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JE M 14 A1 3 HOEC A HOK B934 %#, b 160 pg/mL PHP W] {f HOEC 1 HOK [ 20 Bt 434 5 2 43 5] Lo %ok B 4 42 5
(32.053.82) % Al (74.23£17.26) % (3 P<<0.01) . PHP 7£ 40~ 160 pg/mL i Bl P A] 5544 LPS X 20 Jifd 384 5 ()41
ill, e 160 ug/mL PHP 7] {ff HOEC il HOK [ 4 M4 # >R 5351l b LPS 41425 (53.14+9.18) % il (76.45+8.16) %

(¥ P<0.01) ; 40~160 pg/mL PHP AJ e B i FAR HOK 21 it PN 45 19 mRNA k7K, HiAF 160 pg/mL
PHP 41 fit % [+ IL-6. IL-1p Fl TNF-o () mRNA 3 ik & 53 5 9 LPS 41 (1) (46.48+£4.42) %. (80.01£2.68) % Fll
(31.40+3.78) % (¥ P<<0.01) . ZHMIRIIESZE B8, 160 ng/mL PHP A 4 % HOEC Fll HOK HYiTH#, 4iffliTFs
FAHIH LPS 40 (1.84+0.17) 5 (P<<0.05) H1 (2.3440.10) fi5 (P<<0.01) . £+ PHP BEMSAEHE L 40 i 1)
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Carp protamine hydrolytic peptide promotes oral cell proliferation and inhibits inflammation
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[ Abstract | Objective To investigate whether protamine hydrolytic peptide (PHP) from carp has a positive
effect for treatment of oral ulcers. Methods The cell counting kit-8 assay was used to determine the effects of PHP at
different concentrations (20, 40, 80, 160 pg/mL) on the proliferation of human oral epithelial cells (HOEC) and human oral
keratinocytes (HOK). Lipopolysaccharide (LPS) was used to induce inflammation, and the anti-inflammatory effects were
evaluated by cell proliferation rates and the mRNA expression levels of inflammatory factors interleukin (/L)-6, IL-1f, and
tumor necrosis factor a (I’NF-a). A cell scratch assay was performed to simulate the effect of PHP on oral ulcer healing.
Results PHP promoted the proliferation of HOEC and HOK in a concentration-dependent manner within the range of 20-
160 pg/mL. Compared with the control group, 160 pg/mL PHP increased the cell proliferation rates of HOEC and HOK by
(32.05+3.82)% and (74.23 +17.26)%, respectively (both P<<0.01). Moreover, compared with the LPS group, PHP reversed
the LPS-induced inhibition of cell proliferation, with increases being (53.14+9.18)% and (76.45+8.16)% in HOEC and
HOK, respectively (both P<<0.01). PHP at 40-160 pg/mL concentration-dependently reduced the mRNA expression levels
of inflammatory factors in HOK; in the 160 pg/mL PHP group, the mRNA expression levels of pro-inflammatory factors
IL-6, IL-1f, and TNF-o in HOK were only (46.48 +4.42)%, (80.01 £2.68)%, and (31.40+3.78)% of those in the LPS group,
respectively (all P<<0.01). The cell scratch assay showed that 160 pg/mL PHP could effectively enhance the cell migration
rates of HOEC and HOK, which were (1.84 £0.17)-fold (P<<0.05) and (2.3440.10)-fold (P<<0.01) that of the LPS group,

[(YFsEEI] 2023-11-11 [(#ZHHM] 2024-10-30
H’E%‘ﬁ ] BRI, HEBE EEI . E-mail: kqztbin@163.com
iB1E1E# ( Corresponding author ). E-mail: pl20231110@163.com



* 1200 -

WELE R 2026459 H 5547 3%

respectively. Conclusion PHP can promote the proliferation and migration of oral cells, and exhibits significant anti-

inflammatory activity, indicating its potential to accelerate oral ulcer healing.

[ Key words ] protamine hydrolytic peptide; oral ulcer; cell proliferation; anti-inflammatory activity; wound healing
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T RARGE, MR AR 1 K R B
APUEATETE, ATAROERR ABTS FHE T H 5
BAEYET . —SOR A P
AELH) ) K AR SRR AT 10 ) 1 A 55 I 3R e B A7 v
I P, G P e e R IR 21 1) 2 B )
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HORS EE 12— DA A O 51 P S B 3 A4 2 5,
i k5 & H /K f# K ( protamine hydrolytic peptide,
PHP ) W2 D\ ARG 25 1 P 3 ol e sl LA fn T 050
AT IR > 7 MR H S IR BT 25 W)
(IR ) e E R hAeqInyisemiEm, &
FATFARSMEIFRORET-AR ™ ST oKk BA R
TG0 MO 58 55 AR s P, PHP RTREXT H it 2
AWTERIBYTE, (HEFDCT PHP W TAYTH
Itz HIBIF S v R WA IE

N F K240 (human oral epithelial cell, HOEC )
AN TS A B IE A 40 MY (human oral keratinocyte,
HOK ) /2 RIS 3 2B, e 1 b
AOREAS YRR AE A A SCR " . HOEC 1
h P E R SR — B B 2R, T LAGRY T R IR 52
SRR PR (2 . HOK 205 111
AP BN L BRI, 4 HOK
PSR AT AR AR K L A AR
¥ TGF-B A5 A K 7 MIVF Z M 1, JX s

TR O A EREE " %4 HOEC F1 HOK
YERRSMNMIRTRY, A B F 5 vEf H 5T PHP X H
Jis 15t 97 VR AR . AR WF5E L HOEC F HOK A
WFFExT4E, g% PHP FOPE 4IRS s . Bk M Ae4n i
QIR ATERE 1, WIALERST PHP 7EIGYT L 597 77 T
WOV 1, D e TR T SR LB L

1 MR %

1.1 &A5FE G RRE KR & LT ER
fif PR R A, IRCHORS S, (il FHATF S ALK
HAFEHENE, SRIGFREL 10 g Brétd 4y, FH 50 mL
PBS (pH 7.4) 2. HI A B AR vk L
MR 30 min, M5 SR HIIE 600 W, #1765,
K 9 s, P 4 5L AE 80 MPa [k J T M
3IAERR, fJGIE4 CF 14 530X g &0 10 min,
WAE IR T, 1S BRI 1 (protamine
crude protein, PCP) ,

i E AR (10%, 37 °C, pH2.0) . Btk
EME(10%, 50 °C, pH 9.0 ) FIAJRE (i (10%,
55 °C, pH 6.5) 43 %%t PCP i fit 2 h LA 3K45 3 Fh
AR 7K A Ko A 45 RS 7E 90 “C oK ¥ i K il
15min, WHEERG, 7£4 CTF 14 530Xg &
L 10 min, WAE FIEWOIT T 48 45 PHP, /7 T
—20 ‘CUKHI#H
1.2 PHP#y &4 1 5Gilid SDS-PAGE Xf PHP 43
TR T E, S EAEER 50 ng, KSR
44 120 V HL 3k 70 min, SR % SR YL R
FiRYLE 1 h, FHLAE KB 3 K,

SR P ST K AR IR PR K S B A T
B 1 mL AESRAME (1 mg/mL ) , f/KFFEZE 10 mL,
H1 0.1 mol/L #Y NaOH # i 4 15 pH % 8.2, SRJ5 N
A2 mL iR IR 2), ] 0.1 mol/L 1Y) NaOH ¥
O A2 2 pH M 9.2, it SR T T #E 1Y NaOH i i 14
B, DR B AR il o 25 LR R 4 A Xt
HOKEE: KEE (%) =C (V,—V,) X0.014/
NX100%, H, C 5 NaOH AR HE (mol/L) ,
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V, R KRG THAERY NaOH A TRAARL (mL) , Vo i
IKFEHTIHAER NaOH WAL (mL) , 0.014 A
M5 i, N AFESIRTH A S (g) .
1.3 #mpe3xFc HOEC W H Wiyl & 2R 4 Lk
HABR ], HOK FI/)NEERAZ E IR AL RAW 264.7
W AHHE () BV AR R RAIRA R, iR
FEH M 10% FBS f DMEM, 4iff0ji s T 37 C .
5% CO, HIR B IR h 15 7%, Manim &
JE 15 80%~90% It 1 0.25% ity g fiff 114 14 W 378 47 714
feIE 1B
1.4 4 g ¥ 78 &l £ ¥ HOK Ml HOEC % 18
5000/ FLAY S5 R T 96 FLAR, 5555 24 h R 40
WBEFS, FEPilHIEFREITH PBSTHUE 2 I, A
A AR EE PCP FI PHP (WREEBREE R 0. 20, 40,
80. 160 ug/mL ) HYIEFREE, WFE 24 h, SRI5F4IH
i3k, HPBS{H¥E 2 K, JilA 100 uL DMEM £l
10 pL CCK-8, FEREFATIEE 1 h, HJa7F 450 nm
WA A % (D) (B AR 40y 5E
e MHIEFER( % ) =(Dayen —Dasspin ) [ Dyyyn,—
Doy ) X100%. [FIZASHI RAW 264.7 A AEIEHER
1.5 #kFmE  F HOK Fl HOEC ##1# 5 000/ L
()% FBE AP T 96 FLMR. K597 24 h 7 40 i BE )
FRPAIHEE SR PBS V& VE 2 WK, H& RS- 53 3l
AAHRE B35 3R LA, BIXT R (0B aRdt ) |
g Z 4 (lipopolysaccharide, LPS) 4 (7% 10 pg/mL
LPS HYZAAIEEFRAE ) FNsesigd (75 10 pg/mL LPS
40, 80. 160 pg/mL PCP 5 PHP RY4IIEE 3L ) |
7 24 he SRIGFRIHEE R, F PBS VUL 2 1K,
JA 100 uL DMEM #I 10 pL CCK-8 iX#, 7EiE3%
PR 1 h, RS TE 450 nm P KAMNE DAE, it
=R TR Y
1.6 K& BT mRNA AR R R EE 25 40 B0
RAW 264.7 F1HOK 24 h J&, WA, % 8 50
45, i RNA fast 200 54 RNA B fidti e ( -
1 AR ARARA A ) 45U RNA, A5 H
StarScript Il All-in-one RT Mix with gDNA Remover
(At B WOl AE R A BR A ] ) #4754
DNA 2 [ Fll [ 5% 5% 5 B cDNA, % 1 2 X RealStar
Fast SYBR qPCR Mix i3l & (b5t e ol A=
BHEA AR UhB B AT AR, 285 T H ABI
QuantStudio 6 Flex ( 24 ABI /AW ) #4T qPCR.
M6 5 % F: 95°C30s; 95°C 55, 60°C
30s, 40 MEH; 95 °C 155, 60 ‘C 1 min, 95 C

15 s, B- L 3 ¥& H ( Homo sapiens ) 1F [n] 5| ¥
4 5“TTAGTTGCGTTACACCCTTTCTTG-3', JZ I
51%4 5-“TGCTGTCACCTTCACCGTTCC-3"; IL-6
( Homo sapiens ) 1E1015 |91/ 5'-TGGGGCTGCTCC-
TGGTGTTG-3', K[ 5|%¥°H 5-GAGGTGAGTGG-
CTGTCTGTG-3'; IL-18 ( Homo sapiens ) 1E[w]5|4)
5 5-ACCACCACTACAGCAAGGGGC-3', JZ | 5]
Y K 5“TGGGCAGGGAACCAGCATCT-3'; TNF-a
( Homo sapiens ) 1F [8] 5| %)} 5'-CCCGAGTGAC-
AAGCCTGTAG-3', [151¥1°4 5-GATGGTGTGG-
GTGAGGAGCA-3'; B-lzh&H (mouse ) 1E[[] 5]
M 5-CTGTCCCTGTATGCCTCTG-3', I 5|%¥)
4 5-ATGTCACGCACGATTTCC-3"; IL-18( mouse )
E 5519 H 5-GGCTGGACTGTTTCTAATGC-3,
K518~ 5-ATGGTTTCTTGTGACCCTGA-3';
TNF-a.( mouse ) 1E[A]5]|¥)°h 5-AGTCCGGGCAGG-
TCTACTTT-3', K [W5]4¥)k 5-"TCACTGTCCCAGC-
ATCTTGT-3', i 2“9k KL A XS Fe ki,
1.7 xR %% HREHEE 6 LRTEHY
ik 5 AL, SR )E UG T EUE K T HOEC A
HOK, #% & 60 000/ fL %5 FE Rl T 6 FLIG F 4.
24 h )&, F 200 pL A6 sk 36 BT 15 5 iR 28 KR .
FH PBS whyE4i A 3 vk, DABRZSEIRAOAIME, A
ANTR)V BE PHP () K5 32 55 40 0l 7€ 0 hofl 24 h i
B8 B IR, BfLAn4E 3 sk, fdi 1] Image)
1.8.0 A A RPR E AR SAME ., TR (%) =
(97 3 K] 9 T AR — ¢ 5 220 R 1T AR ) /490 4 Sl IR i
FH X 100%.
1.8 %5 & ® (i Prism 9.0 #4947 8048 40
Mro BB BRI x5 FR, iR HBCR R
T7 2253 W sk S FEAS e i 50 . RSk HEC @) 24 0.05,

2 # R

2.1 PHP# % 4= &1 0] WL, K#4 PCP Y2
FHEAE 12 000~95 000 Z [8] (1~3 kil ) ; &id
HABHA LS KRR I 5 TR, FTLUER
R R K RO R i, 48 R B A+
<17 000 (10~12 ykif ) o H I a2 16 I /K
fif PSS R, B B B A B O K R o)
WIh (36.46+2.18) % A1 (39.38+1.43) %, 1A
JEE AR K R s (47.8314.59) %, 5 HE
FIE 22 A Seit2# L (P<0.05) . IEAh,

5 B R PG AR A L, ATVER 1 A AR
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Fig1 Effect of different proteases on
hydrolysis of carp protamine
Carp protamine was enzymatically hydrolyzed using pepsin,
alkaline protease, and papain. The molecular sizes of the
hydrolysates were analyzed by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis. M: Protein marker (Genesand,
China), with a molecular weight range of 10 000-180 000;
Lanes 1-3: Unhydrolyzed carp protamine; Lanes 4-6: Carp
protamine hydrolyzed by pepsin; Lanes 7-9: Carp protamine
hydrolyzed by alkaline protease; Lanes 10-12: Carp protamine

hydrolyzed by papain.
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2.2 PHP %y HOEC #= HOK 3% 74 ¢4 % v 1 K] 2
Al UL, PCP 1l PHP #f fig % #F 20~160 pg/mL i [F
PR A R A4 M M A1 3F HOEC 1 HOK 3451, Hirh,
x4, (0 pg/mL ) ALk, 160 pg/mL PCP il PHP
XT HOK (1) 2 i 384 78 2 42 T+ 3K (59.2418.71) % Fil
(7423+17.26) % (& 2A) , X} HOEC ) 2 Jity 1%
BRIk (34701547 ) % Fl (32.05+3.82) %
(K 2B) o fHAGEERZE, X T HOK, 7E 20,
40 pg/mL B, PHP ) 24 SR 40 il Lk PCP 48 & T
(25.64+11.87) %. (26.41£4.95) % (¥ P<0.01),
BERH/ N oK SRR HOK. 3478 (i A F B 8
23 PHP xF#mpedi XL e %em K 3 Fiw,
5 % B 4H AH e, LPS (10 pg/mL) A] fiff HOK #I
HOEC 1) 4ff it 34 % 2% W] W T B (3 P<<0.05) ,
Ui B LPS 2 5 S04 i & A5 2 5E DA T 410 i 48 e 34
Biti, 40~160 pg/mL [ PCP 1 PHP ¥4 #] ¥k JF K
P b 39 % LPS % HOK 1 HOEC 3 5iff 1) 411 il %5
B, 5 LPSY A, 160 pg/mL PCP A] fif HOK ¥
20 ff B g R 2 S (64.254+3.58) % (P<<0.01,
Kl 3A) , i 160 pg/mL PHP AJ {fi HOK (1) 41 Jits 1%
B R (76.45+8.16) % (P<<0.01, K 3B) ;
[ #£, 160 ng/mL & PCP 1] {ff HOEC # 40 Jity 84 %
P R (29.19£3.55) % (P<0.01, K 3C),
i 160 pg/mL PHP AJ {fi HOEC f 41 g 3% 5 K 42 7
(53.144+9.18) % (P<<0.01, K 3D) .

CIPCP
1501 mppp
© T T
S -
E -
<
£ 100}
8
s
8
g
g 50+
o)
QO
0 B
0 20 40 80 160

Concentration/(ug * mL ™)

2 @BEGEEAREKEREHR HOK (A) 1 HOEC (B) 3
Fig2 Carp protamine and its hydrolytic peptides enhance the proliferation of HOK (A) and HOEC (B)

n=3, x+s. "P<<0.01. HOK: Human oral keratinocyte; HOEC: Human oral epithelial cell; PCP: Protamine crude protein; PHP:

Protamine hydrolytic peptide.

} 77 i Fe 5 HOK A1 HOEC BT 28 SR 25 7,
W& 3A FE 3B B A R El 3E, KRl 3C FillEl 3D %
4 M E 3F, A] W7E HOK 7 PHP 3k & ol 40, 80,
160 pg/mL B 47T & 2R AL T PCP (34 P<<0.05, [
3E) , 7 HOEC ' 160 pg/mL {J PHP Hi BRI T

PCP (P<<0.01, K 3F) . LiRZ5HR LI, PCP F
PHP ] A3 & 4% &5 HOK 1 HEOC M4t & ik 11, It H.
53 ¥ 5 B/ PHP SR ZCR [ PCP B &,

2.4 PHP*f HOK X 7z Bl ¥ mRNA Ak 69 & 5
Xof R ZH A 1, LPS (10 pg/mL ) W] {8 HOK () 48 4 Al
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T IL-6, IL-1B F1l TNF-« mRNA %3 5 Ft & (62.00+
16.10) %. (37.841£295) % Fl1( 18723+44.07 ) % ()
P<001) , ULBHLPS T T M R 4E, 1M PHP Af

KK, Ho 160 pg/mL

PHP £ IL-6. IL-18 Fil TNF-o

mRNA kK510 LPS 21 (4648+4.42) %,
(80.01+2.68) % F1(31.40+3.78) % (#]P<<0.01),

e FE AT HD RIS HOK 4RI PN J8RE A 189 mRNA % 1] PHP BUARCR 2. WK 4,
*% *% ®*% *%
2007 200 200 2007 —
% sk § ks % ko % *k
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PCP/(ng+mL ™)  —— —— 40— 80— 160—  PCP(pgemL )  —— —— 40— 80—  160—
E3 tEeeEEEEREK#ERKTIRSE HOK Il HOEC 3 LPS B#kn S

Fig3 Carp protamine and its hydrolytic peptide enhance the resistance of HOK and HOEC to LPS

A, B: Effects of PCP (A) and PHP (B) on the proliferation of LPS-stimulated HOK; C, D: Effects of PCP (C) and PHP (D) on the proliferation of

LPS-stimulated HOEC; E: Comparison of cytoprotective effects between PCP and PHP in LPS-treated HOK; F: Comparison of cytoprotective
effects between PCP and PHP in LPS-treated HOEC. n=3, x+s. "P<<0.05, "P<<0.01. HOK: Human oral keratinocyte; HOEC: Human oral

epithelial cell; LPS: Lipopolysaccharide; PCP: Protamine crude protein; PHP: Protamine hydrolytic peptide.
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Fig4 PHP reduces the mRNA expression levels of inflammatory factors in HOK

n=3, Xx+s. "P<0.01. PHP: Protamine hydrolytic peptide; HOK: Human oral keratinocyte; LPS: Lipopolysaccharide; IL-6:

Interleukin 6; IL-1f: Interleukin 1B; TNF-a: Tumor necrosis factor a.
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2.5 PHP *F RAW 264.7 4B fit3% 74 & % J& B -F mRNA
Rikeg#em  SXHR4 (0 pg/mL) AL, PHP 7
20~160 pg/mL i [F A HEME AL 1 RAW 264.7 41 a4
A, Horf 80 pg/mL CREAF, ARG TR 2 X REZH
PEE T (148.58+5.66) % (P<0.01, EI5A). ILAN,

N
1

**

LPS (10 ug/mL ) % 7 RAW 264.7 4il it P IL-15 Fl
TNF-o. mRNA FRiRHEIN, &AM A HE ; 1 PHP 7]
PLIiR LPS 75 1Y IL-18 Fl TNF-0o mRNA ZEik38 1,

il PHP HAPIRACE (5B, 5C) , 57E HOK
RIS R —2.

]

Q. 3
S S g ,,l —
§ 300 l**—| ‘s 3t n.a 2.0
g £ § st
2 200 7,0 2 L
5 ¢ 7
= 3 & o
2 100 o 5
& ﬂ B v OS-H ﬂ ﬂ
[9) = =
Ym0 w0 EO S © o & éo\%%%gc
0 Q
PHP/(ug * mLil) 0066 \<): \iz \sQ \3 0066 \SQX\SQX\gQX\)Q
&“2‘/ FE® AR
% % © Y &
SO SIS

5 PHP {2if RAW 264.7 4BHEE5E (A) FFRE(R LPS FSHREREF mRNA REKE (B, O
Fig5 PHP increases RAW 264.7 cell proliferation (A) and reduces the expression levels of inflammatory factors (B, C)

n=3,x+s. "P<<0.01. PHP: Protamine hydrolytic peptide; LPS: Lipopolysaccharide; IL-1B: Interleukin 1B; TNF-a: Tumor necrosis

factor o.

2.6 PHP {23t HOEC #= HOK i # 4 il %5 256
5 ER, X HOEC, X HRZHEEFE 24 h 20T
FFAl3k (25.70+£3.53) %, 1 LPS 4H (10 pg/mL)
(AR LR R AN (16.56£1.76) %, PilH LPS f]
REE S 5 A AE I R A RS, e @G s 160
ug/mL PHP nJ % %% LPS X} HOEC i 4% 14 il VE F,
0 i AT #% R 3k F) (30.50+2.91) %, J& LPS 4H 1Y
(1.8440.17) f5 (P<0.05, El6A. 6B) .
XF T HOK, 2t Jf 3] 91 S5 9t v LAAS 3 28R
5, H5E 24 hm, SXTHRZHAHLE, LPS 44t
W] A2 B, 4IRS R (15.524£0.97) %,
0 Ky % BB ZH 1 (51.834+3.25) %, i 80 pg/mL Fi
160 pg/mL PHP 4b 3 1) HOK 114 41 it 3T 5% 28 3 51y
(30.55%£1.71) % Ml (36.26%+1.55) %, J&LPS4]
B9(1.97+0.11) f5M1(2.34+0.10 ) £5( ¥ P<0.01,
Kl 6C, 6D) . [iRZERULH, PHP n] %% LPS Xt
HOK 1 HOEC iF # iy il /£, mIBeA Bh T ik
HEBZ A -

3 3t g

7 e — Pl WA 1 S, T8 R

NEEIER TS, AR AR
R W2 1) A R RN & T e, (HXT
B H R AR R TR R HRTE AR
ST RN IRBT R 2 SR R 259, LB RES
R PR AR HE AL, H AT gt Sk B st U
B2 AHESE 4 R, 6148 PHP BE4E #F HOEC
FIHOK H4%H . I 9RE S i, JfRefe i AT F8

KA RS2 H R 15 0 38 e K s g T A
BNy IREE . S FAVLZIAR L, AP0k
RRZS5 A Z IR, B BB o BN o Ik E
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Fig6 PHP promotes HOEC and HOK migration

A 200 pL pipette tip was used to create scratches, and photographs were taken at 0 and 24 h to observe the impact of PHP on the

migration rates of HOEC and HOK. A: Representative photograph of HOEC migration; B: The cell migration rate based on healing

area of HOEC quantified using ImageJ software; C: Representative photograph of HOK migration; D: The cell migration rate based

on healing area of HOK quantified using ImagelJ software. n=3, x*s. "P<<0.05, “"P<0.01. PHP: Protamine hydrolytic peptide;

HOEC: Human oral epithelial cell; HOK: Human oral keratinocyte; LPS: Lipopolysaccharide.
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