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Introduction

QGrains

Major grains:
Wheat, Rice, and Maize

Minor grains:
Oats, Rye, Barley, Triticle, Sorghum, Millet, and
Adlay (Job’s tears)

Other grains (not botanically true grains):
Buckwheat, Wild rice, and Amaranth

Whole grains

The intact, ground, cracked or flaked caryopsis,
whose principal anatomical components, the
starchy endosperm, germ and bran, are present in
substantially the same relative proportions as they
exist in the intact caryopsis.




Structure of a whole grain

Providing energy

| Endosperm
(Carbohydrate & protein

Protecting seed
(Fiber, oil, B vitamins,
& trace minerals)

Nourishment for the seed

(Antioxidants, vitamin E,

& B vitamins)
(Slavin, 2004)

Whole grains and human cancer

Integrated series of case-control studies in Italy

OR (95% CI) score’ Chi-square
T ldmniec) Intermediate? High? “:?‘d
Type of neoplasm (1-3 d/wk) (>3 d/wk)
Oral cavity, pharynx and oesophagus 0.4 (0.2-0.6) 0.3 (0.2-0.5) 20.44
Stomach 0.9 (0.7-1.1) 0.5 (0.4-0.7) 14.14
Calon 0.9 (0.7-1.1) 0.5 (0.3-0.6) 21.0%
Rectum 0.8 (0.6-1.1) 0.7 (0.5-1.0) 6.1°
Liver 0.8 (0.5-1.1) 0.6 (0.4-0.9) 6.8*
Gallbladder 0.3 (0.1-1.0) 0.5(0.2-1.4) 3.8}
Pancreas 0.9 (0.7-1.3) 0.8 (0.5-1.2) 0.9
Larynx 0.2 (0.1-0.5) 0.2 (0.0-0.5) 20.24
Breast 0.9 (0.8-1.0) 0.9 (0.8-1.0) 4.6%
Endometriuum 1.0 (0.8-1.2) 0.9 (0.7-1.1) 1.4
Ovary 0.9 (0.8-1.1) 0.6 (0.5-0.8) 1.6
Prostate 0.9 (0.5-1.6) 0.8 (0.4-1.7) 0.4
Bladder 0.8 (0.5-1.1) 0.4 (0.3-0.7) 12.3*
Kiduney 0.8 (0.5-1.2) 0.4 (0.2-0.8) 6.94
Thyroid 1.9 (1.3-2.6) 1.3 (0.9-2.0) 6.1%
Hodgkin’s disease 0.9 (0.4-1.7) 0.6 (0.2-1.5) 1.2
Non-Hodgkin’s lymphomas 1.0 (0.6-1.5) 0.4 (0.2-0.8) 513
Multiple myeloma 1.0 (0.6-1.7 0.5 (0.2-1.1) 21
Controls

Higher frequency of whole grain food intake is an indicator of

i eral ms.
reduced risk of sev neoplasms (Chatenoud et al., 1998)

Meta-analysis of case-control studies

Table 3. Suinmary Findings of Epidemiologic Case-Control Studies of High vs. Low Intake of Whole Grains, by Canrﬂr’f
Studied” . A

Total No. of No. of Mentions Pooled
Cancer Studied Meations Mentions <1 With p < 0.05 Odds Ratios”
Colorectal, colun, rectum, colon polyps 10 9 5 0.79
Colorectal, colan, rectum, colon pelyps* 3 I 0 1.10
Gastric 2 7 7 0.57
Gastric* L ] | 1.60
Oral, pharyngeal, tongue 4 4 3 0.57
sophageal 2 2 2 052
Larynx® 1 I 0 0.60
Pancreatic 4 4 2 070
Prostate | 1 0 0.90
Breast 2 2 0 086
Fndometrial 3 3 | 0.55
COrvarian | 1 1 0.63
Brain - 3 2 ! 0.67
Mycloma | 1 D 0.50
Liver | 1 0 0.58
Thyroid i 1 i 0.60
Blider ! I 0 0.46
Soft tizsue sarcoma i | I 0.20
Soft tissue sarcoma' i 1 | Q.40
MNon-Hodgkin's lymphoma 2 2 2 0.4]
Hodgkin’s Jymphoma i ! 0 0.60

Whole-grain intake protects against various cancers.
(Jacobs et al., 1998)




The Case-Control Study of the KPMCP (US)

TABLE 3

Assoniations between plnt food ntakes (servings'd) and rectal cancer m men and women

Men Wouren All subjects, O
Cases Contrals OR (95% CT)! Cases Controls OR (95% CT)' 93% 1y
n n H 4
Whole grams (servings/d)

=0.50 121 118 1.00 91 97 1.00 1.00
0.51-1.25 139 151 100 (0.70, 1.41) 113 156 0.85 (0,57, 1.25) 0.92(0.71, 1.19)
1.26-2.0 125 152 0.86(0.60,123) st 125 0.79(0.51,1.22) 052 (0.63, 1.08)
2130 58 115 0.85 (0.58, 1.25) 70 e 1.05 (.67, 1.67) 0.88 (0.66, 1.18)
=30 86 137 0.67 (0.46, 0.98) 6 60 074 (043, 1.27) 0.69 (0.51, 0.94)
P for hnear trend 0.03
P for mteraction’ 027

Rectal cancer is inversely associated with intakes of whole-grain

products.

(Slattery et al., 2004)

KPMCP: Kaiser Permanente Medical Care Program in northern California

Dietary fiber of whole grains and
human cancer

The PLCO Cancer Screening Trial (US) (case-control)
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Fibre intake (g/day)

Total dietary fibre (g/day) and distal colorectal adenoma

Risk of colorectal adenoma decreases with increasing fiber intake.

PLCO: Prostate, Lung, Colorectal , and Ovarian

(Peters et al., 2003)

10% and 90% Base model* Muitivariate-adjusted analyses}
percentiles (2/day)  Odds ratio (35% CI) [ Odds ratio [95% CI) [
Fibre source
Tulal fibre 12-6-36-4 077 (-73-0-81) «0-00C1 0681 (0-86-0-97) 0-C02
Fibre from:
Grains/ cereals 33141 0-75 (0-68-0-82) «0-00C1 0-88 (0-79-0-97) 0-Co8
Legumes 0.9-5-8 088 (0-73-1-67) 0.22 099 (0-78-1-20) 080
Vegetables 2-7-10-7 0-08 (0-84-1-10) 059 100 10-89-1-15) 0.9
Fruits 1-4-8.7 053 0-61-2-67) <0-00C1 0-80 (0:71-0:93) 0-C03

* Adjusted for age, centie, sex, and energy intake. tAdusted for age, centre, sex, energy intake, ethnic origin, education attzinment, smoking, alcohol intake. 3spirin
use, ibuprofen use, physical aclivity, bodyamass index, red meat intake, folate Intake, calclim Intake, and other fibre food scurces (for analysls of fibre from gains and
carcols, lcgumes, vegetables and fruits)

Table 3: Assoclation between fibre food groups and distal colorectal adenomas

Dietary fiber, particularly from grains, cereals, and fruits, is
associated with decreased risk of distal colon adenoma.

(Peters et al., 2003)




The EPIC Study (European) (Prospective)

Table 2 AR and 95% Cl of colorectal cancer according to consumption of whaie grains

1'he dSwedish Mammography Conort Study (Prospective) \

Quintile Hazoed ratio for each P
1 2 3 7 5 quintile Increase
Cereal fibre (g) 4-T2(228) &61(282) 7-93 (3-34) 9-35 {3-91) 1205(5T71) -
Hazard ratio 1-00 D89 {0-74-1.08] D-85 (0-6%-103) 0-88{0-71-1.08) 0.78{0-62-D-98] 0960 (0-901-1-002)  0-060
{95% CI)
Vegetable fibre (g1  2-83(1-72) 3-771(2-10) 4-42(2-42) 511(281) 6-48 {3.85)
Hazard ratio 1-00 094 (D77-115) 095 (0-77-1-18) 1.00{0-81-1-24) 0-88{0T0-1-11) 09283 (0-932-1.035) 0517
(96% CI)
Legumes fibre (g)  0-45 (0681 065 (0-92) -85 (1-14) 1-14{1-47) 1:73{2:17) n
Hazard ratio 1.00 102 {0-83-1.26) 110 (0-91-1-34; 1-18{0-97-1-43} 104 {-B4-1-30) 1-025 (0-976-1-07T) 0311
(g96% CI)
Fruit fibre (g} 2-21 (1-58) 3-41 (2:00) 4.29 (2.38) 5-38 (2-87) 776 (4-40) "
Hazard ratio ig) 1.00 0-83 (0-67-0-86) 0O-76 (0-63-0-92) 0-82(0-86-0-99) 0768 (0-84-0-97) 0967 (0922-1.015) 0174

Analyses ara done with Cox's regression using age, weight, height, sax, nonfat enargy. anergy from fat, and stratified by cantre.
Table 4! Intakes of fibre and colorectal cancer by quintile of sex-specHic source of fibre Intake

An inverse association between intake of fiber from cereals and
risk of colon cancer.

(Bingham et al., 2003)

EPIC: European Prospective Investigation into Cancer and Nutrition

Categories of whole grain consumption (servingsday ')

<15 1.5-24 2.5-314 3.5-44 =45 Pvalue for trend)
Calorectal oancer
Al cases
Number of cases 187 201 191 132 b
Age-adjusted RR (95% () 1.00 079 ©81-122) 105 (083~ 1329) 0597 (077122} 0.81 {Qoi - 1.03) Q14
Multivarate RR (35% Cij* 1.50 1.00 081~ 1.24) 1.0S (084 1.30) 086 (075-1.13) 0.80 {060-1.06) als
Exchuding cases with follow up <2 years
Number of cases 176 187 175 19 84
Multvariate RR (35% C)* 1.00 099 {£.80-1.23) 102 {281~ 1.29) 093 (0.72-1.21) 0.76 {0.56-1.03) Qlo
Colon ancer”
All cases
Mumber of cases 136 135 131 B8 57
Age.adjusted RR (%5% Ch) 1.00 092 ©72-1.16} 100 {078 1.28) 090 (L68-1.18) 0.67 {049-0.91) 002
Multivarate RR (5% Gy 1.00 024 ©.73-121) 102 {0 1.33; 091 {067 -1.23) Q.67 (047-0.96) G.06
Excduding cases with fullowup <2 years
Number of cases 129 125 124 7e 52
Muhnariate RR (353 Ciy* 1.00 031 £.70-1.18) 102 (078~ |.34) 086 {0e3-1.18) 0.65 (045 -0.54) 0.04
Rectal coneee”
Al cases
MNumber of cases 2 6b 57 43 36
Age-adjsied RR (5% C1) 100 1.22 {0.84- 1 78) 114 {077 = 1,68} TAGI7—-1.78) I.16 {0.75-1.80) G6l
Multivarate RR (35% C7* 100 117 080~ 1.72) 109 (AT2- 1 64) 109 {069 -1.72} 111 (067183 Q8%
Excluding cases with ©llos up <2 years
MNumber of cares W 62 48 9 31
Multharate RR (95% Ci* 1.00 121 OB - 181 102 (066~ | 5B} .11 06 -1.77) 1.07 {062 1.B2) 0y

High consumption of whole grains may decrease the risk of colon

cancer in women.
(Larsson et al., 2005)

16 71

i P-value for frend =0.03
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0.6 1

04 1

Multivariate RR (95% Cl)

0.2t

</7.4 7.4-94 95-11.2 11.3-13.5 213.6
Cereal fibre intake (g day™")

The observed reduction in colon cancer risk associated with high
consumption of whole grains may partly be attributed to cereal fiber.

(Larsson et al., 2005)

The NIH-AARP Diet and Health Stlldy (US) (Prospective)

TARLE 4
Relative visks (and 955 Clsp of colorecee] cancer by quintibe s of whole-grain inuks

Quintile
| 2 3 4 ¥ 1 lor wend
Colcrectal cancer
Mediar irtake (servings/keal/d) 02 0.4 53] UR 13
Cases/person-years ) Ti7i424 327 6144425 549 014426 146 2346211 SIEH426 243
Ageand sex-adjasted 1.00 OR7¢075, 006y  0851076,000) 071064070  0.67 060,075 <000
Multivariate” 1.00 092(082 102y 093083 1) 0.81(0.72,000  0.79(0.70,0.39] < 0.00!
Cuolen earver
Cascy/person-yenrs SO0vd24 227 422/425 S49 449426 196 378426 211 426 243
Aze- and sex-adjusted 1.90 O08500.75, 6.9T) 0390078, 1.0 L7364, Q84 (K74 (064, (L34} <O
Multivariate! 1.00 0816079, L03) 008086 112  D83071006)  0.86 (075, 0.99; 003
Proanml colon cancer
Cases/parson-years Z6a/424 127 211425 540 247/426 196 200426210 17/426 243
Age- und sex-adjusicd 100 079066, 0,951  0,9100.76 1.08) 274 062,089  0.72 (.60, 0.86) <LK
Multivariate’ 1.00 GB4¢0.70, 1.0 1084 L1Y)  DE5W0T0. 102 (.84 (0,69, 1010 0.10
Lastal colon cancer
Cases/person-years 217424 327 192/425 544 1962426 106 152426 211 163426 243
Age- and sex-addjueted 1.00 090074, L09y 088072 1.07)  2.£00.56,085) 0,72 (0.50,0.88) <0001
Multivariate! 1.90 096 (0,79, 1.17) 0987080, 1.19) 279004, 098 085 (.69, 1.06: 0.3
Recral cancer
Cases/person-yenrs 211424327 1977425 540 166/426 196 1507426 211 1244426 243
Age- mnd sex-adjusred 150 G075, L1y OT5(06L 000 266 (034080 0.54 (043067 <000
Moltivarine’ 100 (OSLTR 1.16)  OR2{067, 101 D56@M61L0804)  ned 51,081 <0001

(Schatzkin et al., 2007)

NIH-AARP: National Institutes of Health-American Association of Retired Persons




Relative risk of colorectal cancer

—— Regression curve
e 959 CI1

0.2

0.0
T T T T ’ T T T T
000 025 050 075 00 125 150 75 200 225 250

Whole-grain intake (servings - 1000 keal ™' - d")
Whole-grain intake is inversely associated with colorectal
cancer risk. (Schatzkin et al., 2007)

TABLE 3
Ralarive risks tand 93% Cls) of wolorectal cancer by source of dietary fiber imake
Quintile
1 . 3 4 3 P for irend

Fiber from graing

Mediar intake 1 « 1000 keal ™ - d =" 1.7 15 12 40 52

Cases/person-years 632424 227 60425715 SEI4L5 Wb 5601476 245 SIE4I6 344

Age-and sox-adjusted 1.00 OARO88, 1000 08576085 ORI 073001 071 (0.€3,0.70) =2 0N

Mubiiyarkae’ 1.06) AR OI2. 115 094083, 165, 6.0 (0.8 1.06;  0.85).76,0.98) 091
Fiber Fom frun

Median intake (3] 1.2 0 29 48

Cases/person-years 78424 3 ELV424058 563425 460 S2T46 TT6 593426089

Age-and gex-adjusted 140 486 (.77, 0.96 078 (LT 08T, 0,73 (LES 081 m81{0,74.0.02) (R 2]

Mulrivariate! 1.00 0.95 (085, 1060 0.91 (A1, 1.02 000 (280, 1621 LOSGAGS. 12D 14
Fiber from vegelables

Median intake LT 25 32 42 60

Cases/person-years 680:423 507 00425 480 586425 353 5505426 468 SS0427 128

Age-and sex-adjosted 1.06) B.88 (1,70, 0.58) B.R7 (N.TR, 007 83 (1).74, 0.03; O87(.77.0.0T) < (0l

Mutiivariate’ 1.00 B9 (081, 1.0 093 (.83, 114 0.92 ().EL, 1L.OM 1.01 €089, 115y 0.70
Fiber Fom beans

Median intake 0.2 05 08 1.3 2.3

Clges/person-y ears 6234425 To0 €20/425 785 561425 569 505425 506 57514257137

Age-ind sex-adjusted 1.00 048 (.87, 1001 087 0.7, 0.08 .91 (0.8, 1.02! 0.82¢0.70,0.00) 004

Muftivagiae? 1.06) HO8 (08B, 1M OBR(DTR.009 092 (LES, Lo 09X (08, LO4) 0.25

A Case-Control Study in San Francisco (US)

TABLE 2. Association between consumption of whole-grain foeds and risk of pancreatic cancer in
a population-based case-control study, San Francisco Bay Area, Calilomia, 1995-1999

Whole grain (serving size) and Cases Controls Model 1+ Model 21
L e Not % Nof %  OR§ %% Cl§  OR 95% Cl
Total whole grainsy
Never or < 1 serving/day 473 90 1,455 86 1.0 Relerent 1.0 Referent
1 serving/day 40 8 188 11 0862 043,088 0.69 047,10
2 servings/day 13 2 58 3 057 0.31, 1.1 0.60 0.31, 1.2
Trend-p 0.002 0.04

Consuming more whole-grain foods may reduce the risk of
pancreatic cancer.

(Chan et al., 2007)

Only fiber from grains is associated with a low risk of

colorectal cancer.
(Schatzkin et al., 2007)

TABLE 5. Association between consumption of carbohydrate and fiber and risk of pancreatic cancer in
a population-based case-control study, San Francisco Bay Area, California, 1995-1999

Dietary component and Cases Controls Model 1* Model 2t
quartile of consumption g 4 %  Not % OR§ 95% Cl§ OR 95% CI
Dietary fiber {g/day)
Q1 (£15.6) 157 32  ant 25 1.0 Referent 1.0 Referent
Q2 (15.7-20.4) 125 26 370 25 0.80 0.60, 1.1 0.86 0.64, 1.1
Q3 (205-26.4) 122 25 370 25 0.78 059, 1.0 0.90 067,12
Q4 (:26.5) 81 17 31 25 0.53 039,072 085 0.47, 0.89
Trend-p 0.0001 0.02

Dietary fiber is inversely associated with risk of pancreatic cancer.

(Chan et al., 2007)




ans

(USDA, 2005)

The Wheat Bran Fiber Trial (US) (ntervention)

Table Y. Crude and adjusted odds ratios (ORs) and 95% confidence intervals (Cls) for adenoma recurmence by quartile of haseline dietary
fiber intake for the 1304 participants in the Wheat Bran Fiber tral

Median baseline dielary Now of participants with — No. of panticipants with ne

Quartile® fiber inlake. giday recurrence of adenomas recurrence of adenomas OR (95% C1) Adjusted OR (957 Ch¥ L
1 0.1 175 151 1.00 (referent) LAK) treferenty

2 153 158 16% 081 1060 10 1.10) 078 (L5610 1.12)

k) 00 144 177 (L73 10.53 10 00N 07610054 10 1 0K)

14 b fr ) 156 170 .79 (1158 10 1.08) 0831537 o 1L1DY M

No association is found between amount of fiber consumed and
adenoma recurrence.

(Jacobs et al., 2002)

Table 4. Crude and adjusied odds ratios (ORsp and 95% conlidence intervals (Cl5) for adennmi recurrence by quarlile of baseline dictary
libet intake from the leadiog scurces of fiber for the 304 parccipants in (e Wheal Bran Fiber tal

Total No. el No. of particizants with  No. of participante with no

Fibor scurce participants  fecurrence of adenomars recacrered of adencivas OR (9535 Ch Adjusied OR {956 CI* Py
Fauits, median gaday

15 Q1) 326 165 1€1 1 .00 creleren:y 1M} i seferent)

7 Qh 12 162 1€7 095 (7010 1 2% (.59 (0.63 10 1.25)

€202 n 1o 171 081 6361 1o 11D 0.86 (6010 1.21)

1154043 26 162 &4 096 97110 131 0.02 (06410 1.32) 62
Vegetaties, medan g/day

1.51QD ar 164 163 LN (relereniy 1.00 Greferent)

2700 s 157 148 093 (268 to 126) .98 (0. 7010 1.38)

14(Q% a6 144 182 079 (156 to 107 LR (06w 1.200)

€8 (Od) 12 173 153 112 D83 1o 1532 LA 0l 9n 2
Cerals. breads. and crackers,

median piday

14 Q1) 326 167 159 1.0C (relereni) 1K) (referent)

131Q2) 320 165 e 006 (.71 1w 13 092 (0165 101.29)

44 (O3 n 150 173 OBX ALt 112 QR (062 0 1.24)

B (O 20 156 170 087 (26410 119 0859w 119 31

Fiber intake, whether considered as a whole or from specific
sources, does not modify the effect of treatment group.

(Jacobs et al., 2002)

Wheat and cancer




Wheat bran and colorectal tumor:
The Wheat Bran Fiber Trial (US) (intervention)

TABLE 4. RisK OF RECURRENT ADENOMAS.*

ADJUSTED HiGH-  Low- ADJUSTED
FoLLow -up No. Hici-Fieen  Low-Fisen  OpDs RATIO Fisen  FiBEN RELATIVE RISk
PERIOD ANALYZED GRoup GRroup {95% CIl't Group Group {95% Cli¥
no.with =1 recurrent mean no. of

adesomas/total no. (%) recurrent adenomas

After random- 1303 338/719 299/584 0.88 0.61 0.57 0.99
ization (47.0) (51.2) (0.70-1.11) {0.71-1.36)

After colonos- 889 168/468 153/421 1.04 0.60 0.53 1.08
copy at 1 vear (35.9) (36.3) (0.79-1.38) {0.71-1.64)

Wheat bran fiber does not protect against recurrent colorectal
adenomas.

(Alberts et al., 2000)

Wheat bran and colorectal
Interventional trial for colorectal cancer prevention in
Osaka (Japan)

TABLE HI - RISK OF TUMOR OCCURRENCE WITH WHEAY BRAN BISCUITS

Year Wheat bran Notreatment Crule Adjusied
¢ (growpt A+ Chn=1%)  (uoups B Din = 1By 959 C OR 935 Cn'
Number of tumors
AL least one 2 119 (62.2%) 106 (56.1'%) 1.1 0.94-1.31) 1.31 .H7-1.98
& 106 (55.5%) 93 (49.2%) 1.13 (0.93-1.17) 1.31 (0.87-1.97:
22 i 37 (29.8%:) ol (31.7%) 094 (0.70-1.271 Y2 (.60-1.43
& 51(26.7%) 53 Q280%) 095 (.69-1.32) 95 0.60-1.50,
>4 b 11 (3.8%) 14 (7.4%) 0L7% WL30-167) 78 1.34-1.76
< 11(5.8%) 12(6.3%) 091 (0.41-2.00 91 (01.39-2,13
Nize ol Jargest wmor (mm)
=3 2 95 (49.75%:) &R (46.6%) 1.07 (0.87-1.32) 114 0.76-1.72;
4 97 (50.8%) T 40.2%) 1.26 (1L.0=-1.38) 1.57 (1.04-2.37"
>4 2 51{26.7%) 52(27.5%) 047 (0. 701 A5) .97 (.61-1.54:
£ 52(27.2%:) 51 (27.%%) 1o (0.73-1.40 102 .65-1.60;
=10 2 4(2.1%) 4(2.1%) 0499 (0.25-3.50) 10O (0).25-4.06;
& T3.7%) 0¢0.0%) — P <0.0”
Atypia of tumors
2 With moderate 2 64 (33.5%) 66 (34.99% ) 096 (0.73—-1.27) (194 .61-1 44"
“ T7(40.3%:) 74 (39.2%) 1.03 (0.80--1.32) 106 (0.70-1.60.

No significant difference in the development of new colorectal
tumors is observed with administration of wheat bran.
(Ishikawa et al., 2005)

Wheat bran and intestinal tumor: meta-analysis

Summary of dietary prevention of colorectal tumors in humans,
rats, and mice

Tuble 3
Summary of dietary prevention of colorectal tumours in rats, mice and bumans: Efficacy of agents to reduce polyp recurrence in hwnans, tumour
incalence in s, wad polyp number o mice

Agent or diel Humans, mean Caranogen mitinted ruts, calon fumsur Min mice. polyp number (small bowel)
polyp recurrence incidence
RR® A RR (953010 Rats/men P PR (95%C1" Mice/men A
Aspirin® 0.8557 4 086 (0.77-40.96) OK" [] 0.4 (0731150 LOK 7
fcaratenc 1o Ng! 4 0.72 (047108 )F OK 4 Ne study 0
Calzium 0.795 3 (.92 (0.85-1.00) OK 13 1.09-1.21 NO 1
Wheat Fran 0.96 NS 3 087 (0.77-0.97) 10K 12 0.64 (054 -0.84) NO 5

Rodent models roughly predict effect in humans.

(Corpet and Pierre, 2005)

Wheat bran and colon tumor: meta-analysis

Table 2

Meti-analyas of cremaprevantion stadies in enceirogen-mitkeded rats. desling with aspicie beta-carotene, cabium snd whent bran protecton

Treatment 2% 2 table: o of rats RR 95% C1 P valee
Wih wmsour Total

Wheat e wreated rats 7 595 Q83 07509 L0002

No wheat bra conuols 355 569 Q087 0.77-097 0.015

Wheat bran in high fat diets 0.79 0.06-6,93 0,006

Wheat bran in fow far dicis a9l 078107 0.26

Wheat bran reduces colon tumor incidence in rats.

(Corpet and Pierre, 2005)




Wheat bran fractions and colon tumor

Preventive Potential of Wheat Bran Fractions against Experimental Colon
Carcinogenesis: Implications for Human Colon Cancer Prevention'

Bandaru S. Reddy.? Yoshinobu Hirose, Leonard A. Cohen, Barbara Simi, Indrane Cooma, and Chinthalapally V. Rag

| Nidrivinal Curtinugesssia and Chemvpreveniivee Frogram, dmwricon etk Fowsdative, Talhallu Nen Tore 10565

[CANCER RESEARCH 60. 4792-4797, September 1. 2000]

The lipid fraction of wheat bran has strong colon tumor
inhibitor properties.

The modulation of tumorigenesis by this fraction is associated
with the alteration of iNOS and COX-2 activities.

iNOS: inducible nitrogen oxide synthase
COX-2: cyclooxygenase-2

Wheat bran oil and intestinal tumor

Wheat Bran Oil and Its Fractions Inhibit Human Colon Cancer
Cell Growth and Intestinal Tumorigenesis in Apc™™* Mice

SHENGMIN SANG.” TIHYEUNG JU.T JosHuA D. LAMBERT,” YonG Lin,:
JunciL Hone.” Mousumt Bost.” STEVEN WaNG." NaisHEnG BaLt Kax He.b
BANDARU S. REDDY.” CHI-TANG Ho.1 FREDERICK L' AND CHUNG S. YanG* !

Department of Chemical Biology, Ernest Mario School of Pharmacy, Rutgers University,

164 Frelinghuysen Road, Piscataway, New Jersey 08854-8020. Cancer Institute of New Jersey,
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Wheat aleurone flour and colon tumor

Wheat Aleurone Flour Increases Cecal -Glucuronidase Activity and
Butyrate Concentration and Reduces Colon Adenoma Burden in
Azoxymethane-Treated Rats

Graeme H. Mcintosh, Peter J. Royle and Greg Pointing’
CSIRO Health Sciences and Nutrition, Adelaide, SA 5000, Austrafia

J. Nutr, 131: 127-131, 2001,

Wheat germ extract and colon tumor

Wheat germ extract inhibits experimental colon carcinogenesis in
F-344 rats
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A wheat germ extract prevents colonic cancer in laboratory animals.




Wheat with high phenolic acids and intestinal tumor

Antitumor Activity of Wheats With High Orthophenolic Content

Kelly Drankhan, John Carter, Ron Madl, Carol Klopfenstein, Frank Padula, Yemen Lu,
Thomas Warren, Neil Schmitz, and Dolores J. Takemoto

NUTRITION AND CANCER. 47(2), 188-19z, 2003

When fiber content is equal in diets, the content of orthophenolic
acids in wheats predict the anti-tumor activity in vivo (Min mice).

Rye and cancer

Rye bran and colon tumor

Effects of soy or rye supplementation of high-fat diets on colon
tumour development in azoxymethane-treated rats

Margaret J.Davies, Elizabeth A.Bowey, Herman Carcinogenesis vol20 no.6 pp.927-931, 1999
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Rye bran supplementation decreases the frequency of colonic tumors.

Rye bran and intestinal tumor

Beef induces and rye bran prevents the formation of intestinal
polyps in Apc™i™ mice: relation to B-catenin and PKC isozymes

Marja Mutanenl' Anne-Maria Pajari and Carcinagenesis vol.21 no.6 pp 11671173, 2000
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The mice fed rye bran diet have the lowest number of polyps in'the
entire intestine.




Rye bran and intestinal tumor

Plasma enterolactone or intestinal Bifidobacterium levels do not
explain adenoma formation in multiple intestinal neoplasia (Min)
mice fed with two different types of rye-bran fractions

S. Oikarinen'*, S. Heinonen?, S. Karppinen®, J. Matté®, H. Adlercreutz?, K. Poutanen® and
M. Mutanen’
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British Journal of Nutrition (2003), 90, 119-125

The soluble extract of rye bran increases number and size of
adenomas in the distal small intestine.

Rye bran and intestinal tumor

Lignan Precursors From Flaxseed or Rye Bran Do Not Protect
Against the Development of Intestinal Neoplasia in Apc™ Mice

Henk J. van Kranen, Alicja Mortensen, Ilona K. Serensen, Jolanda van den Berg-Wijnands,
Rudolf Beems, Tarja Nurmi, Herman Adlercreutz, and Coen F. van Kreijl

NUTRITION AND CANCER, £5(2), 203-210, 2003

With the rye bran diet a statistically significant enhancement of the
number of small intestinal tumors in female mice is observed.

The number of colon tumors is comparable between the control and
rye bran-fed mice of either sex.

Oat and cancer

A Case-Control Study in San Francisco (US)

TABLE 2. Asscciation between consumption of whole-grain foods and risk of pancreatic cancer in
a population-based case-control study, San Francisco Bay Area, Califomia, 19951999

Whole grain (serving size) and Cases Controls Model 1* Model 2t
frequency of consumption Not %  Not % OR§ 95% CI§ OR 95% CI
'Cooked oatmeal or oat bran
(1 cup)
« 1/month 235 45 851 50 1.0 Referent 1.0 Referant
1/month~1/week 155 29 491 29 1.1 0.90, 1.4 1.2 094,15
>2hweek 136 26 359 21 i3 1.0, 1.7 1.3 1.0, 1.7
Trend-p 0.05 0.02

Consumption of cooked breakfast cereals (oatmeal/oat bran) is
positively associated with the risk of pancreatic cancer.

(Chan et al., 2007)




Oat bran and colon tumor

Wheat Bran Diet Reduces Tumor Incidence in a Rat Model of Colon
Cancer Independent of Effects on Distal Luminal Butyrate Concentrations'?
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Rats consuming oat bran have significantly more development of
colon tumors.

Large luminal butyrate concentration in the distal colon alone are
not protective of tumor development.

Rice and cancer

Tuble 1. Effsct of beef, cereul brans and inalin on tamor development in ihe small imestine and colon of Min mice, mean and SD
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The number of intestinal tumors is comparable between the control
and oat bran-fed mice.

(Mutanen et al., 2000)

A Case-Control Study in San Francisco (US)

TABLE 2. Association between consumption of whele-grain foods and risk of pancreatic cancer in
a population-based case-control study, San Francisco Bay Area, Califomia, 19951999

Whole grain (serving size) and Cases Controls Model 1* Model 21
Gl daciy ok conumgpton No# % Not %  OR§ 9% Ci§  OR 95% CI
Brown rice (1 cup)#
< 1/month 407 77 1,184 70 1.0 Referent 1.0 Referent
1/month—1/week 97 18 418 25 0.65 050,083 0.71 0.55, 0.93
2iweek 22 4 99 6 0.60 0.37, 0.97 0.72 0.44, 1.2
Trend-p 0.0003 0.01

An inverse association is observed between brown rice and risk of
pancreatic cancer.

(Chan et al., 2007)




Rice bran and intestinal tumor

Fvaluation of the cancer chemopreventive efficacy of rice bran in
genetic mouse models of breast. prostate and intestinal
carcinogenesis

RD Verschoyle!, P Greaves', H Cai', RE Edwards’, WP Steward' and A) Gescher™'
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British Journal of Cancer (2007) 96, 248 -254

Consumption of rice bran reduces numbers of intestinal adenomas in
Min mice.

The fibrous constituents of the bran mediate chemopreventive efficacy.

Rice bran hemicellulose and colon tumor

The water-soluble rice bran hemicellulose play a preventive
role in 1,2-dimethylhydrazine (DMH)-induced large bowel
carcinogenesis in Fischer 344 rats.

(Aoe et al., 1993)

Tricin from rice bran and intestinal tumor

The rice bran constituent tricin potently inhibits

cyclooxygenase enzymes and interferes with
intestinal carcinogenesis in Apc™" mice
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Rice bran oil and liver tumor

Suppression of diethylnitrosamine and
2-acetylaminofluorene-induced hepatocarcinogenesis in
rats by tocotrienol-rich fraction isolated from rice bran oil
J Igbal', M Minhajuddin? and Z H Beg®

European Journal of Cancer Prevention 2004, 13:515-520

Tocotrienol-rich fraction of rice bran oil reduces cancer risk by
preventing hepatic lipid peroxidation and protein oxidation damage
due to its antioxidant actions.




Rice germ and colon tumor

Dietary prevention of azoxymethane-induced colon carcinogenesis
with rice-germ in F344 rats
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Dietary exposure to rice germ during the initiation phase significantly
reduces the incidence of colonic adenocarcinoma.

A significant anticancer property of rice-germ preparations may be
partly due to their antiproliferative effects.

Adlay and cancer

Adlay seed and lung tumor

Antiproliferative and Chemopreventive Effects of Adlay Seed on
Lung Cancer in Vitro and in Vivo

Hul-CHIU CHANG.' YU-CHUN HUANG.} AND WEN-CHUN HUNG*$

Department of Physiology, Graduate Institute of Medicine, and School of Technology for Medical
Sciences, Kaohsiung Medical University, Kaohsiung 807, Tarnwan. Republic of Chuna

J. Agric. Food Chem. 2003, 51, 36563660

Feeding with diet containing powdered adlay seed reduces the number
of surface lung tumors.

Adlay seed and lung tumor

Methanolic Extract of Adlay Seed Suppresses COX-2
Expression of Human Lung Cancer Cells via Inhibition of Gene
Transcription

WEN-CHUN HUNG' AND HUI-CHIU CHANG*

School of Technology for Medical Sciences and Department of Physiology, Kaohsiung Medical
University, Kaohsiung 807, Tarwan. Republic of China

J. Agric. Food Chem, 2003, 51, 7333-7337
Treatment of the methanolic extract of adlay seed reduces the PGE,

level in serum and inhibits COX-2 expression of tumor tissues in nude
mice.

P-GEZ: prostaglandinE,




Dehulled adlay and colon tus

Effects of adlay on azoxymethane-induced colon
carcinogenesis in rats
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Dehulled adlay significantly reduces the number of colonic aberrant
crypt foci (ACF).

Rats fed dehulled adlay have less COX-2 protein expression in tumors.

Isolation and characterization of new lactam compounds
that inhibit lung and colon cancer cells from adlay
(Coix lachryma-jobi L. var. ma-yuen Stapl) bran
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Anti-cancer components in
whole grains

Active components in whole grains

N

Fibre - Microflora

Vitamins and

minerals ‘

Unsaturated
fatty acids

Tocotrienols Phytin

Phytosterols Sphingolipids
(Slavin, 2003)

Antioxidants

Lignans




Dietary fiber

Table 1. Possible mechanisms for the proective action of
cietary fibre on colorectal oncogenesis

Physteal

Increased bulk and dilution of carcinogen
Decreasec contact time due to more rapid transit
Birding of carcinogen

Birding of bile salts

Prebiatic and metabolic action of flora

Alteration of colonic microflora; numbers and species balance
Inhibition of carcinogen activation

Stimulation of flora to increase bulk

Alteration of bile salt metabolism to reduce conversion to second-
ary bile salts

Fermenmative

Lowering of pH

Reduced solihbility ofhile salts

Increased production of SCFAs, especially butyrate

Merabolic
Reduced insulin resistarce and hyperiasulinacmia

(Young et al., 2005)

Inhibition of carcinogen activation

Induction of phase II enzymes
Inhibition of arachidonic acid metabolism

Modulation of oncogenes, tumor suppressor genes,
and signal transduction pathways

Antioxidative properties

H i 2
R X Xa= /1-,{=)k01~t Xb= HH)‘\‘JH
R R, b
1 Xc= EHJLH

(Robbins, 2003)
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(Surh, 1999)

Flavonoids

Antioxidative activity
Anti-inflammatory activity
Anti-proliferative activity
Inhibition of bioactivating enzymes

Induction of detoxifying enzymes
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Ooioxmcnﬂon
Pro-ca;cmogm -

Hetsbolicactvaton l/ Flavonoids: B!ocking agema

_ wmn-{:—”( i+ suvene EGCG, Quercetin, ECG, EGC,

: 7-hydroxyflavone, Galangin,

{ _________ : ~ Kaempferol, Luteolin,
Initiation Pmmotion
@ 1-2 days . > 10 years

Notmal Call 3 Initiated Cell

.........................................................

Flavonolds. suppm;sing agents

'EGCG, Quercetin, Myﬁcmm ’
Kaampiarol, Genistein,
_ Resverattol, Daidzein

(Kale et al., 2008)

Gene function

Interference with signal transduction by blocking
phosphatidyl inositol 3 kinase

Stimulation of p53 suppressor gene

Stimulation of tumor suppressor gene p2|
WAF1/Cip|

Decreasing mitosis by arresting proliferation in
the GO/G | phase

Enhanced immunity
Increase NK cell function
Antagonizing fibrablast growth factors
Artioxidant properties

Forms an iron chelate thereby inhibiting iron
mediated oxidative reactions

(Fox and Eberl, 2002)

Phytosterol

SIT r
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FIGURE 2 Propesed mechanism by which f-sitosterol inhibits
tumor growth and stimulates apoptosis. Abbreviations: SIT, g-sitoster-
ol; SPh Bphmgomyahn PP2A, protein phoaphmase 2A; SPh-ase,

; SPh-

5 i . (Awad and Fink, 2000)

Vitamin E

B Antioxidative activity
B Maintaining selenium in the reduced state

B Inhibition of nitrosamines formation




B Antioxidative activity

Selenium (Se¢)

B Suppressive action on cell proliferation

B Cytotoxic and growth inhibitory effects against tumor
cells
B [Immnne-modulatory effects

B Binding to bile acids

B Normalization of epithelial cell proliferation

Triterpene aglycones Stervid sglycone
Dlosgenin

(Rao and Sung, 1995; Guclu-Ustundag and Mazza, 2007)

Components in whole grains and the microflora

‘Healthful’ microflora

|(

Grain
fibre

Cell-bound
phytonurients

Lignans

Bound
antioxidants

Phytin

11171117

Sphingolipids

[l

>

panil

Short-chain
fatty acids

‘Free’
phytonutrients

Phyto-oastrogens

‘Free’
antioxidants

Inositol

Sphingosine

Epithelium,
cholesterol
synthesis

Rraast, calon,
prostate cancer

Epithelial
protection

- Cell reversion
‘ Call growth,

cholesterol synthesis

(Slavin, 2003)

The whole is greater than
the sum of the parts!




