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[Abstract] Folic acid, an essential microelement to human, is closely related to tumor development and progression.
Recent studies have suggested that a low folate intake and impaired folate metabolism may be involved in the carcinogenesis of
pancreatic cancer, but the specific mechanism remains unclear. In this paper we review the progress in the association of folate

deficiency with pancreatic cancer from an epidemiological perspective, and introduce the progress in the mechanism by which

folate deficiency causes tumor.
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Tab 1 The relationship between folate and incidence of pancreatic cancer
Follow-up periqd and
Study(reference) Study design Study panticipants number of patients Result

with pancreatic cancer or folate
assessment and methods

Oaks et all®’, Cohort 51 988 men and
2010, America 57 187 women
Larsson et all’!, Cohort 45 306 men and
2006, Switzerland 6 616 women
Stolzenberg-Solomon et alt®!,  Cohort 27 101 male

1998-2006

162 men and 104 women

1998-2004

74 men and 61 women

1985-1997

HR*=0.47(95%CI 0. 23-0. 94)
HR*=1.20(95%CI1 0. 70-2. 04)

RR*=0. 25(95%CI 0. 11-0. 59);
RR¢=0.33(95%CI 0. 15-0. 72)

HR®=0.52(95%CI 0. 31-0. 87)

2001, Finland smokers

Stolzenberg-Solomon et al &7, Nested case- 126 cases,247

1999, Finland control controls

326 cases,652

controls

Bravi et allo), Case-control

2010, Italy

Guo et al (11, Case-control 42 cases,42

2009, China controls

Gong et all1?] Case-control 532 cases,

2009, America 1 701 controls
58 279 men, 62 573

women

Keszei et all13], Cohort

2009, Netherland

Schernhammer et alt**), Nested case- 208 cases,623

2007 control controls

157 men

Concentration of serum OR*=0.45(95%CI 0. 24-0. 82)

folate measured with RIA
Interview based on 78-items OR*=0. 82 (95%CI 0. 70-0. 96)
FFQs(food-frequency
questionnaires)

Concentration of plasma folate OR¢=0.571(95%CI 0. 383-0. 851)
measured with ELISA

Interview based on 131-items OR®=0.67(95%CI 0. 48- 0. 93)
FFQs
1986-1999 HR*=1.37( 95%CI 0. 97-1. 94)

188 men, 175 women

Concentration of plasma folate OR*¢=0.

measured with ELISA

55(0. 24, 1.55);

Skinner et all'®7,

2004 , America

Silverman et al'67,
1998, America

Cohort

Case-control

47 840 men,
77 640 women

436 cases,2003

controls

1984-1998, 1986-2000

187 men, 139 women

Interview based on 131-items

FFQs

RR*=0.65(95%CI 0.37-1.35);
RR*=0.66(95%CI 0.37-1. 18)

OR'=0.9,0R>™= 1.0

*; Relative risk(or Hazard Ratio or Odds Ratio) for highest versus lowest intake category of folate from food.

Folate levels from men.

ry supplements, ¢

Hazard Ratio or Odds
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: Relative risk(or Hazard Ratio or Odds Ratio) for highest versus lowest intake category of serum folate. ©:

Ratio) for highest versus lowest intake category of plasma folate.

b. Folate levels from women.
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Relative risk(or

£, 95%CI was not mentioned

BAEM ., #H 667TT FeH A M A 5TF L CC/CT Fk K AU AH
Fb i AR B AR 1 XU 384 P A (OR=2. 14395 % CI:1. 14~
4.01), A, 7E MTHFR 677TT & F B 50 R = IR
S0 B AR B 7 AE B8 HAR DT,
rE 2 30 A HL RATE &M
HEEMHEE K,

T WA e A T A g e
() B, W A0 B AE 2 AR B — A XA
A it R R SR 2 ) e R R 2R T — T O - ) R F
FERI L MG R 5T R kv T ik 5 B OH 5 I R R XU
TEGEIE 1S W 00 AH DG, e e vk 2 IR IR g A KU



+ 908 -

B OFEEKF¥M 20114E8 AL 328

JLF B AR B — 2 (OR=0.45,95%Cl1.0. 24 ~0, 82; P =
0.009) . 3T i AR XU [] A Al s B AE O 2 2R 6 T WU A
Eh (R E MR ME.OR=2. 13,95% CI: 1. 13~
3.99;P=0.04), XUEEEHSHE T 44 2 65 1Y i R AKF- ek 2
TR R R R AR S TS A A A R 2T R
AU

2 PHER A B3R R & 9 B RT BE AL AR

B B 143 A1 43 s o B SR R R R I I SR (UK T
JEFRE ) L PRI BE B R AT LA 8 — A S i R e = Al W R R
B Za) £ B S TR A ) A0 AR P Ak R N 1 s L B T
FLIBERRAN 53 WS Ty REAR 17 L 23 S A 2t B R e 2020 i M AR ¢
55 1 B g 2 DM ORTE AT S A A kL e = HOLSE AT B S
JoE MR R T A0 6 1) G Ak 45 R A SR R AR T T N R B = 1Y B
Wy e AR i R T R Y R UL $8 AR IR A ML DNA 1 B0 M
Jite v e Az /0[RS AR SR (SAMD /SR R 2
ot Z R (SAHD WY L (B R IK. X £ 2 H N 5 & 1 e,
SAM 5 SAH M lCE# A & B AL PR S S T R

e B — SR AN SIS Bl Be N A T A S 0 Y E A SR T
W R 4 o DNA B 7 1 B TR i i 1 R U8 . I R 5 = 7T g3
i Z2 By T A A AR B IR R R
2.1 RoeEe AN DNA R 76 I8 | e g 2% 1 R 19 5 I
rh R AR OGS 1 L I 4R PR 1 E A% H TR (dUMP) %% Ak I 40 Mg it
WA WE 7% H R (A TMP) 75 8 5, 10-H1 2 U S M BR1E 4 dTMP &
B SR, nh R B = e, BB AR Y dUMP B L 53
dUTP ¥k 38hn, Wi B dTTP f7 & 4F 8 DNA & B RT 1A
kA DNA, 1E# DNA VIBRE G L% 7T L4 B AR
dUTP, Al 7 1 B A L A1 5 T L 5 30 DNA & & ik ARG fig
TCRAE B, 3% Tl JE ARG B 23 ok DNA B 1 I 240 Je ik R 4
B R R PR

FEMRAI ST 5 L P R B = B 3R A b 4 RN S
A0HE DNA #5248, 3 0 0 A8 (I 2 Bl Ok Rt ) L A
TR PR E 7 R R 2 B IR AL LA R HL60 4
TE N b L A0 R A A Bl B v T LD S5 40 DNA 3
L) RSN R R IR i = B DNA K LA
i IE B AR S5 1 20 1 55 00 M b B A i AR T T
B2, R B 2 A A5 3 2 41 PR 5 E A B AR 2~ 3
BT AR B = FE DNA R SE P b i 7018 5 R A T
JEE AR S 1 1 AR AU Pt TR 7K ST 2 400 o6 0 L 38 RN AT R O R R
BENESS B

TE W) 505 O T . BUAR P93 4R AR e = 4 A5 I 40
dUTP 5 dTTP WWER M 3 15,15 2 4 i p53 DNA 8 B
T U400 B T U 40 M 3 R 41 DNA B 24, [R) it 98 40 i oA
Tobeo) R e ol BE D) B 5O U S B AR T 1N R
JEF IUE 200 H v R e B A 48 B it Duthie 8012 B9S24 b, o
PR i 22 /05 B B 400 DR g O e R R L P . E ATk
S T T AVCAE S T LA A5 A bR g B ik M B TE AE R L3R K
LT AT BR K A9 N R AL DNA b, T BR W5 e 45 18 R A H

Sy 21 240 B i AR T Bk R e 2 T B T

2.2 Wi ey DNA ¥ A4 X FTREAHE T 56 B 4145 Sk 1k
— S R HURIR R IR R G 31 F X CpG 5 13 L4k,
DNA I 34L 76 2 K 3 3k  DNA 5 #4954 1 198 78 vl & 4%
FH 5 25T 5 R 1 A, 4 P A 3 b A B R
HH CpG & XM R RN, B £8)E 3 FIX CpG
A Y Ak TR e G — S R A ) 3 DN % g G R O
K40 p16.,ppENK 1 hMLH1 2 1% 505, [H e, i i §
HEHEAACAS T2 1 5 55007 P 98 0 ) 35 R 1Y 2K T T B A R R e
LA KA R 2 R R mE AR .

R e = R B B AR R (0 AR Bl > SAML, AR
SAM/SAH It %, [ o) 5 5/ B JE DNA % AT £ 1k A
mRNAJFR W 2k Y v S R B R e = it
TN HE B2 1 20 il DNA WAk B AT 52 i, A A X — 2 R 5
i JEE B VA Rk e HIRER Rt Z RS
B4 20 I 1A L bk B 20 A 4 S R ALK R SR,

3 INEFRE

W B HT ORISR R R B = R B IR Y fE RS
PR SR, TG 23X 7 T 09 AT 0 = F 58 F 0 A7 72
JRIBRME , LA, A e F 5 Y F 5T 0 A A, Hh 5 e B 25 2R 1
AT BE A BRI 5T AF A 1 5 O A o 11 A B 5 IR [8] 5 1 B AT 5T
RS R ViR . 5380 T IR MR R IR AR O R
Wi T B8 AG D0) 5 b  £0 2 MM P PR % M  am  E R  H R
T ARSI 5 3 CL AT 22 i, JHG b R A Wk A% OO S B Y
EHERTIZ . SR, X H T 20 Z0F 58 07 800 IR 95 3 % H
TG U B A M v R Y JL RN T IR AT U T AR R
R A [ 552 6 = 10 TR A 00 24 2R 2 S R S TR ARG I O 3 19
DG5S 2 [0 AT LM 22 . DA I 33 2 R 3830 5% el A9F % 485 2R 1Y
YR PR ST HE P, A8 T B IR — 20 T By 0T i A T I
FAH B4 5L Q0] I LV R K S S TR TR B9 O R
I HXT BRI S e L S R B AR AL o R FR AT — 2B E 5T
fY 5 1) 55 A

[Z % X #]

[1] Blount B C,Mack M M, Wehr C M, MacGregor J] T, Hiatt R A,
Wang G, et al. Folate deficiency causes uracil misincorporation
into human DNA and chromosome breakage: implications for
cancer and neuronal damage[ J]. Proc Natl Acad Sci USA,1997,
94:3290-3295.

[2] Duthie S J, Mavrommatis Y, Rucklidge G, Reid M, Duncan G,
Moyer M P, et al. The response of human colonocytes to folate
deficiency in vitro : functional and proteomic analyses[ J]. ] Pro-
teome Res,2008,7.3254-3266.

[3] Kim Y I Nutritional epigenetics: impact of folate deficiency on
DNA methylation and colon cancer susceptibility[J]. J Nutr,
2005,135:2703-2709.

[4] Wiseman M. The Second World Cancer Research Fund/Ameri-

can Institute for Cancer Research Expert Report. Food, nutri-



8. b Mg AR RS R 09 5% R B T i

* 909 -

[5]

[6]

(7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

tion, physical activity, and the prevention of cancer; a global
perspective[ J]. Proc Nutr Soc,2008,67:253-256.

Larsson S C, Giovannucci E, Wolk A. Folate intake, MTHFR
polymorphisms,and risk of esophageal, gastric, and pancreatic
cancer: a meta-analysis[ ] ]. Gastroenterology, 2006,131:1271-
1283.

Oaks B M, Dodd K W. Meinhold C L, Jiao L, Church T R,
Stolzenberg-Solomon R Z. Folate intake, post-folic acid grain
fortification, and pancreatic cancer risk in the prostate, lung,
colorectal,and ovarian cancer screening trial[ J]. Am J Clin Nu-
tr,2010,91.:449-455.

Larsson S C, Hakansson N, Giovannucci E. Wolk A. Folate in-
take and pancreatic cancer incidence: a prospective study of
Swedish women and men[ ] ]. ] Natl Cancer Inst,2006,98:407-
413.

Stolzenberg-Solomon R Z,Pietinen P,Barrett M J, Taylor P R,
Virtamo J, Albanes D. Dietary and other methyl-group availabil-
ity factors and pancreatic cancer risk in a cohort of male smok-
ers[J]. Am ] Epidemiol ,2001,153.680-687.
Stolzenberg-Solomon R Z, Albanes D, Nieto F J, Hartman T ],
Tangrea J A,Rautalahti M, et al. Pancreatic cancer risk and nu-
trition-related methyl-group availability indicators in male
smokers[J]. ] Natl Cancer Inst,1999,91.535-541.

Bravi F,Polesel J,Bosetti C, Talamini R, Negri E, Dal Maso L,
et al. Dietary intake of selected micronutrients and the risk of
pancreatic cancer; an Italian case-control study[J]. Ann Oncol,
2011,22:202-206.

WEY AW MR L AIREE, Ak R R B
JoE SR 5 I A 0K 2R s 1 ) IR S [0 . 36 R,
2009,30:420-423.

Guo A Z,Cai Q C,Chen Y,Zhu W,Li S D,Li Z S. Relationship
of folic acid, homcysteine with pancreatic cancer:a case-control
study[J]. Acad ] Sec Mil Med Univ,2009,30:420-423.

Gong Z, Holly E A, Bracci P M. Intake of folate, vitamins B ,
Bi2 and methionine and risk of pancreatic cancer in a large popu-
lation-based case-control study [ J]. Cancer Causes Control,
2009,20:1317-1325.

Keszei A P, Verhage B A, Heinen M M, Goldbohm R A, van
den Brandt P A. Dietary folate and folate vitamers and the risk
of pancreatic cancer in the Netherlands cohort study[J]. Cancer
Epidemiol Biomarkers Prev,2009,18:1785-1791.
Schernhammer E, Wolpin B, Rifai N, Cochrane B, Manson J A,
Ma J.et al. Plasma folate, vitamin B . vitamin By, ., and homo-
cysteine and pancreatic cancer risk in four large cohorts[]].
Cancer Res,2007,67:5553-5560.

Skinner H G, Michaud D S, Giovannucci E L, Rimm E B,
Stampfer M J, Willett W C, et al. A prospective study of folate
intake and the risk of pancreatic cancer in men and women[]].
Am J Epidemiol,2004,160:248-258.

Silverman D T, Swanson C A, Gridley G, Wacholder S, Green-

berg R S,Brown L. M,et al. Dietary and nutritional factors and

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

pancreatic cancer; a case-control study based on direct inter-
views[ ] ]. J Natl Cancer Inst,1998,90:1710-1719.

Frosst P, Blom H J, Milos R, Goyette P, Sheppard C A, Mat-
thews R G, et al. A candidate genetic risk factor for vascular
disease: a common mutation in methylenetetrahydrofolate re-
ductase[]]. Nat Genet,1995,10:111-113.

Li D, Ahmed M, Li Y,Jiao L,Chou T H,Wolff R A,et al. 5,10-
Methylenetetrahydrofolate reductase polymorphisms and the
risk of pancreatic cancer [ J ]. Cancer Epidemiol Biomarkers
Prev,2005,14:1470-1476.

Lowenfels A B, Maisonneuve P. Epidemiology and risk factors
for pancreatic cancer[]]. Best Pract Res Clin Gastroenterol,
2006,20:197-209.

Pilch S M, Senti F R; National Health and Nutrition Examina-
tion Survey [ (U. S.). Assessment of the Nutritional Status of
the U. S. Population Based on Data Collected in the Second Na-
tional Health and Nutrition Examination Survey, 1976-1980
[M]. Bethesda, Md. : Federation of American Societies for Ex-
perimental Biology, Life Sciences Research Office. Springfield
Va. : Available from NTIS,1984.

Balaghi M, Wagner C. Methyl group metabolism in the pancreas
of folate-deficient rats[J]. ] Nutr,1992,122:1391-1396.
Hoover K L,Poirier L. A. Hepatocyte-like cells within the pan-
creas of rats fed methyl-deficient diets[J]. J Nutr, 1986,116:
1569-1575.

Farber E,Popper H. Production of acute pancreatitis with ethi-
onine and its prevention by methionine[ J ]. Proc Soc Exp Biol
Med, 1950,74:838-840.

Govendir M, Canfield P J, Church D B. Effect of d,l-ethionine
administration on the histomorphology of canine pancreatic aci-
nar and beta-cells[J]. Exp Toxicol Pathol,2002,54,77-83.
Malka D, Hammel P, Maire F,Rufat P, Madeira I, Pessione F,et
al. Risk of pancreatic adenocarcinoma in chronic pancreatitis
[J7. Gut.2002,51:849-852.

Lowenfels A B, Maisonneuve P, Cavallini G, Ammann R W,
Lankisch P G, Andersen ] R, et al. Pancreatitis and the risk of
pancreatic cancer. International Pancreatitis Study Group[J]. N
Engl J Med,1993,328:1433-1437.

Lowenfels A B, Maisonneuve P, DiMagno E P, Elitsur Y., Gates
L K Jr,Perrault J,et al. Hereditary pancreatitis and the risk of
pancreatic cancer. International Hereditary Pancreatitis Study
Group[J].] Natl Cancer Inst,1997,89:442-446.

Parsa I,Marsh W H, Fitzgerald P J. Pancreas acinar cell differ-
entiation. V. Effects of methyl donors and homocysteine[ ] ].
Fed Proc,1972,31:166-175.

Elseweidy M, Singh M. Folate deficiency and pancreatic acinar
cell function[J]. Proc Soc Exp Biol Med,1984,177;247-252.
Branda R F, Blickensderfer D B. Folate deficiency increases ge-
netic damage caused by alkylating agents and gamma-irradiation
in Chinese hamster ovary cells[ ]J]. Cancer Res,1993,53:5401-
5408.



+ 910 -

B OFEEKF¥M 20114E8 AL 328

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Libbus B L,Borman L S, Ventrone C H,Branda R F. Nutrition-
al folate-deficiency in Chinese hamster ovary cells. Chromosom-
al abnormalities associated with perturbations in nucleic acid
precursors[ J]. Cancer Genet Cytogenet,1990,46:231-242.
James S J,Basnakian A G, Miller B J. In vitro folate deficiency
induces deoxynucleotide pool imbalances, apoptosis and muta-
genesis in Chinese hamster ovary cells[ J]. Cancer Res, 1994,
54:5075-5080.

Wickramasinghe S N, Fida S. Misincorporation of uracil into the
DNA of folate- and Bjz-deficient HL60 cells[J]. Eur ] Haema-
tol,1993,50:127-132.

Melnyk S, Pogribna M, Miller B J, Basnakian A G, Pogribny 1
P.James S J. Uracil misincorporation, DNA strand breaks, and
gene amplification are associated with tumorigenic cell transfor-
mation in folate deficient/repleted Chinese hamster ovary cells
[JJ. Cancer Lett,1999,146:35-44.

Duthie S J, Hawdon A. DNA instability (strand breakage,uracil
misincorporation,and defective repair) is increased by folic acid
depletion in human lymphocytes in wvitro[J]. FASEB J, 1998,
12:1491-1497.

Duthie S J,Narayanan S, Blum S, Pirie L., Brand G M. Folate de-
ficiency in vitro induces uracil misincorporation and DNA hy-
pomethylation and inhibits DNA excision repair in immortalised
normal human colon epithelial cells[J]. Nutr Cancer, 2000, 37
245-251.

Duthie S J,Narayanan S, Brand G M, Pirie L, Grant G. Impact
of folate deficiency on DNA stability[ J]. J Nutr, 2002,132(8
Suppl) : 2444524498,

Pogribny I P,Basnakian A G,Miller B J, Lopatina N G, Poirier
L A,James S J. Breaks in genomic DNA and within the p53
gene are associated with hypomethylation in livers of folate/
methyl-deficient rats[J]. Cancer Res,1995,55:1894-1901.
James SJ,Yin L. Diet-induced DNA damage and altered nucleo-
tide metabolism in lymphocytes from methyl-deficient rats[J].
Carcinogenesis, 1989,10:1209-1214.

James S J, Miller B J, Basnakian A G, Pogribny I P, Pogribna
M., Muskhelishvili L. Apoptosis and proliferation under condi-
tions of deoxynucleotide pool imbalance in liver of folate/methyl

deficient rats[ J]. Carcinogenesis,1997,18:287-293.

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Blount B C, Ames B N. Analysis of uracil in DNA by gas chro-
matography-mass spectrometry[J ]. Anal Biochem, 1994, 219.
195-200.
Duthie S J, Grant G, Narayanan S. Increased uracil misincorpo-
ration in lymphocytes from folate-deficient rats[ J]. Br J Canc-
er,2000,83:1532-1537.
Wickramasinghe S N, Fida S. Bone marrow cells from vitamin
Bis- and folate-deficient patients misincorporate uracil into
DNAT[J]. Blood,1994,83:1656-1661.
Laird P W, Jaenisch R. DNA methylation and cancer[J]. Hum
Mol Genet,1994,3:1487-1495.
Ueki T, Toyota M, Skinner H, Walter K M, Yeo C J.Issa] P,et
al. Identification and characterization of differentially methyla-
ted CpG islands in pancreatic carcinomal J ]. Cancer Res, 2001,
61:8540-8546.
Wainfan E, Poirier . A. Methyl groups in carcinogenesis:
effects on DNA methylation and gene expression[ J]. Cancer
Res,1992,52.2071s-2077s.
Balaghi M, Wagner C. DNA methylation in folate deficiency:
use of CpG methylase [ J]. Biochem Biophys Res Commun,
1993,193:1184-1190.
Kim Y I.Christman ] K, Fleet ] C,Cravo M L, Salomon R N,
Smith D, Ordovas J, et al. Moderate folate deficiency does not
cause global hypomethylation of hepatic and colonic DNA or c-
myc-specific hypomethylation of colonic DNA in rats[J]. Am ]
Clin Nutr,1995,61:1083-1090.
Kim Y I, Pogribny I P, Salomon R N, Choi S W, Smith D E,
James S J, et al. Exon-specific DNA hypomethylation of the p53
gene of rat colon induced by dimethylhydrazine. Modulation by
dietary folate[]J]. Am ] Pathol,1996,149.1129-1137.
Jacob R A, Gretz D M, Taylor P C, James S J, Pogribny I P,
Miller B J,et al. Moderate folate depletion increases plasma ho-
mocysteine and decreases lymphocyte DNA methylation in post-
menopausal women[J]. ] Nutr,1998,128:1204-1212.
Gunter E W,Bowman B A, Caudill SP, Twite D B, Adams M J,
Sampson E J. Results of an international round robin for serum
and whole-blood folate[ J]. Clin Chem,1996,42:1689-1694.
[(AxHmE\E] h &



