIN 3yl BiA ULBWINSL DIV -seDdyvd €6d zzd 1zd ‘Wl -0 |1PRINCIONY-G ‘ULIBWINSLIG ST-DDS LT-IVD -
H[Es)
DDS0 Jo uonelsyijoid ays
ssauddns pue sisoydode
pue ABeydoine aonpu 1€D1/ED 6205
pIno> Aemyzed Yo w YoLw  ‘|-uipag ‘zod ‘g-asedsed 'ST-DDS
[L6]  /IXV/Eld Dy eia uidiuan IAVMEld dyvd UIAIAINS WM 00t-0 uidiuan MOHN wapnu o/g1vg 9_eW
$|[92 DDSO Jo uonesapoid
pue ‘Uol1eIBIW ‘UOISeAU ulayped-3
910woid pjnod skemyzed ‘uaypes-N (INgN) eSOdNW
JOLW/IMY/MEld PUe LING ‘URUSWIA [e22NQ [eWIoU 8¢ (4S0)
a3 BIA sIxe 7dg11/ds-Tr6 qoLw '7d911 'ds-eh6-yiw 1 €6C MOH s1soIqy snodnwigns [elo
[06] -gIW/ L11Sd32410 9y L "DIVAELd LA "L1LSd3I5 - - '62DS "LWN ONH '£2TvD am sajduies DDSO 791
siseiselsWw pue juswl
-dojanap §]193 5DSO HaIyu!l
pIno> Aemyzed v/MeEld uLaYyped-3
/ev-unyd3ayreinde-ole ‘utiayped-N D30IH 'ST-DDS 21U 3pnu
(68] -yl Jo uonenbai-dn INVMEd ‘€VYN43 ‘de-0lz-yiw - - AGLD! D/97vg ‘(€5 =U) DDSO
Adesayroifyd
*sJoy uolpung Kemyred 19b1e] abuel asoq /bniqg saur 19D sa|dwes

(panunuod) g ajqey



Page 18 of 27

(2022) 22:254

Ghafouri-Fard et al. Cancer Cell International

DDSO Ul sisauabo
-1bueydwA| 9>npul pjnod
Aermyed [3v/MEld/ADN-

3Y3 BIA (4yD) Sisejqoiqy 3NSSI) [BSOINW (IO
[eol] p31e1D0sSe ewoUDIEY) IVAELD BW-D - - — |ewlou pue DDSO Jo slied g
22SO

Ul [PAIAINS JO ID3IRWIOIG
B SB PaI3PISUOD 3 P|NOD
JOLW-d Jo uoissaidxs ay |
DS 2b6pu Jejoanje pue
‘1ejed pJey ‘|leAlbulb ayy
Ul pasueyua si kemyied

T IVAEId J0 Auandy HOLW ‘IIV/MEId N3Ld - - - (521 =U) 250
2050 Jo uop €11g-ed]
-esgyijoud (139 UgIyul pjnod oV ‘Izd "®D051
SIXe REOXO4/IIV/MEId La-unpho '52-20S 3NSSI [ULIOU JUD
[001] a1 BupPNPal Aq H61-Yiw DIVAEL "BEOXO04 "6 | -HIW - - D360 -elpe pue 550 Jo siied g
$1192 2250

Ul UOISeAU| pue uolielbiw
210Woid piNod SIXe ujua1ed

-gAUM /9ENSD/INVAEN UIu1e2-gJ/2Up Jge-Nso MONY ‘6225
[66] Ul BIN EdLHIH VNYIUT IMV/MEld "€dLH1d YN - - ‘¥2DS 'STODS ‘LYOLNNS (F€L=Uu) DDSO
SIEN
DDSO JO saseiserawl pue
‘uoIseAul ‘uonelbIwW |90 Xeg ‘z-]>g
ssauddns ued Aemyied |Hy ‘6-asedsed ‘ge-ysoH
MIEId Y3 BIA ZDWYT Bl OV
[86] -1BINGRI-UMOP AQ 1€ L-YIw VLD E LYW - - yad>e) @21W 9pNU NU/NUS/47vg
D250 Ut Aud
-doud d1usboduo AgIYXa €Q-UIPAD ‘1 Zd ‘uluaied-g
PINo sixe | MV/Meld/d453 ‘Ulisyped-3
ay3 BupeAide eiA [YD10N DAVAELD "UUSWIA UlIByped-N 6205
[,6] paioylol-sueiquisiy ‘Y493 ‘LU210N - - LTV -
S192 2DS0 40

uonesajijoid pue uoneibIw
aj0wolid pjnod Aemyied
[96]  IAVAIEID Y1 BIA dFESTVOT DIVELd dg9esIvol - - 1BDPH'EDSH 'ZTIeD '¥DDS (¢c6=u) DOSO

Adesayroifyd
*sJoy uolpung Kemyred 19b1e] abuel asoq /bniqg saur 19D sa|dwes

(panunuod) g ajqey



Page 19 of 27

(2022) 22:254

Ghafouri-Fard et al. Cancer Cell International

DDSO JO uonelapjold
oy ssauddns pjnod Aem

-Ued YO LW/ IMY/MELd Y qoLu ulaypes-| €DSH 9NSSI [ewliou 1uad
[601] Bunigiyul ein ulsyped-| DIVAEId ‘Lg-upAD - - 'Sg-0DS  -elpe pue 350 Jo sied 09
2DSO ulsypes-3
40 uonesayjoid |95 pue ‘ullayped-N
SISeIseIaW aowoid pinod ‘lleus 3d]W apnu
Aemuyzed ge-NSO/INV/MEld ‘UIUBWIA 'gE-5ISD DAN-D g (§=U) sanssi Jowni-uou
[801] BIA €0/ UIB101d 136Uy dUIZ IAV/ENd '€0/ u1101d 196Ul4 dUlZ - - ‘eL1g-eal juaefpe (g =u) DDSO
Adelayiolpels 015|193 DDSO
Buiziisuas ul pajAoAUL sI 4oLw PIAD d-1INO 9dIW 5/91vg
[z01]  Aemuyred yOLW/MEId BYL IMVMEId ' La-UIPAD ‘e-asedse) ‘xeg - - LIWO 'S2DDS YIS dpNuU 8jeW ‘(Z1 =U) DDSO
S|193 D250 ul
uonesajoid (|90 ugiyur ued
DIVAEId Yy Bunigiyut
eln Adelayl sulpAdeiyiue //€-9sedsed A 1-0 JDSO6M
[901] uese g6y 10 xod DIVAIEI '9E-NSD "8ed 7/ 19T duvdd ‘Wt 1-0 861dV 'UDIgnIoxop ‘DS024 ‘€871 'SCDDS -
Spou ydwiA| [ed1AID
3Y1 01 UOIBUIWSSSIP DDSO
JO WIsiueydawW oy a1enbal
PINO ge-45D ‘uonippe
ul 250 40 ABojoiq sy
91e|npouwl pue uolssaiboid
DDSO Ul PIAJOAUL oG PINOd (06=)
[sol] suial0id YO LW pue |3y HOLW DY Jedso - - —  DDSO poppaqules-uyjeied
SI192 23S0
Jo sisoydode aonpul pjnod TIVYL ‘C-129 ‘Xeg
Aemuyzed J31v/Meld 241 Bul 'pIg "1se4/se4
[FOl] -Ssaiddns eia supeuinbues VIS '6/8/¢-asedseD) W z-0 aulleunbues N -
unedsin
01 §||92 95941 JO AUAIISUSS
943 JO JUWDURYUD Aq
sisordode §|192 DDSO aYd
asealoul ued Aemyied
P-IN/IMVAIELD oYL BIA P-4N ‘C-1P9
991 Jo Uoissaiddns pue 'e6d dyvd Lese 92U 3pNu-3/g1vd
[€0L]  Cz-Yiw Jo uoissaldxalan0 DIVMEId  'e-9sedsed ‘g9l ‘cz-giw Ju/brl ge-0 unedsid ‘911 1DH '6DDS "LTI¥D "(95=U) 2250
Adesayroifyd
*sJoy uolpung Kemyred 19b1e] abuel asoq /bniqg saur 19D sa|dwes

(panunuod) g ajqey



Page 20 of 27

(2022) 22:254

Ghafouri-Fard et al. Cancer Cell International

HIEs)
DDSO ul uonesayljoid |93
pue ‘UoIseAul ‘uonelbiu
a10woid ued Aemyied

G¢-2DS 7-00S
‘€118e2L "®DDS1

SONSSI1 [ewliou Judefpe
pue $anssi1 DS 4o sited

L1l IMV/MEId @Yl BIA ENOJ IMVELd L-dV ‘ENOd - - 'LTIVD'SL-DSL 9€ 901w 5/g7vg 9jewa
S92 DDSL Ul
SOY JO S[9A3] Je|n|jde.ul
9sealou| pue ‘sisoydode
1sa11e /g9 ‘Abeydoine I1/-€1
s10woid pjnod skemyied "|-ulpag
PR1RIPBW-YO LW/ INV/MEld [OILE ‘JENSO '6/€-osedse) (91d)
[€L1]  pueddyw e uibequinid IAV/MEID Mdvw ged '7-1>g "xeg WM 6-0 uibequinid GCODS -
51192 23S0
u11sauie aseyd-|\/zo pue
sisoydode aonpul pue uol
-elgjljoid ssaiddns pjnod lzd €@
Aemued 13y/4Eld 341 Uols /1Q-UPAD ‘p/¢-asedsed LT18D
[cL1] -seuddns ybnoiyy uiuoplo IAV/MENd 'xeg 'z-1g B/6w 01-0 UIUOPUO  "€-DSH TN “LINN 'SZ-DDS  931W apnu 3/g1vg S[ewsy
DDS. JO uoiseAu| pue
‘uonelbiu ‘| N3 1owoid
p|nod Aemyied doo| 3oeq
-pa3y) an1sod Juapuadsp URUSWIA ‘Ulayped-3 S7ODS 9NSSI1 [eUIoU U3
(LI -IMV/38N-D 3yl BIA [INXOH IMV/IBIN-2 "LINX04 - - ‘6205 -elpe pue DD Jo sited 8§
wisljoge1sw
9500n|6 1uellage bupigiyul
AQ uolewlojsuel} JUeU
-Bijew HHSO ssauddns
PpINo3 sixe B -4IH/INV/Meld D1-d4IH
oLl 9U1 BIA g Ploe SlueAjeS IMV/MELd 11N A1 009-0 g pioe dlueAjes NS PN '£2IeD siaIsuwiey UeLIAS ajely
Adesayroifyd
*sJoy uolpung Kemyred 19616 abues asoq /6niq saul 19D sa|dwes

(penunuod) g 3|qeL



Page 21 of 27

(2022) 22:254

Ghafouri-Fard et al. Cancer Cell International

siIsauabolbue pue siseiselaul
DDSNH Ul buiynsas ‘Aemyied

IMV/EI 9Y3 eIA uoIssaidxa 493A
[ov] 493/ 318InB31 PINOd HALW DIV/AEld "(HALW) usypeisiy - - 48-G'9g9on|. (9€ =U) DDSNH
Aemued [3v/Meld SY2
eIA Pa1RIPaW 99 PIN0D €-Wi|
Bunenbai-dn ybnoiyy Adessyy
(1ad) L-yyeap pawwelboid IW 9/19/5D
[ev] -lue 03 3DueIsIsal dAidepy IAV/MEld e-will - - L DNEGd 9[PWR4 '(9¢ =U) DDSNH
DDSNH 4O UOISeAUl pue ‘Uol)
-eJay1j04d ‘UoiseAUl 1GIYUI UBD 7762
Kemyred |3v/Meld Y3 buissaid '€-DSH '9/0L-NNS
[S¥] ~dns eiA djdH JO umopsousy) IMVIENd dldH - - "D33H '0¢-2SO -
symoib (|22 jesowiny
pue ‘uoliessyijoid ‘siseisersw [7-1eD €1 18-edL
DDSNH 210wo.d ued Aemyed utisypes-3 ‘8-NH-DY (86=U) WTDN (86C=U)
[vv] [IRUS/INV/AEId 9Y BIA CD1S DIVAIEld "UNUSWIA|IeUS '¢D1S - - ‘L €6C 'NdeS DDSNH ‘9pnu D/gTvg o[ews
DDSNH 40 sl
-1adoud Jueubijew ay1 asealdul
pINod shemupied YdvIA pue g-4o1'8ed "13Ad W
[ov] YOLW/INY/MEID YI BIA €A MdYIN JOLW IIYMEID  'S5d 'gE-HSD ‘utuaied-g ‘exya - - 1DSYS €-DSH 'EMNAYS €-DSH  9pNu NU/NU-D1y2/gTvg 9B
DDSNH U0 19349 Jowni-lue ue 6/cased
aney pinod Aemyired |yy/Meld -SeD) UINIAING ‘| dYvd 'xeq
[1¥] a3 buissaiddns ein 9joyisO Vel ‘¢1p8 '1g-uPAD '7opD ‘NaLd WM o¥c-0 ElleiNe} ¥NH '5¢DDS /218D 'nded -
DDSNH 4O Siseiselaw
pue uonesajijoid ayi aowoud
PIN0> Aemujied uius1ed-g/1 iy uu1ed-g MOH "£2-18D ‘6 1-D50 '52-DSS
[6€] /MEId 3Y1 Buneande eia ZN4d IAV/MEld 'FENSD (2-N4d) T uljyoid - - '6-DSS ‘Npe4 -
JDSNH Jo uoissaiboud
3U} UleAIsuod ued Aemyied
Buileubis |yV/y€Eld BIA Ld6dENd 1eDrH SONSSI [BUWIOU JUSD
[8€] VNY JO uoissaidxa Bupua|is IAV/MEld Ld6dgM4 VNY - - '62DS ‘¥DDS ‘L¢-[eD 'NQed -elpe pue JOSNHJo sited 11 |
uolesdyljoid HHSNH uo
10943 Alonqiyur ue pey 1eyr 0D
AQ pa¥20|q 29 p|nod Aemyied JoLw YZC-D0S-NN
[€v] ABeydoine YO W/IMV/MEld ‘DIVMEId LWLSOS ‘geDTLdVYIN W 0€-0  (DD) auinboiojyd 'Nde4 '5¢-DDS '6-00S 7-2DS -
Adesayroifyd
*sJoy uonoung Aemyred 19bie] abuels 3soq /bniqg saull 19 sa|dwes

PUIOUIDIED [|9D sSnowenbs ydau pue peay ul Aemyied [MVEld JO 9|10y 9 djqeL



Page 22 of 27

(2022) 22:254

Ghafouri-Fard et al. Cancer Cell International

siselselaw
Jowiny aduUanyul ued
skemuyied ydyIN pue
IMV/MEId oY1 BIA LDINH
Kemyied

DAV/EId 9Y3 ssaidai
pue uonessjijoid 315D
UIR11S34 PINOD NNAM

Jo uopenbaiumog

205D 40

uolssaiboid ay3 Juanaid
pINo> Y493 buiseasdsp
Aq Aemyied [v/deEld
oY1 buleaioeu| eia
0CSO0DNIT VN2
uolssalboid HHSD JUSA
-31d pjno> uole|npow
IMV/MEld perelpaw
-IMddd BIA BLGh-YIw
HIERPERNI:=s)

uiys jo uonelayijoid
9o3npal p|nod Aemyied
JOLW/IMVEld @Y} JO
uonigiyul pue sisoydode
4O uondNpUl BIA 373
S||92 190Ued US

Uo S129yJ3 Jaouednue
pa1axa Aemyred Yo w
/LIV/MENd 341 buniqiyul
elA uloidodnioe

N3 ssauddns

PINO3 siXe [MV/Meld/Md3
/LNM 33 eIA gluiieder
J90Ued

Upys pasnpul-vd 1/vaNg
1qIyur pjnod Aemyed

HOLW/INV/MEld Bul
-1e|nbai Ag unsobuey-e

AV IAYAEL

IAV/MEld

IAV/MEld

IAV/MEld

dOL1W
DIVAELd

4oL
DAVELd

/13
"JOLW ‘IIV/MEId
‘UIU1ed-gJ/ I NM

<[O1H
"DIVAEId

ged ‘py/zpd

(NNAM) 9SeUIUINUAY

6/C-dWWN
493A 4493 ‘'0CS00DNIT

1)dad ®LSy-giw

129 "xeg

P9 'xeg

UIUSWIA ‘ulayped-N
4493 '¢-1g
‘g-asedsed)

L-ul>ag I/11-€071 ‘2129
‘c-asedse)
'xeg ‘gL-1|
‘8L/OL/Y-1I

w/6u001-0

AT 0p-0

M 0€-0

A -0

Bx/6w oz pue g

(LgOWH) L xoq
dnolb Ajigow ybiH

@vo)
19159 |KINg-U pIoe dlayed

uoidoonioe

quunede?

unsobuew-e

LEPY "€1DDS

L-10S
"LEPY 12DBH ¥IHN DDS2

LevY
2052

L5105 ‘21-22S 'S
-DSH ‘LEPY DD '1eDeH

6€-d1H
‘S-NNS Z-4DW
'€-Dd '¢-eDed
"LEVY 6V SV

STANMS

§347
‘20S

F=u)
S9NSSI1 UIYS [euLIOU
‘(LL=U) sanssi DDSD

90IW 9pNU ojeloH

D1W YD) 3jewaS

00SD

225D

225D

22D

euwiouldIed Uiys

19oued UIXS

(DDSD) BUIOUIDIRD |92
snowenbs snosueind

1ooued UIXS

uondung

Kemyied

10bae]

abuels asoq

Adesayroifyd
/6niqg

sau |19

s9|dwes

saseasiq Jo adAL

BUIOUIDIED [[9D Snowenbs snosueind ul Aemyied [3y/5Eld JO 310y £ djqel



Ghafouri-Fard et al. Cancer Cell International ~ (2022) 22:254 Page 23 of 27

LAMC2

TCR\T H \l Hcms
DOOOOOCO00 O 00000000 T OOOOOOO0 OO0
: “QM;“,” S e a8 Ba a8 s ERERER s
m Yy i
! .mR-134 Pm miR-194 Y
FAK /miR 451a

PTEN —1— /
PlP3 6)”9
mlR 27a

Survival

Ser473 | Thr308 o
Metabolism @ 60119 ®

Growth
Proliferation ‘V —

|3-Cantenm

e
SN
_/( fq \ /é/
2

l\" * N-cadherin

CircEPSTI1 >~ MALAT1

RN

9

- Vimenti P27kipl
{ @ Cantemn\/ 3 M { ip
5 TCF/LEF tode : \ o
%o, 1 o n1 % o >
b v et m Lo ,‘..I: Il.lz'l P21cipl
‘ Cyclin D1 B mf Y Mitochondria
miR-194

FTHIPS\ ~ "ikzw éNa
Y . RN

™
miR-134 \

Bim

Fig. 2 A schematic representation of the role of several ncRNAs in regulating the PI3K/AKT/mTOR signaling pathway in OSCC, TSCC and Cutaneous
SCC. Accumulating evidence has revealed that various ncRNAs (INcCRNAs, circRNAs, and miRNAs) could be negatively involved in triggering different
kinds of SCCs via activating PI3K/AKT/mTOR signaling cascade. As an illustration, previous study has authenticated that up-regulation of INCRNA
MALAT1 could promote the proliferation, migration, and invasion of tongue cancer cells via increasing the expression levels of AKT and MMP-9 [72].
Another finding confirms that overexpression of miR-21-5p could inhibit apoptosis via down-regulating the expression levels of PDCD4 as well as
pro-apoptotic protein Bax and up-regulating FOXO1 and Bcl2 through directly activating the PI3K/AKT pathway in tongue squamous cell carcinoma
[79]. Furthermore, mounting research has demonstrated that miRNA-451a via directly targeting PDPK1 could suppress cutaneous squamous cell
carcinoma development by modulating the PI3K/AKT signaling pathway [117]. Green lines indicate the positive regulatory effect among ncRNAs
and their targets, and red lines depict negative one among them. All the information regarding the role of these ncRNAs involved in the regulation
of the PI3K/AKT signaling pathway in several kinds of squamous cell carcinomas can be seen in Tables 6, 7

Discussion 2015 #155}. Thus, identification of the underlying mecha-
PI3K/AKT has essential roles in the development of dif- nism of over-activation of PI3K/AKT pathway in SCC
ferent types of SCC. Over-expression of PI3K, AKT, has practical significance in design of novel therapeutic
and p-mTOR has been reported in SCC tumors in asso-  options.

ciation with down-regulation or absence of PTEN [122]. Moreover, a number of anti-cancer drugs such as
Gain of function mutations in constituents of this path-  cisplatin, LY294002, Licochalcone A, Mukonal, Dehy-
way, amplification of PIK3CA and AKT, overexpression  drocostus Lactone, Curcumin, Chloroquine, Osthole,
of AKT and inactivating mutations or loss of PTEN are  Vitamin E succinate, Dasatinib, Tanshinone IIA, Geni-
involved in the aberrant activity of this signaling path-  pin, Pristimerin, 5 fluorouracil, Sanguinarine, doxoru-
way and subsequent progression of cancer {Simpson, bicin, AD198, Salvanic acid B, Oridonin, Plumbagin,
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a-mangostin, Lapatinib, Lactucopicrin and caffeic acid
n-butyl ester have been found to exert their therapeu-
tic effects in SCC via modulation of this pathway. It is
worth mentioning that drug-loaded nanospheres and
microspheres as a novel strategy for drug delivery can
be used to form a material, mechanism, and cell combi-
nation that can not only treat the disease, but also ver-
ify the pathway. The possibility of using these systems
for delivery of afore-mentioned drugs should be studies
in future studies.

In brief, the bulk of evidence shows the impact of dys-
regulation of PI3K/AKT pathway in the pathogenesis of
SCC and determination of survival of patients with this
type of cancer. Moreover, targeted therapies against
this pathway have been found to be effective in reduc-
tion of tumor burden both in animal models and clini-
cal settings. Since this pathway has an established role
in the induction of epithelial-mesenchymal transition,
these therapies are expected to affect tumor metastasis
as well. Besides, therapeutic modalities against PI3K/
AKT might act in a synergic manner with other anti-
cancer modalities, enhancing the survival of affected
individuals. PI3K/AKT pathway can also act as a medi-
ator of HPV-induced cancer stem-like cells features in
SCC [59], further highlighting the importance of this
pathway in malignant features of SCC.

Finally, a number of molecules that regulate PI3K/
AKT pathway can be used as diagnostic markers for
different types of SCCs.

Recent studies have also indicated the impact on non-
coding RNAs in the regulation of PI3K/AKT pathway
in different cancers, including SCC [123]. Thus, when
designing novel therapeutic options against this path-
way, it is necessary to consider the regulatory roles of
these transcripts and their expression levels in these
patients. Such approach may lead to establishment of a
more effective personalized therapeutic strategy.
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