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EPEFT 194 A cireRNA 3 256 31F , T 58 19 3 4~ 1 cireRNA (circHLA-C, ¢ireTTN, cireRNF13) 12 4~ F 1 cir-
cRNA (circSEPN2, circALDH3A2) 3¢ 1k 84 #4553 5 45 J— 20, = cireHLA-C 2 H A 5 2 87 42 67 5 1Y ¢ 8 cir-
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[Abstract] Objective To find any differentially expressed circRNAs in oral leukoplakia (OLK) and oral lichen pla-
nus (OLP), to investigate the possible role of circRNAs in the pathogenesis of these two diseases. Methods This study
obtained hospital ethical approval. High-throughput sequencing was used to detect differentially expressed circRNAs in
OLK, OLP, oral squamous cell carcinoma and normal oral mucosal tissues. CircRNAs were verified by qRT-PCR, enzyme

tolerance assays and Sanger sequencing. GO functional analysis and KEGG pathway analysis were performed to predict
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the functions of circRNAs in OLP. TargetScan and miRanda were applied to predict targeted miRNAs and mRNAs of cir-
cRNAs, and ceRNA networks were mapped. Results A total of 49 circRNAs were differentially expressed in OLK and
OLP together, including 30 upregulated and 19 downregulated circRNAs. The five circRNAs confirmed with RT-qPCR,
including circHLA -C, circRNF13, cir¢TTN, circSEPN2 and circALDH3A2, were all abnormally expressed in OLK and
OLP, among which circHLA-C was a key circRNA with trans splice sites, which was validated by expanding the sample
size. ROC curve analysis showed that the area under the circHLA-C curve for predicting OLK was 0.955, and the area un-
der the circHLA-C curve for predicting OLP was 0.988. GO functional analysis showed enrichment of many biological pro-
cesses related to the immune process. The KEGG pathway with the highest enrichment score was "Natural killer cell medi-
ated cytotoxicity". HLA-C was significantly enriched in these processes/pathways. CeRNA network analysis showed that
circHLA-C interacted with a variety of miRNAs, such as hsa-miR-26a-5p, hsa-miR-129-5p, and hsa-miR-29a-3p. Con-
clusion Many circRNAs were differentially expressed in both OLK and OLP, circHLA - C being the most elevated.
CircHLA-C is valuable for the early diagnosis of OLK and OLP and may serve as a potential biomarker for the diagnosis
and prognosis of OLK and OLP.

[Key words] circRNA; circHLA-C; oral leukoplakia; oral lichen planus; oral potentially malignant disor-
ders; malignant transformation; biomarkers; high-throughput sequencing
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P ff 285 55 785 76 8 M4 955995 (oral potentially malig-
nant disorders, OPMD)#8 & A= 7F I i 2 5 2 21 ) —
FIEEWAS , 51FE % H 2 (normal oral mucosal ,
NOM ) AH b BE 25 ) J A 1 i, A48 F 1 11 B4 (oral
leukoplakia, OLK) \ZL5E | H S BN 2F 44k L 1
Jiit °F & & (oral lichen planus, OLP) | ZIR 20 B5E AR 4
S, OLK WY A8 R i m , 0 1.1% ~ 40.8%" 5 1fif
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5 OLPAT RN W 5iRYT7 . AW 5T i s
JPii%: OLK . OLP . OSCC F1 NOM £ 411} cireRNA )
FAKGG , X F 22 S R IB Y cireRNA HE 47 50 Uk 53
BT, I cireRNA 7 OLK 5 OLP &£ & R i
w7k K AE L

1 #ERFFE
1.1 BHFRAERERR
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Z 5 EWIEARF S ZVFRAEAREAERE A,
ABIEFE 28 LA LN R R B AE B 2 G o it i
#4145 :89(2012)21 o BEHR LA EHZI%% 6 (AT
e 38 I, X 4 R A3 N BT, PN
OLP(P)5 NOM(N) 22 5 31K circRNA ; KN 41 : OLK
(K) 5 NOM (N) 22 5 % ik cireRNA ; SP 2] : OSCC
(S) 5 OLP(P) 2% 57 £ 35 circRNA 5 SK 20 : OSCC.(S)
55 OLK (K) 22 5 15 circRNA
1.2 3R A Fa L5

Trizol %4 f# WX (Invitrogen life technologies, 3%
) ; Ribo-Zero rRNA Removal Kits ([llumina, 35 [ ) ;
TruSeq Stranded Total RNA Library Prep Kit (Illumi-
na, 3¢ [ ) ; SuperScript I 1% %% %35 & (Invitrogen ,
[ ) ; qRT-PCR 519 ( Ll = P AW TR AR FH
FRZS ], H1[E ) ; qPCR SYBR Green master mix (|- 7
P EYPHECA R A A, 1 E ) ; RNaseR (Epicen-
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tre, 5 [ ) ; RNase inhibitor (Millipore , 3€ [E ) ; Nano-
Drop ND - 1000 X #% (Thermo Fisher Scientific,
Waltham, MA , 35 [H ) ; BioAnalyzer 2100 & (Agi—
lent Technologies , F E ) ; lumina HiSeq 4000 il 52
F- 55 (Humina, FE ) 5 5296 E i PCR X (Ther-
mo Fisher, 3€ [E ) ; GeneAmp PCR System (Applied
Biosystems , 3¢ [# ) .

1.3 RNA #& 3 fe i 4%

{8 FH Trizol 1257 £ $2 HUEL RNA , fiff FH NanoDrop
ND-1000 U 5 43 25 ) i RNA F 20 BE Fgcit . LA
I BE Do/ ODaso fH HI A RNA 45 B2 48 41, ODaso/ODso
HHN 1.8 ~ 2. /E NG R TEIH
1.4 RNA M 5

{#i F Ribo-Zero rRNA Removal Kits # [ &L RNA
F1 1 rRNAs, 5 TruSeq Stranded Total RNA Library
Prep Kit FiAb # RNA, #8 U ¥ SCPE . {8 FH BioAn-
alyzer 2100 {0 EAT SO Bz ME & h L=
A PR BR S vl R A im0 o AR Tlumina
I 158 BHAE Tlumina HiSeq I 31 R FH A i X
HEAT 150 cycle .

L5 AP

M P24 THumina HiSeq 4000 0 AL WAL 3R XL
¥iit reads , 58 cutadapt (v1.9.3) 5 STAR (v2.5.1b) %k
1, FARBTAE reads , B 55 BT 5 reads X 3 2 7% 5L
2l el b DCC 3 (v0.4.4) | circBase
B s E N cire2Traits, 9E 47 cireRNA #5 0 & € 5
TR

1 ] edgeR Bk 4 (v3.16.5) HE AT B4 s 1 AL I
25 5 223K cireRNA i 26 o #6452 % 5 UL 4K (fold
change, FC) = 2.0, P <0.05 VE i1k 22 % circRNA
MYBIME . cireRNA & &80 5 1 B = F R A
BR 2 ) e JCRs i S B s 400 26 4347 o
1.6 qRT-PCR Bt % | Sanger M A

fs J SuperSeript T 39 %% 5% 120 571 &0 45 42 JU)
RNA j# % 5% 4 ¢cDNA, GAPDH 1 4 (N S 3L [N, 38 1
QuantStudio 5 Real-Time PCR System #47 qRT-PCR
FONE, A5 T 5 1 e 9 i AE TR (GR 1) .
KR PCR 25 3 P B2 57 3R 3K 1835 19 cireRNA | {1
RNase &b BEZHL ) RNA, 37 C/K A 20 min 3E17
i 52 5255, 25 A4 AT Sanger M T JriiE o X 28
13 564 (1 cireRNA, 7E OLK . OLP, OSCC 2 NOM #%
20 I P REEAR G IGUE . R ] 27 X H 1Y
L PR A X Ak K BEAT AR A5 30 4% H R

2RI TEN , 18 1 Graphpad Prism #£47 ROC i £
38T o

®1 RT-PCRBIWMEHE
Table 1  The primers used for qRT-PCR experiments

cireRNA ID Primer type Primer sequence (5-3)
circHLA-C Forward  CGGCAAGGATTACATCGC
(chi6:31238920-31324013-)  Reverse  CCTTCCCGTTCTCCAGGT

circTTN Forward ~ CCTGCTAAAGTGCCTGAAGTT
(chi2:179516028-179516243-)  Reverse  AACCACCAGAGGCACCTTC
circRNF13 Forward  GACATAGAGCTAGAAGAAACAGACT
(chi3:149613260-149639014+)  Reverse  GCCTTGTATCCTGCTCTCTG
circALDH3A2 Forward ~ CTGTTGCTCACTTTCCTGGG
(chr17:19554860-195752694)  Reverse  TGACTTCCTGACTGTACACATTG
circSENP2 Forward  ACAGCTGAATGGGAGTGATIG

(chr3:185293003-185344181+)  Reverse ~ GTGGCAGCACAGAACCTTC

1.7 ceRNA W 289 #1352 55 £ 415 & 5 9 A7

& H TargetScan , MiRanda 5 Cytoscape (v2.8.0)
BRPEDEAT cireRNA BT 7648 miRNA FUI0 S 0T i
miRNAs Fll mRNA 2% 14 2 . 38 i) B A 4K (Gene
Ontology , GO ) & 4 Fl 5T AR [H AN 3L 4 o Bk 415
(Kyoto Encyclopedia of Genes and Gnomes , KEGG )43
AT 2 1] 2 [ 22 53 F2 3K 119 cireRNA Y55 PR 11 2 g 3
%, GO L35 3 -4k « 4 9 i #2 (biological process ,
BP) . 21 ffd il 53 ( cellular component , CC) Fl153F-T 5
(molecular function , MF) .
1.8 it F ot

fdi H SPSS 19.0 Fl Graphpad Prism 8.0 4k {4 #£47
Bl oy b R BORSR P 8 pr i 2280 R
FHAST ¢ 5 30 AT A IA] U . GO W s A 1) Wik 3 1k
25k Fl Fisher K50 . P < 0.05 22 5 HAT Giil2#

2 & R
2.1 2 & E circRNA #9 & ik % Fo g 4

PN 2H 2% 52535 cireRNA 2 1354 4045 834 [
PEFI52 4 T cireRNA ; KN 4H 2% 5 3235 cireRNA 4k
366 4, H:H 65 4 cireRNA _F 1, 301 4 circRNA T
P8 5 SP 4H 2% 5 253K cireRNA 3t 94 4~ | Hor | 81
A, R 134 5 SK 4 25 53 F 3K circRNA 4t 389 4~
45 376 1 LI AT 134T 1 cireRNA 5 ILAM, P2 I
K 2H 22 % 335 cireRNA 3£ 329 4>, 275 /4 cireRNA |
M, 54> cireRNA N 5 1] FHJZ IR R 28 53 by AT RN
K1 B 43 BT cireRNA 7E OLK (K) . OLP (P) . OSCC
(S)FINOM(N) g IR IE L (B 1) o JRIREEE T
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a:  hierarchical clustering analysis
showed the circRNA expression pro-
files of OLP, OLK and OSCC; red rep-
resents upregulated circRNAs, and
green represents downregulated cir-
cRNAs, llog,FCl = 1, P<0.05; K: OLK;
N: NOM; P: OLP; S: OSCC; b: scatter
plot of differences in circRNA expres-
sion between OLP and NOM tissues;
c: scatter plot of differences in cir-

cRNA expression between OLK and

Q NOM tissues; d: scatter plot of differ-

ences in circRNA expression between
OLP and OSCC tissues; e: scatter plot
of differences in circRNA expression
between OLK and OSCC tissues; f:
scatter plot of differences in circRNA
expression between OLP and OLK tis-

sues; red represents upregulated and

downregulated circRNAs with llog,FCl =

s

0 i
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G OLK: oral leukoplakia; OSCC: oral

1, P <0.05; OLP: oral lichen planus;

squamous carcinoma cell; NOM: nor-

mal oral mucosal

Figure 1  Differentially expressed
circRNA  hierarchical clustering
analysis: heat map and volcano
e map of circRNAs of OLP, OLK
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I & & GEO W ¥ (https://www.ncbi.nlm.nih.gov/
geo/) , GEO J¥ 51 5 4 GSE131567 . GSE131568 FI
GSE131182,

XF PN 2H 5 KN 2H 22 5 35 1Y cireRNA HUSZ4E
A Y cireRNA 3£ 49 4N (25 36.3% ) , BNAE P 2H v i
2 LIE M cireRNA £ 30 78 K 41 R A 2 2 1,
TP B3 T P cireRNA A 19 N7 K 41 1 [+
R ZE T (B 2a~2¢) o JERIAY, X SP 45 SK 4
sz 46, 76 SP 4 B 3 F A Y cirecRNA 3 21 A7
SK 2 [ Bf 2 35 R, 7E SP A v 35 T Y cir-
cRNA A 1 A7E SK 4 Hr[a)FE i 2 T ] (181 2d L 2e ) o

PN 41 5 KN 4 A5 19 49 22 3R B W cir-
cRNA Z 87N 12k U5, IF HE 90 A circhase, H:
B 7 A 1 cireRNA 1 AR 90 A circbase , B4 K B 4

R0 I JEE SR 40 0 22 7 3R 3K -

cRNAs JZ 1R 32570 Hr #4& ik
o il

-75-50-250.0 25 50 75
log, (Fold Change) OLP_vs_OLK

HTERT4 : < 500 F1500~2 000 T2 , L7 T
Ji NGk I, A4S 21 250 e iR R X G 0
I (EI3) o MR 22 AR PAE , 53X AP0 S
F M K cireRNA 9 circHLA - C | circRNF13 (hsa_
circ_0006801) . circTTN . circSEPN2 Hl circ ALDH3A2
(hsa_circ_0008603) .35 2.
2.2 #t—F B4E B 49 circRNA

X} 07 1 B cireRNA 4T qRT-PCR 831 , 25 5 1 7%
circRNA [ 3 i5 1 #3455 0 77 25 3 M [ (&
4a~4e) o XF cireRNA HEAT G 52 8050 (90 B K /)
T 300 nt B FFAR RNA) , o circHLA - C #l cir-
cRNF13 A28 fb A% %5043 1) 4 1.986 F11 3.052 (€] 4f)
WX P FR cireRNA 7] DB A% B A% R i ( RNase )
B9 7K fif , 4 2L B2 2 323K 5 X cireHLA-C Fl cir-
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a: Venn diagrams of upregulated cir-

21 301 cRNAs in PN and KN; b: Venn dia-

31 grams of downregulated circRNAs in

PN and KN; c: Venn diagrams of dif-

24

ferentially expressed circRNAs in

e @ G PN and KN; d: Venn diagrams of up-
regulated circRNAs in SP and SK; e:

60 OLP_us_NOM (PN) Venn diagrams of downregulated cir-
352 -
21 c¢RNAs in SP and SK. OLP: oral li-
OLK_us_NOM (KN)
1 1 12 chen planus; OLK: oral leukoplakia;

OSCC_vs_OLP (SP
- P) OSCC: oral squamous carcinoma

@ @ 0SCC_vs_OLK (SK) cell; NOM: normal oral mucosal

Figure 2 Venn diagrams of differentially expressed circRNAs of OLP, OLK and OSCC
2 HEFBE., R 5 8 A SRR A 5 22 5 3K circRNAs Venn 8]

20 up-regulated
2% 15 down-regulated
6% 8
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5 a: differentially expressed circRNAs in PN
exonic
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to the host gene structure (exon, intron and
9 @ sense overlapping circRNA); b: classifica-
50 up-regulated ‘ up-regulated down-regulated tion according to circRNA length; c: seven
40 down-regulated of the differentially expressed circRNAs
30 were newly discovered; d: chromosome dis-
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10 . . .
. downregulated differentially expressed cir-
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Known Novel EEEGEEEEEEEEEEEEEEEEEE cRNAs. e: coexpression and differentiall
80500080 5566665865836¢6 P Y
G @ expressed circRNAs in the PN group and
KN group, SP group and SK group. PN: oral
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hsa_circ_0008350- .
hsa_circ_ 0066251 reHLALG oral leukoplakia vs. normal oral mucosa; SP:
E-z::z-ggggggg hsa_clrc_0620394, . .
. hsa_circ 0001953, oral squamous carcinoma cell vs. oral lichen
hsa_circ_0078619- .
GIrcMYH?circKDELRS, planus; SK: oral squamous carcinoma cell
CircTTC34--
vs. oral leukoplakia
circHLA-C , circRNF13, hsa_circ 0004189,
GireTTN: GircSENP2, circMUCSBcircHLA- Figure 3  Distribution of the character-
ALDH3A2:- DRES- o e 0001084
istics of significantly dysregulated cir-
cRNAs
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HEE T Y 522 57 K58 cireRNA

Table 2 Five circRNAs differentially expressed in oral leukoplakia and oral lichen planus

OLP »s. NOM OLK »s. NOM 0SCC vs. NOM
circRNA 1D Genename circhase 1D Category Length Regulation
logFC P logkC P logkC P

chr6:31238920-31324013- HLA-C novel sense overlapping 85 094 up 7229 <0.001 7.719  <0.001 6.584  <0.001
chr2:179516028-179516243~ TIN novel intronic 216 up 7213 <0.001 5.034  0.003 6.946 < 0.001
chr3:149613260-149639014+ RNF13  hsa_cire_0006801 exonic 379 up 5271 0.005 5735 0.002 5269  0.005
chr17:19554860~-19575269+  ALDH3A2  hsa_circ_0008603 exonic 1290  down  -5533 0012 -5532  0.006 -5532  0.017
chr3:185293003-185344181+ SENP2 novel sense overlapping 51 179 down -8583 <0.001 -8583 <0.001 -5502 @ 0.017

OLP: oral lichen planus; OLK: oral leukoplakia; OSCC: oral squamous carcinoma cell ; NOM: normal oral mucosal

@ P Q ,M—*;| G ******* .a~e: five selected circRNAs were sub-
L s s < 0004 m . — jected to qRT-PCR Vall('latlon in OLP,
g ) ; 000 — F OLK,. 0SCC and N.OM tlssues. (n = 6);
é i g E § E the five selected circRNAs (circHLA -
g—% 4 f g 0.00 3 ‘%S C, circTIN, circRNF13, circALDH3A2,
% P f—, 0.001 I é 8 circSEPN2) showed the same expres-
E 0 = 0.00 g sion trend as the sequencing results;

PorRosoN PorReos N wrEk, P <0.000 1; ##%: P <0.001. P:
@ e Q i 0 OLP; K: OLK; S: OSCC; N: NOM. f:
ks e 1.200 Mock - #fnase & the relative expression of the cir-
= 20 ,ﬂ] = 15 ,ﬂ cRNAs before and after RNase R treat-
; g 15 I % 10 I 0800 ment was 1.986 and 3.052 times, re-
;.:. 5 10 % ; 0.400 spectively; g: RNase R analysis showed
% E 5 :2’ % 5 I that circHLA - C (chr6:31238920 -
3 : . . . 0.000 31324013 -) and circRNF13  (chr3:
P K S N P K S N circHLA-C circRNFI3 cireALDH3A2 cireSENP2 149613260 - 149639014 +) resisted di-
gestion by RNase R; back-spliced site
[ehvs (p21.30) (] of circHLA - C (chr6:31238920 -
<= 31324013-): CTACCTGG; OLP: oral li-
CATCCGAG cireHLA-C — GGGAGGTC chen planus; OLK: oral leukoplakia;
OSCC: oral squamous carcinoma cell;

CTAC CTGG NOM: normal oral mucosal
1r R Figure4 Further verification five

W:“M

~ |

cRNF13 #17 Sanger I )5 , AL 1E circHLA-C. |- 5] %]
T 1A 3514 85 CTACCTGG (Kl 4g) o

XF 20 1] OLK . OLP ZH 411 ) circHLA-C 4T qRT-
PCR ¥ K FE A 5 56 UE , NOM 2H 1 20 {5 4 Jg Xif R
44, ROC M1£k 43 #7 .7~ OLK 1 circHLA-C i 26 T

H A 0.955 (95% CI: 0.892 ~ 1.00, P <0.001) ,

circRNAs differentially expressed
in OLP and OLK

B 4 9t — % OLP 5 OLK
15 14 5> cirecRNA

OLP 1 circHLA-C i1 4 5 [ L2k 0.988 (95% CI:
0.988 ~ 1.00, P < 0.001) , ROC 43 1 2. 7 circHLA-C
=12 W OLK \OLP B AE A= b i (15) o
2.3 GO F#e = KEGG o Ak i@ 355 5 571

PN 2H 5 KN 41 [ cireRNA J5 3£ K 19 GO T fig
AT, PN 55 KN 415 46 25 5 Hh A R A 2
i REAE 126 4%, Hovp VR % 5 114 4%, H 5 50%
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4—
= 0.8 = 3
g = e,
= & 72
N
2 5 P
<] 3 P
ot , & } z S
04 0.0F = -
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Figure 6 Bioinformatics analysis of significantly dysregulated expression of circRNAs of PN group and KN group
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Figure 7 KEGG analysis of the differential expression of circRNA in PN group and KN group
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Table 3 circRNAs differentially expressed in PN and KN participate in KEGG

PathwaylD Definition Genes
hsa04650 Natural killer cell mediated cytotoxicity HLA-B//HLA-C//MAPK1//NFATC2//PPP3CC//SOS2
hsa05416 Viral myocarditis HLA-B//HLA-C//MYH7

hsa04612 Antigen processing and presentation HLA-B//HLA-C//TFI30

hsa05166 HTLV-I infection HLA-B//HLA-C//MAP2K4//NFATC2//PPP3CC
hsa05330 Allograft rejection HLA-B//HLA-C

hsa05332 Graft-versus-host disease HLA-B//HLA-C

hsa04940 Type 1 diabetes mellitus HLA-B//HLA-C

hsa05320 Autoimmune thyroid disease HLA-B//HLA-C

hsa04010 MAPK signaling pathway MAP2K4//MAPK1//PPP3CC//SOS2
hsa05206 MicroRNAs in cancer CYP24A1//FOXP1//MAPK1//SOS2
hsa05169 Epstein-Barr virus infection HLA-B//HLA-C//MAP2K4
hsa05205 Proteoglycans in cancer ANK1//MAPK1//SOS2

hsa05203 Viral carcinogenesis HLA-B//HLA-C//MAPK1
hsa04514 Cell adhesion molecules (CAMs) HLA-B//HLA-C

hsa04145 Phagosome HLA-B//HLA-C

hsa04141 Protein processing in endoplasmic reticulum AMFR//PDIA4

hsa05164 Influenza A MAP2K4//MAPK1

hsa05168 Herpes simplex infection HLA-B//HLA-C

hsa04015 Rapl signaling pathway LPAR3//MAPK1

hsa05200 Pathways in cancer LPAR3//MAPK1//SOS2

PN: oral lichen planus vs. normal oral mucosal; KN: oral leukoplakia vs. normal oral mucosal
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Table 4 circRNAs differentially expressed in SP and SK participate in KEGG

PathwaylD Definition Genes

hsa05166 HTLV-I infection AKT3//ATM//CANX//CREBBP//HLA-B//HLA-C
hsa05169 Epstein-Barr virus infection AKT3//CREBBP//HLA-B//HLA-C

hsa04612 Antigen processing and presentation CANX//HLA-B//HLA-C//HLA-DQB1

hsa05416 Viral myocarditis HLA-B//HLA-C//HLA-DQB1//HLA-DRBS//ITGAL
hsa05330 Allograft rejection HLA-B//HLA-C//HLA-DQB1//HLA-DRB5
hsa05332 Graft-versus-host disease HLA-B//HLA-C//HLA-DQB1//HLA-DRB5
hsa04145 Phagosome CANX//DYNCIH1//DYNCILI1//HLA-B//HLA-C
hsa04144 Endocytosis AP2A2//CBLB//DNAJC6//EPS15//FGFR2//HLA-B//HLA-C
hsa04940 Type I diabetes mellitus HLA-B//HLA-C//HLA-DQB1//HLA-DRB5
hsa03013 RNA transport CLNS1A//KPNB1//NUP98//PABPC1//RGPD1
hsa05320 Autoimmune thyroid disease HLA-B//HLA-C//HLA-DQB1//HLA-DRB5
hsa04514 Cell adhesion molecules (CAMs) HLA-B//HLA-C//HLA-DQB1//HLA-DRBS
hsa04810 Regulation of actin cytoskeleton ARHGEF7//FGFR2//ITGAL/ITGB6//PIK3CA
hsa05164 Influenza A AKT3//CREBBP//HLA-DQB1//HLA-DRB5//NUP98//PIK3CA
hsa05168 Herpes simplex infection CREBBP//HLA-B//HLA-C//HLA-DQB1

hsa05203 Viral carcinogenesis CREBBP//HLA-B//HLA-C//PIK3CA

hsa05202 Transcriptional misregulation in cancer ATM//ETV6//PTK2//WHSC1//ZEB1

hsa04650 Natural killer cell mediated cytotoxicity HLA-B//HLA-C//ITGAL//PIK3CA

hsa04141 Protein processing in endoplasmic reticulum CANX//SEC31A//UBQLN1//UGGT2

hsa04510 Focal adhesion AKT3/1TGB6//PIK3CA//PTK2

SP: oral squamous carcinoma cell vs. oral lichen planus; SK: oral squamous carcinoma cell vs. oral leukoplakia
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