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Colorectal cancer is now the third leading cause of cancer mortality among men and women
in Taiwan. Colorectal adenomas are considered precursors of colorectal cancer, prevention of
colorectal adenomas may decrease the occurrence of colorectal cancer. Vitamin B and folate may
play a critical role in the colorectal polyps progression. The specific aims of this proposal are: 1)
to compare folate and vitamin Be status between colorectal hyperplastic polyps adenomatous
polyps; 2) to compare and evaluate folate and vitamin Be status in relation to oxidative stress,
antioxidant activities; 3) to evaluate the effect of vitamin Bs and folate status on the risk of
colorectal polyps; 4) to evaluate whether folic acid and/or pyridoxine supplementation had a
beneficial effect on reducing oxidative stress, increasing antioxidant function and
DNAmethylation in patients with colorectal adenomas.

This study was an observational case-control design. Forty-eight participants with colorectal
polyps [29 adenomatous polyps , 19 hyperplastic polyps (HP)] and 96 age-, sex-matched healthy
participants who met the inclusion criteria were recruited from Chung Shan Medical University
Hospital and Taichung General Veterans Hospital. Fasting blood was drawn from each participant
to measure hematological and biochemical parameters (plasma and erythrocytes pyridoxal
5’-phosphate (PLP), serum and erythrocytes folate, serum vitamin B;,, and plasma homocysteine).
Subjects with polyps were blinded and randomly assigned to either the 1) 100 mg/d vitamin B¢ (n
=9);2) 5 mg/d folic acid group (n=9); or 3) vitamin B¢ (100 mg/d) plus folic acid (5 mg/d)(n=6)
for 12 weeks.

Participants with AP and HP had significantly higher plasma homocysteine levels than did
healthy participants. There was no significant difference in serum folate and vitamin B, and
plasma PLP among the three groups. B-vitamins had no significant effect on the risk of
developing colorectal polyps. However, participants with higher plasma homocysteine (OR, 2.23;
95% CI, 1.23-4.03) level exhibited significantly increased risk of developing colorectal polyps
after adjusting for body mass index, diastolic blood pressure, total cholesterol and B-vitamins.
There were no significant effect on DNA methylation, oxidative stress, antioxidant enzymatic
activities, TBARS and oxidized low density lipoprotein levels among three groups after treated
either vitamin Bg or folic acid supplements. However, plasma homocysteine level has reduced by
14.2% in the folic acid group.

In conclusion, plasma homocysteine was a strong predictor for risk of developing colorectal
polyps in subjects with adequate B-vitamins status. Treatment with 5 mg/d folic acid 12 weeks

could significantly decrease plasma homocysteine level.

Keywords: colorectal polyps, vitamin Bg, folate, DNA methylation, antioxidant activities
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Table 1. Characteristics of healthy participants and participants with colorectal polyps

Colorectal polyps
(n =48) Healthy subjects
Yy subj
Characteristics Adenomaﬁous polyps Hyperplaitlc polyps (n=96)
(n=29) (n=19)
mean SD mean SD mean 5D
Age (y) 53.9 10.5 55.4 7.2 54.5 9.4
Gender (Female / Male) 6/23 6/13 24 /172
Height (cm) 165.3 8.7 164.7 6.3 164.7 7.8
Weight (kg) 67.6 10.4 68.9 7.0 64.6 10.6
Body mass index (kg/m”) 24.7 2.6 25.4 2.3 23.7 3.1
Blood pressure (mmHg)
Systolic 149.0° 16.4 133.3% 17.2 118.0° 17.3
Diastolic 95.8° 27.6 91.0° 13.0 74.1° 11.0

Numbers of polyps (n, %)

1 (n= 19, 65.5%)
2 (n=5,17.2%)
4 (n=4,13.8%)
17 (n= 1, 0.03%)

1 (n=17, 89.5%)
2 (n=1,0.05%)
5(n=1,0.05%)

0 (n =96, 100%)

Smoking (n, %)

12 (41.4%)

4 (21.1%)

19 (19.8%)

Values with different superscript letter are significantly different among three groups; p < 0.05.



Table 2. Hematological measurements and levels of homocysteine and B-vitamins in healthy
participants and participants with colorectal polyps

Colorectal polyps
(n=48) Health
- y
Characteristics Adenomatous polyps Hyperplastic polyps participants
(n=29) (n=19) (n=196)
mean SD mean SD mean SD
Lipid profiles
Triglycerides (mmol/L) 2.2° 3.1 1.6 0.6 1.2° 0.8
Cholesterol (mmol/L)
Total 5.4° 1.4 4.9* 0.7 48" 09
LDL 3.5° 0.9 3.4 0.6 2.7° 0.9
HDL L1° + 0.4 11° 0.3 1.6° 04
Hs-CRP (mg/dL) 0.2 0.4 0.3 1.0 0.1 0.3
Serum glucose (mmol/L) 5.9 2.6 5.9° 2.7 5.5° 1.7
Serum creatinine (umol/L) 83.5%° 27.9 82.4° 2.7 94.9° 138
Homocysteine (umol/L) 14.2° 5.5 14.5° 7.4 9.8 2.1
0
> 14 pmol/L (n, %) 10, 34.5% 7,36.8% 3,0.03%
Plasma PLP (nmol/L) 111.0 101.2 141.9 149.0 1353 1184
<2 /L (n, ©
0 nmol/L (n, %) 0, 0% 0, 0% 0, 0%
Serum folate (nmol/L) 23.9 17.2 18.6 9.0 19.7 11.0
< 6.8 nmol/L (n, %) 2,6.9% 2,10.5% 1, 1.0%
Serum vitamin B-12 (pmol/L)  333.6 188.9 354.6 162.1 373.0 205.4
0
< 125.5 pmolL (n, %) 5,17.2% 2,10.5% 0, 0%

Values with different superscript letter are significantly different among three groups; p < 0.05.



Table 3. The associations between plasma homocysteine, B-vitamins and numbers of colorectal

polyps

Numbers of colorectal Plasma homocysteine

polyps (No.)' (umol/L)?
(n=144) (n = 144)
£ (p value)

Plasma homocysteine (umol/L)

Model 1° 0.05 (<0.001) —

Model 2* 0.12 (<0.001) —

Model 3’ 0.11 (0.001) _
Number of colorectal polyps (No.)

Model 1 — 0.86 (<0.001)

Model 2 — 0.81 (<0.001)

Model 3 _ 0.72 (0.001)
Smoking (yes/no)

Model 1 0.43 (0.007) 1.34 (0.109)

Model 2 0.68 (0.047) 0.69 (0.435)

Model 4° 0.60 (0.065) 0.25 (0.781)
Serum folate (nmol/L)

Model 1 0.01 (0.336) -0.13 (0.056)

Model 2 -0.03 (0.277) -0.12 (0.078)

Model 4 -0.01 (0.561) —

Model 5’ — -0.08 (0.239)
Serum vitamin Bj, (pmol/L)

Model 1 -0.00 (0.309) -0.00 (0.003)

Model 2 -0.00 (0.080) -0.00 (0.009)

Model 4 -0.00 (0.299) —

Model 5 — -0.00 (0.079)
Plasma PLP® (nmol/L)

Model 1 -0.00 (0.570) -0.00 (0.208)

Model 2 -0.00 (0.503) -0.00 (0.156)

Model 4 -0.00 (0.768) —

Model 5 - -0.00 (0.561)

"Multiple linear regression analysis with numbers of colorectal polyps as the dependent variable
after adjusting potential confounders. S, regression coefficient.

* Multiple linear regression analysis with plasma homocysteine concentration as the dependent
variable after adjusting potential confounders.

*No confounders were adjusted.

*Adjusted for age and gender, body mass index, diastolic blood pressure, serum total cholesterol
and creatinine.

>As in model 2 and additionally adjusting for the three B-vitamins (i.e., folate, vitamin B, and
PLP).

%As in model 2 and additionally adjusting for plasma homocysteine.

’As in model 2 and additionally adjusting for numbers of colorectal polyps and the other two
B-vitamins.

PLP, pyridoxal 5’-phosphate.



Table 4. The odds ratios (ORs) for risk of colorectal polyps

No adjusted BMI-, DBP-, TC-, creatinine-, smoking and/or
hcy-, folate-, PLP, vitamin B,,- adjusted
OR 95% CI P OR 95% CI P
Homocysteine (umol/L) 1.80 1.37,2.38 <0.0001 1.87 1.13,3.08 0.01
Plasma PLP (nmol/L) 1.00 1.00, 1.00 0.71 1.00 0.99, 1.01 0.45
Serum folate (nmol/L) 1.04 0.97, 1.11 0.30 1.07 091, 1.27 0.41
Serum vitamin B, (pmol/L) 1.00 1.00, 1.00 0.63 1.00 0.99, 1.01 0.93

BMI, body mass index; DBP, diastolic blood pressure; TC, total cholesterol; hcy, homocysteine; PLP, pyridoxal 5’-phosphate.
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Table 1. Characteristics of vitamin B-6 and folic acid supplement groups'

Vitamin B-6 group Folic acid group The combination group
Characteristics (n=9) (n=9) (n=6)
Age (y) 52.7+3.8 50.6 + 2.6 48.5+10.3
Gender (Female / Male) 3/6 1/8 2/4
Height (em) 166.9 + 3.8 165.5 2.2 166.3 + 8.1
Weight (kg) 69.1 = 4.6 68.0%2.1 71.8+16.8
Body mass index
2

(kg/m’) 24.5+0.8 250+ 1.0 245434
Blood pressure (mmHg)

Systolic 149.8 +£12.1 139.4 +7.519 129.8 +18.6

Diastolic 944 +32 942+ 8.0 83.7+10.4

'Values are means + standard deviation. Values with different superscript letter are significantly
different among three groups; p < 0.05.



Table 2. Hematological measurements of vitamin B-6 and folic acid supplement groups '

Vitamin B-6 group Folic acid group The combination group
Characteristics (n=9) (n=9) (n=06)
Week 0 Week 12 Week 0 Week 12 Week 0 Week 12
Lipid profiles
Triglycerides (mg/dL) 161.8 £ 27.7 158.1 £ 29.3 170.1 £ 61.0 201.8 £ 69.8 133.2 £ 65.6 121.5 £ 80.5
Cholesterol (mg/dL)
Total 191.2+9.9 159.1+£49 213.7+£26.6 172.6 +17.7" 183.8 + 31.1 188.5 + 20.4
LDL 138.1 +£11.9 91.4+7.8 141.6 £ 18.9 995+ 11.5 121.6 + 36.9 112.0 £ 19.6
HDL 43.0+54 49.1 +£6.6 49.1 £ 6.6 38.8+3.3 432 + 11.9 522+ 14.0
Hs-CRP (mg/dL) 0.3 £ 0.1 0.2 £ 0.1 03 £ 0.2 0.3 £ 0.1 0.1 £ 0.1 0.1 £ 0.1
Serum creatinine 1.0+0.1 0.9+0.1 0.9+0.1 1.1+0.0 0.920 £ 0.228 0.967 + 0.186
(mg/dL)

1 ..
Values are means + standard deviation.

*Values with superscript letter are significantly different among weeks; p < 0.05. LDL, low-density lipoprotein. HDL, high-density lipoprotein.
Hs-CRP, high sensititve C-reactive protein



Table 3. Response of plasma PLP and serum folate to vitamin B-6 and folic acid supplement at week 0, week 4 and week 12"

'Values are means + standard deviation. Values with different superscript letter are significantly different among three groups; p < 0.05.

Colorectal polyp risk Vitamin B-6 group Folic acid group The combination group
factors (n=9) (n=9) (n=06)
Week 0 Week 4 Week 12 Week 0 Week 4 Week 12 Week 0 Week 4 Week 12
Homocysteine (umol/L)  12.6 £ 0.6 153 + 34 14.0 £ 1.0 147 + 1.5° 125 + 3.5° 126 + 1.2° 145 £ 45 145 £ 5.1 14.8 + 3.7

Plasma PLP (nmol/L) 97.7 + 17.9° 340.5 + 157.9° 4343 + 923" 88.1 + 19.3* 456 + 25.1° 55.1 £ 10.8° 176.0 £ 183.8 1769 £ 1642 264.5 £ 179.7

Serum folate (ng/mL) 98 + 1.7° 8.8 + 5.8 6.7 £ 1.3° 6.7 0.8  69.1 £ 77.6° 353+ 11.9° 8.3 1 4.5° 16.4 £ 3.0 443 % 33.0°

RBC folate (ng/mL) 529.9 +133.7° 485.2 + 142.8™ 439.6 + 116.8° 398.9 * 762" 537.2 + 249.0°° 719.5 + 3052 5784 * 149.3* 666.4 + 173.2° 862.8 + 173.8"

Vitamin B, (pmol/mL) 514.6 + 136.1 480.8 £ 160.1 847.9 * 1489.4 462.9 + 152.1 4013 * 123.8 3624 + 1562 309.6 £ 3204 1758 £ 127.5 3562 * 267.8

DNA methylation (%) 7.1 £ 3.3*° - 155+ 19* 96+ 9.7 - 17.0 + 4.3° 19.3 + 11.1° - 145+ 7.1°

**“Values with superscript letter are significantly different among weeks; p < 0.05. PLP, pyridoxal 5’-phosphate



Table 4. Response of lipid oxidation and antioxidant enzymes to vitamin B-6 and folic acid supplement at week 0, week 4 and week 12"

Colorectal polyp risk Vitamin B-6 group Folic acid group The combination group
factors (n=9) (n=9) (n=106)

Week 0 Week 4 Week 12 Week 0 Week 4 Week 12 Week 0 Week 4 Week 12

+ + + + + + + + +

TBARS (uM) 0.7x0.2 0.7 £ 0.1 0.7 £ 0.2 0.7 £ 0.2 0.7 £ 0.1 0.8 £ 0.2 0.8 £ 0.1 0.7 £ 0.1 0.7 £ 0.1
Ox-LDL (U/L) 390 £ 99 120 £ 6.6 315 £ 134 454 + 236 112 + 35 374 + 127 369 * 153 124 £ 1.7 39.0 £ 15.1
GST activity 3610 68*113 82126 52 %3l 34 %18 70£72  78%99 109 £ 5.1 14.0 £ 45
(nmol/min/mL)
GPX activity 86.9 + 18.1 803 £ 19.7 683 + 209 941 + 182 88.5 + 17.9 70.0 £ 340 849 + 573 555 %178 65.1 + 18.1
(nmol/min/mL)
SOD (U/mL) 8.9 + 42 38.1 £5.5 13.6 £ 9.9 9.9 *+ 32 37.1 £ 11.1 142 £ 6.1 139 £ 6.3 36.4 £ 13.1 11.1 £ 1.9

'Values are means + standard deviation. Values with different superscript letter are significantly different among three groups; p < 0.05.
TBARS, thiobarbituric acid reactive substances. Ox-LDL, oxidative low density lipoprotein. GST, glutathione S-transferase. GPX, glutathione
peroxidase. SOD, superoxide dismutase.
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