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Effect of Casein Glycomacropeptide (CGMP) on COX-2, iNOS and GST-n Expression in HT-29 Cells

CAO Jiang-ming, CHEN Qing-sen*, YAN Ya-li, PANG Guang-chang
(Tianjin Key Laboratory of Food Biotechnology, College of Biotechnology and Food Science, Tianjin University of Commerce,
Tianjin 300134, China)

Abstract: Objective: The effect of casein glycomacropeptide (CGMP) on cell proliferation and on the expression of
cyclooxyenase-2 (COX-2), inducible nitrite oxide synthase (iNOS), and glutathione-S-transferase © (GST-n) in HT-29
cells was explored to provide a reliable basis for the use of CGMP as an ingredient in functional foods. Methods: HT-29
Cells were cultured with CGMP for 12, 24 and 48 h. The inhibition of HT-29 cells proliferation was measured by MTT
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay. The expression of COX-2, iNOS, and GST-m was
detected by reverse transcriptionpolymerase chain reaction (RT-PCR) after the HT-29 cells were treated for 24 h. Results: 1)
CGMP inhibited the proliferation of HT-29 cells in a time-dependent fashion, and the optimal concentration was 10™* mg/mL.
2) Low doses of CGMP (107, 10™and 10° mg/mL) significantly reduced the expression of three genes. Conclusion: To some
extent, CGMP can inhibit the proliferation of HT-29 cells in a time-dependent manner. The mechanism is associated with
decreasing the expression of COX-2, iNOS and GST-n by CGMP and further improving human colorectal cancer.
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fiin (glutathione-S-transferase &, GST-m) 545 B ¥ i)
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228", MGST-nRCRCH—FI £ 2t 253 K, 5P
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fig & UM EL K (caseinoglycomacropeptide, CGMP)
& HDelfour” 1 19654 K i (1) — Ff 15 75 Mk V0 R (1) A= 4
WK, B K - A0 R R A
T8 2 TA) P T B A B AN PR R B B (BREE) 1~ 105
) F12%H =& LR (trichloroacetic acid, TCA)
AIEPEI SR AK Z AR (BREERT106~1693 7 ) PR 78 H
WA Z RS HRZ HIRESE, WA “HEK”
T EH R T SRR B M R IR # R AR O s R A B E K
(CGMP) 7 . W5t RM, HEGEZ NEM G,
LA ) 280 B RS BE PR AN B AT R R AT 2 M AR
o RO A R R RS LAY K
S O I GRS AR UESE T E AR
TP (H R IE R AT L g e 4B ) R A S
PIIICOX-2. INOS. GST-m K F ik 50 AR 7E . AT
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1 MWE5HE

1.1 Mk

HT-294008  LHFIREDRFHERAA; MG
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TatuaA 7 ; Trizol  3EEInvitrogenA ;& FRF &
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12 sE5E%
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1.3.1  HT-2940k5 3% Kooy

NGB R AHT-29 T 10% G4 175 . HHF X
(100 U/mL) FBEZEZR (100 U/mL) FIDMEMK; 77 3
i, BT37 C. 5% COBEFRMN TR % . FREm x5
SIS AT 5258

CGMP I EC 4. 43 A R-FHEFIFRI10 mg
CGMP, 10 uLFIDMSOfiE, 4R J5 10 mLA5E k3%
FRIEAR, B AT R RS B L PR R

LIy IEHW WA (C) . CGMPHE A
(MI: 10°mg/mL. M2: 10° mg/mL. M3: 10" mg/mL.
M4: 10° mg/mL. M5: 10°mg/mL) .
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BI5HERT-96 FLAR, 100 uL/AL, R4 WG, #E
JREF IR, IINCGMPAE S ZH %100 pl, X HEZH A )
WA SE ARG R 38, 23 VAL AS 0 200 P (L in 4 R0 44 A ) 885
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FRi g% . WRIEMosmann" Y EME TS (methyl thiazolyl
tetrazolium, MTT) FEIFBSIE3), FIDMSO®ELE
SRR, B AHEE. E490 nmi KA e R
A, EEEEI W, %X (D HEARAEKIE R,

FE A
A K R/ %= (1 — ——m
X HEH A 100

) X100 (1)
1.33  RNA#ZHL

B S A K A, DAL X107 AN/mLIK 40 i 25 FE 45 2
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Fr24 h, HHALHE A B S 7 R IE IR NN CGMPEE
i ZH2 mL, SRR AR FAFR I e A Rk, BRRAE A
Ri9%24 he KM Trizol 244N IREBUERNA. 1% 58
JIE M 5 F2 R DK ARG WU RINA ) 2 ) 56 2 388 0 A 50 i A 250
KrMRNA AL HARE N (2 THEH R EIKRE.

RNAFREWRE/ (ng/ul) =4, X0.04XFBREE  (2)

1.3.4 Wi REREMEE RN (reverse transcription-
polymerase chain reaction, RT-PCR) yAf&lCOX-2.
iNOS. GST-mt mRNAZRIEK

K FH s 53 R B R e W e DNA . 7E50 pL i)
PCRR MR Z i FIE [ R I ) 51 409 38 H 2R . OB
f£%: 5 puL 10X PCR buffer. 36.75 uL DEPCALH /K
4 uL ANTPIR G IERIA5I1#% 1.5 uL 1 uL ¢cDNA X
0.25 uL TagH.

FHREK G Y. coX-2"" (187 bp) : IEH
5 #5 -TGAAACCCACTCCAAACACA-3', &
M 545 -GAGAAGGCTTCCCAGCTTTT-3";
iNOS"* (221 bp) : IEM 35 -ACAGGAG
GGGTT AAAGCTGC-3", Ia5
5"-TTGTCTCCAAGGGACCAGG-3'; GST-n'" (169 bp) :
IEM 5 %5 -CGGAGACCTCACCCTGTA-3", X
i1 5] %15 -CGCCTCATAGTTGGTGTAGA-3"; H
M -3-WE MR B B8 (glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) ' (185 bp) : IE[A 5]
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Y5 -GAGTCAACGGATTTGGTCGT-3", K IA 5%
5'-GACAAGCTTCCCGTTCTCAG-3'.

PCRYHFE/F: 94 CTAEYEL min, 94 ‘CAEM:30 s,
COX-2. GAPDH: 60 CiEB-k30s; iNOS: 65 CiEk
45s; GST-m: 58 ‘CiE:k20s, 72 CiEffi30s, 72 ‘C&1ik
ZEAHI5 min. HXS pL PCRY M=), £ 1.5%F NEbE g p
WK, 90 VIE ., ISFIEI70 min, %R R AL A AR 4y
T 2 LR GO R BEAE, DUAHRIFIGAPDHINRIE &N
W%, HHHEIFHECOX-2. iINOS. GST-m1 mRNA [JH%f
KiLE.
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Fig.1  Inhibition of different doses of CGMP on HT-29 cell proliferation
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Fig.2 Agarose gel electrophoresis of total RNA with different
doses of CGMP
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Fig.3  Electrophoresis and effect of different doses of CGMP on mRNA
expression levels of COX-2 (a), iNOS (b) and GST-x (c) in HT-29 cells
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AFEFEFICGMPYEH THT-29414824 hj5, COX-2.
iNOS. GST-m mRNARKIERIEKFWE3frw, HIEH
KA, &FEKRCCGMPYA K] LLFFEIKCOX-2.
iNOS. GST-n mRNAMFRIE, HIELEKETE.
HAPCGMPHIMAL X COX-2 mRNA [ 11 1 ¥ Jy & 2%
(P<<0.01) , CGMPIM2FIM3 L . 25 Hif#KiNOS
mRNAKIF L (P<0.01) , M2. M3FIM4KICGMP H]
S HI T T GST-t mRNAE X (P<<0.01) .

3 9 ®

CRCRE I PR WLV AL R, B R A, R
ATEZIRE R ERERIIMRK, FHMCRCEA Y&
RIREIR, AP, A2 Wi AYCRCI %k
R . T CRCIA A K e FE PRI 1 8 B o Al 25
TR, BRI S E PDNAF L. COX-2
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TR R WA BT EERUTFANE
74 ONER I TT i, B TAT 9 R E R E AR K,
Prelia T FIBCR A IR . B KR SCRCITK AR
IRy AR v $8 B a R IR 1) A 00 P ik 1 O A AT T2 1)

CGMP 2 —Fh B A 1% 2 £ 2 T RE 10 FL IR A= 3 vk
JR, e R ) A S P RS IR I LA TV 1 N
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B REAL AT BT, R I B F CGMPIR 4 55 (111 52k
HE AR B R B R, O B3 T 0 A R [ 22 T
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BT £ B AT BE AL ) 2 3 1 T 40 B IR X 4% 17 1 4% G
PERARE 22 B R AT T CGMP IR 78k £ 5
SEB ) 1) P T 98 RE R AR T S NS, AR R T
Xt 45 B I 50 .- Rhoades5 ™ HIESE T CGMPH] L3
TR J 350093 P K J kT 81 %o 45 L e HUT- 29 4T R R P 85 B i
T SR A 45 B e i R g« IR, AR SEE6 Fl CGMPAE
THT-2941 1, EidMEECOX-2. INOS K GST-nff) ikt
— R RECGMPIE 98 i P i IRV E AL .

W95 % FHHCGMPYE R T-HT-29401 /1, 383 MTTE: N &
YNGR AN 2R, 25 BLR BLCGMP AT 0 i) 40 i f 386 4
SRR, 107 mg/mLICGMPX 2 g 40 i R B¢
UF, SEMPLRIEEARE, EAEA K5 25t 45 %
Jei A R (R A ) 22520, I RS T AR N Th R

i ENE, RO Z e, BIER /. HarpLEH
J2 30 Ik R A 4T R AR R L AT s e R 4 A AR
ey 1 ol BEL L R 40 B G /S I ERE R MR T
BH AL PR 2 KT LS E SR T
SE 241 A 1 45 A A ) P ) 1

COX-2 &M A AMM —F AL, 1 COXAZ R 7 iR
# (prostaglandin, PG) % RS8R, fH1b 84 V1)
B2 (arachidonicacid, AA) T4z — Z 41 P IR 5 41 iR
7, JEHE S 5 YERRYLOR ISR A 2R D e AR AR
COX-2R ¥4 PG #ifil Rg M i T2 (i gk 4 3 A=
A1 3E Ji 98 1L 5 2 . INOS & AR T 45 5 1. 4514
F IR R BB 1T INOS, BRI A K EMNOH
FREEI IS AR, NOJ& —Ff 2 22 (1 A= )35 M9 i F {5
S, SHWA WY R fE BN
— RANVAEFIED), &5 PR R D R
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(T BEARG 2 (R A INOS F I [ T P38 1 490 1 440 At £y 38 5
Tasnaka5 ™ HfF 77 & BLE 1F BTN O ) 72 A 5 A0 1l iNOS Al
COX-2f1FRIE, AT R W4 i i (1 k4= . COX-2.
INOSIE 2 % 5 [F - NF-«B % [ F s sE R, HAH
FEEMNFE-«B T LU 5 COX-2 mRNA. iNOS mRNA
(¥4 S AN IR ARHE FE R BB CGMP (107,
10° mg/mL) 1T, RO BERAR # RIE K, R
4 8 T CGMPH] R IE i H1 NF-«B IS 58 2 1~
COX-2 mRNA. iNOS mRNARIFKIE.

GST-nJ& T GSTsH: K ik i1, S AR —F 114
RN, HARY . . SENEEEL AR
eI T8 2 25T 2L . GST-mnl fEALAL A 25 Bt
B ST s &, SInZmoKErE, B4 s 1
Hethkghs B Bt B 5 4 a & e AR 2P0
PR fE Z M E A A AR RIA IR, EAEl
M. Pr A R PR E R, I GST-nffK
SEADCRTE N R B A i A A bR &, T HLAR IR KT AR
At 2 Sz F R A T iR 24 . ARSI B R 40 B R GS T-me ) 7%
&, A DAIRZI T R PR 0 A A BER BRSSP GS - 42
1, BETTER IS A ML . 2= SR F 255 B 7E R B4 E
Fe A GST-nf R IA = T IE W 4 HE A . Moffat 21
NN AE 3 S5 RN 3% 5% 5 KT B 5 52 T GST-ri ) R IA,
[F] B 40 i o S PE I GS T-1 mRNA W& R R A [F e sg 7
GST-nkRIRIEHIKF. WHFERM, JunflfostH . sk
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FEITTHA Ko
4 4 ®

FLIECGMP A I HT-2945 iz Jee 4 A 38 58 1) 4

H AL R AER T COX-2. INOSHIZ 24l 24 3 R GST-xff)
mRNAFIFRIE, T BHHT-2945 iz i 41 A i 36 5 -5 % IR A%
FIRAEAEAR oM o R CGMPHII I 25 7 988 40 B 375 12 46 FH
WURIE A F T HE— DR A, AR 4 R ¥ HCCGMP
VENThREVE (R S IR LR 3%, [HFHB NCRCIE 97
BITIRMERI S5,

S k-

(1]

(2]
(31

[4]

(51
(6]

(71

[91

[10]

[11]

[15]

FERLAY J, SHIN H R, BRAY F, et al. Estimates of worldwide
burden of cancer in 2008: GLOBOCAN 2008[J]. International Journal
of Cancer, 2010, 127(12): 2893-2917.

E&, RILL, L. 45 ELIE SR5m TR S R )], Th sl
HMRHRE, 2013, 30(3): 429-430.

TURKTEKIN M, KONAC E, ONEN H I, et al. Evaluation of the
effects of the flavonoid apigenin on apoptotic pathway gene expression
on the colon cancer cell line (HT29)[J]. Journal of Medicinal Food,
2011, 14(10): 1107-1117.

JENKINS D C, CHARLES I G, BAYLIS S A, et al. Human colon
cancer cell lines show a diverse pattern of nitric oxide synthase gene
expression and nitric oxide generation[J]. British Journal of Cancer,
1994, 70(5): 847-849.

Lo, FL T GST-nAIP-gpfE K ke 0k J i L)), 7R e 2
B 242, 2013, 30(6): 453-455.

ate, Takie, T 220, 55, COX-2 MiNOSTE M i o 1 ik K& It
5 AR AR ST TE LT, o R S AR R AR 2 8L 2009(2):
97-102.

MASUNAGA R, KOHNO H, DHAR D K, et al. Cyclooxygenase-2
expression correlates with tumor neovascularization and prognosis
in human colorectal carcinoma patients[J]. Clinical Cancer Research,
2000, 6(10): 4064-4068.

KLOTZ T, BLOCH W, JACOBS G, et al. Immunolocalization of
inducible and constitutive nitric oxide synthases in human bladder
cancer[J]. Urology, 1999, 54(3): 416-419.

DELFOUR A, JOLLES J, ALAIS C, et al. Caseino-
glycopeptides:characterizationof a methionin residue and of the
N-terminal sequence[J]. Biochemical and Biophysical Research
Communications, 1965, 19: 452-455.

U, eI B, I BRE AR BRI AL R L. B AR,
2003, 25(9): 19-21.

OH S, WOROBO R W, KIM B, et al. Detection of cholera
toxinbindingactivity of x-casein macropeptide and optimization of
its production bythe response surface methodology[J]. Bioscience,
Biotechnology and Biochemistry, 2000, 64(3): 516-522.

JAtR. W BRI A A I BT S RE R LT). [ BR LR 2538, 2010,
37(2): 215-217.

RARIR, WRIRAR. FLURTR S F0E BRI JORE L s AT U3 e D).
i, 2012, 33(1): 262-266.

MOSMANN T. Rapid colorimetric assay for cellular growth and
survival: application to proliferation and cytotoxicity assays[J]. Journal
of Immunological Methods, 1983, 65(1/2): 55-63.

UM Y R, KONG C S, LEE J I, et al. Evaluation of chemical
constituents from Glehnialittoralis for antiproliferative activity against
HT-29 human colon cancer cells[J]. Process Biochemistry, 2010,
45(1): 114-119.

[16]

[17]

[18]

[19]
[20]

[21]

[23]

[24]

[25]

[26]

[27]

[36]

[37]

[38]

[39]

[40]

[41]

LEE S M, KIM K, KIM Y, et al. The anti-inflammatory effect of TH-901
in HT-29 cells[J]. Molecular & Cellular Tocicology, 2007, 3: 254-261.
A, FXAR, 5RCH, 5. dipmanfith TS, TP, GST-n, Pgp,
MRP1 Fe35 %0 BLYD RS 7 UL R TN (L LT AR AL R A N
1297, 2010, 15(3): 147-151.

HARRISON S, BENZIGER H. The molecular biology of colorectal
carcinoma and its implications: a review[J]. The Surgeon, 2011, 9(4):
200-210.

SR, T A L0 R 5 A HL R B B et g ).
52 P, 2009(7): 66-68.

XU R J. Bioactive peptides in milk and their biological and health
implications[J]. Food Reviews International, 1998, 14(1): 1-16.
KEOGH J B, CLIFTON P. The effect of meal replacements high in
glycomacropeptide on weight loss and markers of cardiovascular
disease risk[J]. The American Journal of Clinical Nutrition, 2008,
87(6): 1602-1605.

NEY D M, GLEASON S T, VAN CALCAR S C, et al. Nutritional
management of PKU with glycomacropeptide from cheese whey[J].
Journal of Inherited Metabolic Disease, 2009, 32(1): 32-39.

PET 5, WRDCAR, BB B it e G o] 30 i 200 60 8] 7 0 42 ) A 36
fERERI(IDI]. i FL2E, 2006, 27(6): 260-270.

RHOADES J R, GIBSON G R, FORMENTIN K, et al.
Caseinoglycomacropeptide inhibits adhesion of pathogenic
Escherichia coli strains to human cells in culture[J]. Journal of Dairy
Science, 2005, 88(10): 3455-3459.

FEAAE, S200°F, FioRAR. 223031 5- G0 bR M W 5% T Xk A 445 1 i
HT-2020 i S P IR SR (D], o [ 25 7 2 5 7 3 2 2 25, 2005, 19(1):
49-52.

SRI, J7 5, ANTE . ORI 5- R e W 0 N 5 i i 4 L
HT-291 IR F I |4 BE 2, 2011, 32(17): 2240-2242.

ZHOU Yanhong, ZENG Zhangyang, ZHANG Wenling, et al.
Lactotransferrin: a candidate tumor suppressor-deficient expression
in human nasopharyngeal carcinoma and inhibition of NPC cell
proliferation by modulating the mitogen-activated protein kinase
pathway[J]. International Journal of Cancer, 2008, 123(9): 2065-2072.
LI Wenye, LI Qingwang, HAN Zengsheng, et al. Growth suppression
effects of recombinant adenovirus expressing human lactoferrin
on cervical cancer in vitro and in vivo[J]. Cancer Biotherapy &
Radiopharmaceuticals, 2011, 26(4): 477-483.

O’RIORDAN N, KANE M, JOSHI L, et al. Structural and functional
characteristics of bovine milk protein glycosylation[J]. Glycobiology,
2014, 24(3): 220-236.

RV A B2 R AN AR S5 AR ). A SRR
I3, 2004, 31(6): 344-347.

RESRAL, L. MG EE-2 5 KIpIm ot FU ik RE (9], AL AMEL, 2005,
4(6): 451-456.

R, VLR, 407, 45 ELA 4L 4UNOS S5 eNOS 4L 4 F BAR Kl
LI MR R Fr& BRAERE, 2005, 20(3): 203-205.

IR, JE/NIL, BSCHE, S5 Bm A R AL I R A -2 5 — S
R RIS PR LT, AL BEZR &, 2003, 12(6): 398-399.
KIM S F, HURI D A, SNYDER S H. Inducible nitric oxide synthase
binds, S-nitrosylates, and activates cyclooxygenase-2[J]. Science
Signaling, 2005, 310(5756): 1966-1970.

TANAKA T, KOHNO H, SHIMADA R, et al. Prevention of colonic
aberrant crypt foci by dietary feeding of garcinol in male F344 rats[J].
Carcinogenesis, 2000, 21(6): 1183-1189.

T ek, NF-xBL5 45 ELIARALT]. v R A i 7 2% 35, 2013, 20(3):
356-359.

GUO Zhong, SHAO Lifang, DU Qiang, et al. Identification of a classic
cytokine-induced enhancer upstream in the human iNOSpromoter[J].
The FASEB Journal, 2007, 21(2): 535-542.

HOLLEY S L, RAJAGOPAL R, HOBAN P R, et al. Polymorphisms
in the glutathione S-transferase mu cluster are associated with tumour
progression and patient outcome in colorectal cancer[J]. International
Journal of Oncology, 2006, 28(1): 231-236.

PIRT, ST, vh B K. 45 BIE H VR I IR-S- 5B Rl lt 2 ik f
il KT BRI IRIBI R A% A5, 2005, 12(2): 95-98.

MOFFAT G, Mc LAREN A, WOLF C. Transcriptional and post-
transcriptional mechanisms can regulate cell-specific expression of the
human Pi-class glutathione S-transferasegene[J]. Biochemical Journal,
1997, 324: 91-95.

T, Xz, GST-r 5 M iR 2 2451 25 W FEt R (0. s B iy
2k, 2004, 11(6): 663-665.

Eugs!



