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[# ZE] HME: HITEpsISFEZMEN 2 (EHD2) . i/ RNA let-7c (miR-let-7c) M &% E
i RNA (IncRNA) FOXD2-AS17EM @R 40 Mz (LSCC) HA iy RILAKF-, MU EHD2/miR-
let-7¢/FOXD2-AS15 581 5 LSCC & AE R B . ik I 40 4 LSCC B #H M A U A, it I
g B R AR R A (Rl oAk, 326D RE A (IR Ak, 8D, Fi A bk 1 25 e
(TNM) R4y 2 TNM R8I0 (T -1, 134)) M TNMBEIE (-VH, 274)), K4
T EGEH R MR A (21 6)) R RS (1961) . 55 B 40 i %t B 98 55 1F % 41 S5 A AE ol 4o 1R
Ao R LU kR 45 bR A o EHD2 Rk B0, A Hr 5 LSCC 8 1 A BE 2 502 8] 1
KFER, RHAYE BT L miR-let-7c R E /N RNA (miRNA), 55 8 7 X 87 L 25
B AL FOXD2-AST/E M8 3 IncRNA . B 10 %37 & 1) LSCC 4121 bi A R 55 1E # A 48U A, R H
SEIF PG E i PCR (RT-qPCR) 4 2 ZHFHEACH EHD2 mRNA | miRNA-let-7¢ fl FOXD2-AS1 %34
KA, IR UE G . GRS IEE AL, LSCCALUh EHD2 Rk /K BRI (P<
0.01), H TNM R Mgl 83 LSCCAZih EHD2 fHM R B F U & F TNM B4 (P<<0.05), HiH
FEHAA ToM S5 5 R 5 EHD2 Rk T B OCHE (P>0.05) . 555 IEH A8 HE, LSCCHH
miR-let-7c F ik KB W FEAE (P<<0.01), FOXD2-AS1 kK B I8 (P<0.05), LSCCZH4
FOXD2-AS15 miR-let-7c FLKF LA ALK R (r=—0.67, P<<0.05), miR-let-7c 5 EHD2 mRNA
RIKKFEAMIEXER (r=—0.83, P<<0.01)., &#r: EHD2 fil miR-let-7c £ LSCC 20 Z1rp L £
ik, ATREBTANE L, FOXD2-AS17E LSCCHI 4 m ik, nlREEH 15 ; FOXD2-AS1/
miR-let-7¢/EHD2 {5 S Hlin B2 5 T LSCC W &4 Kk & .
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ABSTRACT Objective: To discuss the expression levels of Eps15 homology domain-containing protein 2
(EHD2), microRNA let-7c (miR-let-7c), and long non-coding RNA (IncRNA) FOXD2-AS1 in laryngeal
squamous cell carcinoma (I.SCC) tissue, and to clarify the association between EHD2/miR-let-7c/
FOXD2-AS1 signaling axis and occurrence of LSCC. Methods: Forty LSCC tissue samples were
collected and classified into low grade group (moderately or high differentiated, 32 cases) and high grade
group (poorly differentiated, 8 cases) according to the pathology results; according to the tumor node
metastasis(TNM) clinical staging results, the samples were divided into TNM early stage group (stages
L-1I', 13 cases) and TNM late stage group (stages [lIl-IV, 27 cases) ; based on the lymph node metastasis
results, the samples were divided into metastasis group (21 cases) and non-metastasis group (19 cases).
Additionally, 40 corresponding normal adjacent tissue samples were collected as control group.
Immunohistochemistry method was used to detect the expressions of EHD2 in various groups and its
relationships with clinical pathoparameters of the LSCC patients were analyzed; bioinformatics method
was used to confirm that the miR-let-7¢ was the candidate microRNA (miRNA) and FOXD2-AS1, which
had binding sites in its promoter region, was a candidate IncRNA. Ten pairs of fresh LSCC tissue samples
and adjacent normal tissue samples were collected. Real-time fluorescence quantitative PCR (RT-qPCR)
method was used to detect the expression levels of EHD2 mRNA, miR-let-7c, and FOXD2-AS1 in the
samples in two groups, and their associations were verified. Results: Compared with adjacent normal
tissue, the expression level of EHDZ2 in LSCC tissue was significantly decreased (P<C0.01). The positive
expression rate of EHD2 in LSCC tissue of the patients in TNM early stage group was significantly higher
than that in TNM late stage group (P<C0.05). There was no significant association between EHD2
expression and pathological type or lymph node metastasis (P=>0.05). Compared with control group, the
expression level of miR-let-7¢ in LSCC tissue was significantly decreased (P<Z0.05), while the expression
level of FOXD2-AS1 was significantly increased (P<C0.05). In LSCC tissue, the expression level of
FOXD2-AS1 was negatively correlated with the expression level of miR-let-7¢ (r=—0.67,P<C0. 05), and
the expression level of miR-let-7c was negatively correlated with the expression level of EHD2 mRNA (r=
—0.83, P<<0.01). Conclusion: EHD2 and miR-let-7¢ both express at low levels in LSCC tissue and
may be new tumor suppressor genes; FOXD2-AS1 is highly expressed in LSCC tissue and may be a new
oncogene. FOXD2-AS1/miR-let-7¢/EHD2 signaling axis may be involved in the occurrence and
development of LSCC.
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W 6 1 A BR R R 2 Ry 2.4/10 5 1, 2 L
B Sk FHH A bR 2 — 93 %6 ~99 %6 B Mk S Bk
A JE T oMk % IR 48 M %8 (laryngeal squamous cell
carcinoma, LSCC) "™, it LSCC 1y & A= #L il A
KIBHHE T EZ ., Epsls M H &5 MW H H 2
(Eps15 homologous domain protein 2, EHD2) J&
EHD & AR EM G 2 —, fE TR LI —
s SRR, BAS 5 M RN T
Bhae . #FsE Y R . EHD2 AT 8 R MR T AE R
Fges FE A, B A3 7 BIL I i A UL AR o 0B 58
SEFE LI (The Cancer Genome Atlas, TCGA)-
Sk #0158 IR 40 i 98 (Head and Neck Squamous Cell
Carcinoma, HNSCC) #¥g ¢ (hitp://www. cancer.

gov/tcga) KA. /N RNA let-7¢ (microRNA-let-7c,
miR-let-7c) 5 EHD2 £KHBE MM KL R, KiEdE
Y B 4% M A% 1R (long non-coding RNA, IncRNA)
FOXD2-AS1 76 A LSCCHA T Bk, HYES
miR-let-7c J3 8 ¥ X SAFFE S G s HAET, X T
EHD2., miR-let-7c Al FOXD2-AS15 LSCC % 4 %
J B DG IR R LA E o AS BIF 5 4 AR W o SR R
it EHD2, miR-let-7¢ fil FOXD2-AS15 LSCC %
A R ) SR TR
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40 LSCC 3 B 2 AUbRAS , 53 B L E X ) 9
5 1 H W BUbR AAE X IR . T A R 12 K
i, bR Mk 2 45 5% % (tumor node metastasis,
TNM) 43 3 2 B8 By $1 9 BC 93 A0 58 [ i 0E Bk 5
Z2 v o R ) A 5 8 WL Sk ST IR A I AR v . 4
ABfE: Q&G KA IRH2 R LSCC; QAR ARIT
RI7 . BOTEE BT S, O E RRERS
i, OFRBESS5AMRITEE CERES).
HEBR bR . OBEFEA LSCC sk H Al ibyg s 2, OBE
HETFARLHARGE K OFFRE™HEC . i
B PN DA IE B MR e B VIR bn i s O RTIAT
HEEVRIT . R NI U R AT S . A
AR LSCC &, k1361, 512741,
WY 42~82% , PN (60.318.4) ¥, 1%
HEs B2 0] o AR i 2l (sl oAk, 32 4))
g A (R, 841), 4% I TNM I K
Jr1 8 TNMBRSHAL (T-1038, 1340) et
A (M-I, 2761), % B2 BB L% 0 b %
B (214) MIEHBH (196]) . AHRTRE
TR 5 — BE Be PR “# e #2501 o ik, R P it
51 2022416,

1.2 £ZXMNFPMNE B GR%AHLf
UltraSensitive™ i % R bt £ W) & & B -1 F ALY
¥ 45 ¥ (streptavidin-perosidase, SP) ik 7 & .
3, 3 & A OB R M (3, 3'-diaminobenzidine,
DAB) & 450 il EHD2 T {4 W T b 57 1 58 8% 4= )
FARABRA R, TRIzol i 7] Mg F 3 & F& B € i /R
B A #l, All-in-One™ f# /N RNA  (micro RNA,
miRNA)  #l 2 mf 2% )6 & & PCR
fluorescence quantitative PCR, RT-qPCR) & % &
A UE 51 %) HsnRNA U6 primer W F )7 M &2 fE %
ABRAF, MonAmp™ ChemoHS qPCR Mix i
R W T YR A RAE, 51 s RE
PERAEDFHEA R A A G . RT-qPCRAXIE T 5
TR,

1.3 S EALRALFEKNLSCC AL F EHD2
FamlrRx R RSP UL Y @R HRAE
e AT VKR U0 N — 80°Cuk A rh L, 8 T —20°C
VKA, KH & F4CUKH 1 he R 7% & B
W E 1 h, BEIREHZ b (phosphate buffered
saline, PBS) ¥E¥% 3K, K 5 min, & H MK
(protease K, PK) (20 mg:L™") 41k 10~15 min,
PBS 8 M BE %5 . SP a7 & BH T 30 min, & 4]

(real-time

30 min, —#Hi37 CHEE 1 hak 4 Cab . Wm —4i,
DAB W8, JRARFEEY, WK, &, (k) W
et A, BE R ER LSCC A2k EHD2 k16 i .
M2 2 R AR R HWE % . EHD2 &
P17 24 5 5 200 5 b 2 R 18 G AT ) B0 BB £
i EHD2 85 F R PE 5L o Bk 4 23000 Fr Bl LW %%
104> f5 AL B (<400) , R HT S 8 S % 43 i 47
EERIT, SRR D 13 AT o3 bR
EHD & F B Rk, EHD & F B R ik R =
FH 1 40 Bt %50/ 40 Mo A2 %0 < 100 %, EHD & 1 B %
KRN AANEG, MY SR N A SF
Tk U R BHPE R Gk 3 5 e (8 0 B 15 3 e 0~1 43
JEAMEFR IR, =20 BRI
1.4 RT-qPCR#%#a LSCC4 % ¥ EHD2 mRNA
miR-let-7¢ ## FOXD2-AS1 & ik K F TRIlzol 2
RAHLBRA P E RNA, R [RLC-96 RT-qPCR
AT P8 , miRNA qPCR #£ & All-in-One™
cDNA 55 —#f & B R & 20170 4% 5%, R A All-in-
One™ miRNA qPCR A & #1791, LLUGHER
WS, P HIAZR . qPCRMix 10 ul., cDNA 2 ul,
miRNA-let-7c 514 ( Li#E51 4 : 5- TGAGGTAG
TAGGTTGTATGGTT-3', FirsI#xHidH &
ol G ) 2 pl, WG PCRSIY)2 pl,
TR 4 pL, ¥R 95 °C #4EE 10 min,
95°C., 20s, 60°C ., 30s, 72°C, 10s, 3354 1F
. FOXD2-AS1 Ml EHD2 % J] MonAmp™
ChemoHS qPCR Mix il &, RIAZR: qPCR Mix
10 pL, b F#5IY (10 pmol-L ") 0.4 pL,
cDNA KR 2 plL, TR EE K 7.2 pL, 320 pl,
JRE AT BAEPE 95 °C . 10 min, B IR A 95 C
15s, 55 °CiB A 20s, 72 ‘CIEM 10 s, 240 D1F
o RA 2 SNEMATE IR, DOH I -3-mE R
Ri &l 0% (glyceraldehyde-3-phosphate dehydrogenase,
GAPDH) & W Z, £ Ml FOXD2-AS1 #il EHD2
mRNA £ KKV 51975 . GAPDH L ilE5] %)
GGTCGGAGTCAACGGATTTG, GAPDH Fiisl
¥ GGAAGATGGTGATG GGATTTC; FOXD2-
AS1 i 31 ¥ TGGACCTAGCAGCTCCA,
FOXD2-AS1 F 7 51 % AGTTGAAGGTGCACA
CTG; EHD2 L5 % TTTGCGAAGATTCAG
CTGGAACAT, EHD2 F ii# 51 % GGCTTCAG
CGAGTGAAACTTGGT,
1.5 %% 454 KA GrahPad Prism5. 0 4t i1 4k
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PEREAT AT B R R 1 . e H 28Uk 25
g wEOR, AR HECR ] YR . LSCC A4
1 EHD2 mRNA | miR-let-7c fil FOXD2-AS1 % ik
KRB TR, RS RS, dE) R
Mann Whitney 245 . LSCC 241 EHD2 mRNA |
miR-let-7¢ fll FOXD2-AS1 ik 7K 3 5 #H 3¢ ¥ 2 Mr
K H] Spearman A G PERG 5 . DL P<<0.05 K 22 %A
GiitEE X

2 8 B

2.1 LSCCALR+¥EHD2% & etk ik £ EHD2
mRNA A& KFREHD2E Mk iii s &%
EARBRELAZHXFEZ REHALSESTE R D
A LSCC A EHD2 2 LR R A £k,

TR EW AL D EHD2 B A 2 kik, WK1,
It 55 1E W 4140 EHD2 8 ([ FHPE R AR (67.5%,
27/40) BB & T LSCCH L (30%, 12/40), 4
H A Z S A g% E X (Y=10.1, P<<0.01),
W% 1. RT-qPCR &5 R IR 5% IE % 4 4
EHD2 mRNA & ik /K °F & T LSCC 41 41 (P<
0.05), W2, TNM W H4H & EH EHD2 & A H
PERILFE R 540, W& T TNM B4 (19%)
(P<<0.05), FHWIEHD2F£EE TNM 434 W &
JRHE, B TNM sy ik, EHD2 & 1 M &
KR EEAL . EHD2 & (1 FHE R A 5 0 H 2k
SR A JC ik 5 R 0 W B G EE (P>0.05)
W2,

A:LSCC tissue ; B:Adjacent normal tissue.
Bl SREHELFEERN LSCCHRMESEIERHLA H EHD2EHRBE R (X400)

Expressions of EHD2 protein in LSCC tissue and adjacent normal tissue detected by immunohistochemistry

Fig. 1
method(<400)

#®1 LSCCAVEFIER AL F END2EHHERER
Tab.1 Positive expression rates of EHD2 protein in LSCC
[n=40, n(y/%)]

tissue and adjacent normal tissue

Group EHD2(+) EHD2(—) x P
LSCC tissue 12(30.0)  28(70.0)

10.1  <<0.01
Adjacent normal tissue 27(67.5) 13(32.5)

2.2 LSCC#% ¥ FOXD2-AS1#= miR-let-7c & i&

RE SEFEFRMALILE, LSCCHL T FOXD2-

ASTEIKAKFWH B E (P<0.05), miR-let-7c %

IRIK I B A (P<<0.05), WIE 34,

2.3 LSCC 4 % % FOXD2-AS1 5 miR-let-7c.

EHD2 mRNA 5 miRNA-let-7c & iX K F ¢ 48 % 1
AHEE 0BT s . LSCC 441 FOXD2-AS1 5

0.15
<
é %
g
Q [}
a
= 0.10 F
m
G
°© n
]
>
]
= 0.05f
] ii
5 °
= .. l.
>
& Sevige e L
0 [} i

LSCC tissue Adjacent normal tissue
"P<20.05.

B2 RT-qPCR AR LSCC 4 435 IE ¥ A4

#1 EHD2 mRNA kK

Fig. 2 Expression levels of EHD2 mRNA in LSCC

tissue and adjacent normal tissue detected by RT-qPCR

method
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%2 ARAKHRRESHELSCCEE LSCCHALF EHD2EH
KIKHO

Tab. 2 Expressions of EHD2 protein in LSCC tissue of
LSCC patients with different clinical pathological parameters
on pathological

Number of Positive
Clinicopathological .
- n EHDZ2 expression rate P
parameter S
Positive Negative (/%)

Pathological grade

Low grade 32 10 22 31
0.7301
High grade 8 2 6 25
TNM stage
-1 13 7 6 54
0.0323
- 27 5 22 19
Lymph node
metastasis
Yes 21 5 16 24
0.494 5
No 19 7 12 37
~ 0.000 8 *
2
N ®
£ 00006 |
2
< [ ]
= 0.0004 FR——
5
=2 —_— |
g -3
£ 0.0002 | 3 u
3 L ]
2 s ke

LSCC tissue Adjacent normal tissue

"P<<0.05.
B3 LSCCHRAMBIFIERHLH FOXD2-AS1]RE
K
Fig. 3 Expression levels of FOXD2-AS1 in LSCC

tissue and adjacent normal tissue

miR-let-7c FEKFEHRMLKLR (r=—0.67,
P<<0.05), #&7/ FOXD2-AS1 ] i [i] 845 miR-let-7c
ik, W5, miR-let-7¢ 5 EHD2 mRNA Fik/KF- 2
FAEF R (r=—0.83, P<<0.01), #&/RmiR-let-7¢
Al ) P 2 EHD2 mRNA &3k, WWE 6. FOXD2-
AS1. miR-let-7¢ #l EHD2 AH &5 AE I HLH WK 7.

2018 4F 4= Bk 2545 95 000 ] £ & 36 T Mk 9@ '
JUEIRIT FBOANWI E 25, LSCC B H I 5 4R L f7 %
RS, FARAELSCCH EEMET FB Y,
1B FR 8 RS A7 A6 5 18 SRR R T 3 18 38 % 1 KU

N

0.4

< ° ]

B

~ 03fF =

g

G

=]

% 0.2

=] [ ]

2

2

& M ) n n

m — Hm | |
0 XYV AL L L

LSCC tissue Adjacent normal tissue

"P<20.05 ws adjacent normal tissue.
B4 LSCCHLMNEFHIER HHH miR-let-7c F ik
KF
Fig. 4 Expression level of miR-let-7¢ in LSCC tissue

and adjacent normal tissue
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1

®
m; 4F
° <
T A
E%S- 'y b
S .. [
2« 2F
A
g * e .
Q
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Expression level of miR-let-7¢
E5 LSCCHAZH FOXD2-AS1Y miR-let-7c Fik7K
- B AR SRk 23

Fig. 5 Correlation analysis on expression levels of

FOXD2-AS1 and miR-let-7¢ in LSCC tissue

0.000 6 p
2]
= )
3 °
&
£ 0.0004
“
=]
)
ks
E 0.000 2 |
s
= ° °
M 0 ® 18 1
0 0.01 0.02 0.03

Expressionlevelof EHD2 mRNA
F6 LSCCHLH miR-let-7c 5 EHD2 mRNA FikKk
AR AT

Fig. 6 Correlation analysis on expression levels of

miR-let-7¢ and EHD2 mRNA in LSCC tissue
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Occurrence and development?
of LSCC

B 7 FOXD2-AS1.miR-let-7c # EHD2 f& F#L &I E
Fig. 7 Mechanism dragram of FOXD2-AS1, miR-let-7c,
and EHD2

FE 53 F HLH AN T HR IR 7 SR

AWFFEEE R B R LSCC A4 EHD2 i 1 %
TROR I WAL, SRR AR RGE A i 4141
EHD2 fH MR 5 W] W FEAL— 3, 428 EHD2 7] fig
JE LSCC W 7E my M s JE I . AR BF 5045 R BoR .
EHD2 7 LSCC 41 LR35, 55 EH A8
hiREm &L EHD2RA S TNM 70 BIAF7E W] 2 ¢
W, WEZE /r W R, EHD2 MR REMRK, 5
EBRFE Y B RSR -, BWESE Y KW,
EHD2 &35 7K - 1] B8 55 38 /)N 41 A i 9 1) 0% 2 72 2
5%, EHD2 @ # 1K i 35 /N 4i i il 95 5 3 905 B .
SR NN . EHD2 FHE 3 38 2 15 1 g m Y
s B 2J O3] R A O 5 T B 5 O A B DD ORISR 5
SR EHD2 28 [ PHE 338 3 5 0k 2 45 7 B8 Jom
HRIE 0 TC I B OCHE, LT B — A R R AR
s EHD2 235 /K -5 LSCC Iifi JR g 2 80 =22 Ja] 1) %6
%o EHD2IETE Z Fl Mg ke rp B AEHT, 4 iy
U WO R L Stk Y R e A, R
EHD2 A G 7] LIAE N P 445 LSCC 72 N 1Y 2 B fib
TS & WA PR Z — .

miRNA J& — 2 K B o0 18~25 /% 11 IR 1) B 4%
RNA "W A 5 8 F mRNA 45 & 8 &% 3 W 5 2
mRNA ) B3 Bk s R R ik . LA Y E
2. £ miRNA 76 MR g 4 U 5 22 5k, HfE
#r miRNA A BB 2 5 K 4 . ARS8 R BoR
9% 5% 1E % 2H 40 b miR-let-7c £ K W B & T
LSCCHAZ, Hulfg B HEMIBEEH. WU ™ &
. circCOROI1C i i 38 4+ 1 45 & miR-let-7c, P&
fIC W B 48 B i s % S B 3 KAk K, R i
LSCC &4 . #F58 "7 B/R . miR-let-7c 7F £ Fh i

WA RBEKFREAM, ATREEEMIEMENE, W
miR-let-7c $% [] (5 1F # 28 45 11 300 1 155 Jbt 98 20 A 1= 2%
LR, B0 1o o T 152 T A M B . AT RS
MR 785, miR-let-7c A 2AE K I I L W br B9 o

IncRNA 4347 F 4 L 42 Fn 4 il i, e 56 5% . %%
RIEMBEWSHFEZDKPREENERIE,
FOXD2-AS1 & — 5% W IncRNA, i T o ik
1p33 L, & 2521 MBI, SR & A FLEA
FREY L R R BN LSCC 41 4
FOXD2-AS1 REAKF-M & FREZIEFHL, 5
MRl s g R — ., LIS &
FOXD2-AS1 £ T LSCC A, nl LI R
B B 55 5 7RG S s I 3 5%
G M, R A R T A R R A S O G A T TS
25, BF9E % Bon: FOXD2-ASI7E H i . Bk
JiRdEE . BB A B T B e R R Is, 2 e
J L, R W R R O B . FOXD2-AS1 7 U %
LSCC 75 N /Y 2 oW P i vhm] g 2 s 25, A
BE A R B A i R b R ) R YT R A

AW 5T 45 B B R . EHD2 fil miR-let-7¢ £
LSCCALIP A B ALK R, R4 miR-let-7c
fELSCCAZUh sz IEw ALh i RiEBHRYE
EHD2 A8 [l , {H 45 7T GE 38 & 7 ) 97 4% EHD2 4 il
LSCCIIKERE; B, FOXD2-AS15 miR-let-7c
SRR, BF R B R miRNA 2
IncRNA K EEH B EE AT, IneRNA SE P45
H #5 miRNA, DA FE AR I b T i 5 B A9 5 s
il AR SR HEM FOXD2-AS1 Al RE 35 4+ P 45 &
miR-let-7c, MIMXF LSCC B & 4 & =520 .

zi FFrik, EHD2, miR-let-7c Al FOXD2-AS1
FE LSCC 4 21 55 1E % L 8Uh i Rk fr e 22 5
P, H FOXD2-AS1 % ik 5 miR-let-7c 3 ik 5 7 4
XX %, EHD2 %155 miR-let-7c 35 5 i M 5656
%, 478 EHD2/miR-let-7c/FOXD2-AS1 {5 5 4l n]
fEZ 51 LSCC R R4, AR EAK7E 5 22390 56
gk — 25 TR AR 5T H BRI AL .

PR R

AT A A WA 7 R 2 o 2

EE B A

HRMSHIRBT . SRR KO RS S
5, WES 5 R EERRE S R, 5SS R
PERB R, TIEES 50U B b fe SCH R
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