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BACKGROUD/OBJECTIVES: The objective of this study was to investigate the effects of vitamin C on inflammation, tumor development, 
and dysbiosis of intestinal microbiota in an azoxymethane (AOM)/dextran sulfate sodium (DSS)-induced inflammation-associated 
early colon cancer mouse model. 
MATERIALS/METHODS: Male BALB/c mice were injected intraperitoneally with AOM [10 mg/kg body weight (b.w)] and given 
two 7-d cycles of 2% DSS drinking water with a 14 d inter-cycle interval. Vitamin C (60 mg/kg b.w. and 120 mg/kg b.w.) 
was supplemented by gavage for 5 weeks starting 2 d after the AOM injection. 
RESULTS: The vitamin C treatment suppressed inflammatory morbidity, as reflected by disease activity index (DAI) in recovery 
phase and inhibited shortening of the colon, and reduced histological damage. In addition, vitamin C supplementation suppressed 
mRNA levels of pro-inflammatory mediators and cytokines, including cyclooxygenase-2, microsomal prostaglandin E synthase-2, 
tumor necrosis factor-α, Interleukin (IL)-1β, and IL-6, and reduced expression of the proliferation marker, proliferating cell nuclear 
antigen, compared to observations of AOM/DSS animals. Although the microbial composition did not differ significantly between 
the groups, administration of vitamin C improved the level of inflammation-related Lactococcus and JQ084893 to control levels. 
CONCLUSION: Vitamin C treatment provided moderate suppression of inflammation, proliferation, and certain inflammation-related 
dysbiosis in a murine model of colitis associated-early colon cancer. These findings support that vitamin C supplementation 
can benefit colonic health. Long-term clinical studies with various doses of vitamin C are warranted.
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INTRODUCTION2)

The prevalence of colorectal cancer (CRC), which was the third 
major cause of cancer death in both men and women in the 
U.S.A in 2016 [1], has been attributed to so called westernized 
diet combined with unhealthy life style [2]. Chronic inflam-
mation is one of the key risk factors of CRC. In particular, 
patients with inflammatory bowel disease (IBD), including 
ulcerative colitis (UC) or Crohn’s disease (CD), are at elevated 
risk of developing colon cancer [3]. The infiltration of neutrophil 
and other immune cells that accompany inflammation damages 
colonic tissue and may trigger changes to the colonic mucosa 
that facilitate the progression of low-grade dysplasia and to 
high grade dysplasia, and, ultimately, to carcinoma [4]. 

A carcinogen, azoxymethane (AOM), and a proinflammatory 
agent, dextran sodium sulfate (DSS), are used to produce an 
inflammation-associated in vivo CRC model [5]. DSS triggers 
inflammation by inducing DNA damage, which is associated 
with the development of adenomas [6]. Because various 

proinflammatory mediators and cytokines are involved in the 
pathogenesis of CRC [5,7,8], proinflammatory cytokine suppression 
represents an attractive strategy for treating inflammation- 
associated CRC. 

Gut microbiota play important roles in the digestion of 
otherwise inaccessible nutrients, gut epithelium repair, immune 
system development, fat storage, and nervous system changes 
[9,10]. The human gastrointestinal tract has about 10-100 trillion 
microorganisms [9], the composition of which is affected by 
diet. Perturbation of the normal gut microbial balance, a 
condition known as dysbiosis, can disrupt the intestinal barrier 
function, including its associated immune function, which can 
lead to auto-immunity and thus chronic inflammation [11]. 
Indeed, dysfunctional interactions between gut microbiota and 
the mucosal immune system are risk factors for IBD, CRC, and 
other inflammatory diseases [12]. 

Pyrosequencing techniques have made it possible to amplify 
bacterial genes and examine microbiome richness and diversity. 
In particular, the 16S rRNA gene has regions that are highly 
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conserved and amenable to polymerase chain reaction (PCR) 
[13]. Pyrosequencing data have been used to elucidate host- 
microbiome interaction, including the conversion of healthful 
bacteria into disease-driving ones. Various therapies have been 
used to treat dysbiosis, including probiotics, prebiotics, fecal 
microbiota transplantation, and dietary interventions. In particular, 
the effects of polyphenols and water soluble vitamins on 
modulation of gut microbiota and their host interactions have 
been studied [14,15]. 

Vitamin C is a water soluble vitamins that is well known for 
its anti-oxidant activity. It is an essential nutrient for human 
being, due to the loss of functional gulonolactone oxidase, 
which biosynthesizes vitamin C from glucose [16]. Vitamin C 
has been reported to be protective against numerous diseases, 
including diabetes, cancer, vascular diseases, and eye diseases, 
and among others [17]. Notably, substantial epidemiologic 
evidence suggests that vitamin C-rich foods protect against the 
development of several cancers [18]. Low plasma levels of 
vitamin C have been associated with morbidity and mortality 
risk [19]. The anti-inflammatory function of vitamin C has been 
shown to be helpful in the treatment of in Helicobacter pylori 
infection, post-cardioversion inflammation, and acute inflam-
mation of the cornea [20-22]. Recently, it was reported that 
vitamin C injection reduced oxidative stress and inflammation 
by regulating proinflammatory cytokines in DSS-induced acute 
colitis model mice [23]. 

Several studies have reported the effect of antioxidants on 
intestinal dysbiosis. Dietary polyphenols, major antioxidants 
interplayed with gut microbiota and exerted prebiotic-like 
activities on microbiota. In particular, (-)-Epigallocatechin-3- 
gallate (EGCG) suppressed DNA damage and lowered Firmucutes/ 
Bacteroidetes ratio which was increased by high fat diet feeding 
[24]. An antioxidant blend, including, vitamin C, vitamin E, tea 
polyphenols, lipoic acid, and microbial antioxidants fermented 
by bacillus, etc restored the microbiota such as Lactobacillus 
and Biofidobacterim counts in early weaned piglets [25]. 
However, the potential effects of vitamin C on colitis- associated 
early-stage colon cancer and associated microbiota have not 
been clarified. Therefore, the aim of the present study was to 
investigate the ability of vitamin C to prevent colitis- associated 
colon cancer through regulation of inflammation and intestinal 
dysbiosis.

MATERIALS AND METHODS

Animals and diet
Five-week-old male BALB/c mice (Central Lab. Animal Inc., 

Seoul, Korea) were acclimated for a week and randomized into 
four groups: 1) Control (n = 9); 2) AOM/DSS-induced colon cancer 
(CC; n = 12); 3) AOM/DSS + 60 mg/kg body weight (b.w.) of 
vitamin C (V60; n = 11), 4) AOM/DSS + 120 mg/kg b.w. of 
vitamin C (V120; n = 11). All animals were fed an AIN-93G 
purified rodent pellet diet (Unifaith Inc., Seoul, Korea) ad libitum. 
Animals were housed individually under standard laboratory 
conditions (22 ± 2°C, 50 ± 5% humidity, and a 12 h/12 h light/ 
dark cycle). Body weight and food intake were monitored twice 
a week throughout the experiment. At the end of the experiment, 
all mice were sacrificed and their whole colons were collected. 

Colon length was measured with an electronic digital caliper 
and colon tumors were counted. Colon tissues were stored at 
-80°C. This study protocol was reviewed and approved by the 
Institutional Animal Care and Use Committee of Ewha Womans 
University (No. 16-001).

AOM/DSS-induced colitis-associated early colon cancer model
AOM/DSS-induced colon cancer is well established model that 

is commonly used in experimental colitis and colitis-associated 
CRC studies [5,26]. To induce inflammation and colon cancer, 
all mice in the CC, V60, and V120 groups were injected 
intraperitoneally with 10 mg/kg b.w. of AOM (Sigma-Aldrich, 
Dallas, TX). Two 7-d cycles of DSS (36-50 KDa, MP Biomedicals, 
Costa Mesa, CA; 2% in drinking water) were administered with 
2 weeks of normal drinking water given in between the cycles. 
Vitamin C powder was obtained from Kwang-Dong Pharmaceutical 
Co., Ltd., (Seoul, Korea) and prepared fresh in distilled water 
on the day when it was given to mice. For mice in the V60 
and V120 groups, vitamin C solution was administered daily by 
gavage for a total of 5 wks, starting 2 d after the AOM injection 
and continuing until the final day of experiment. 

Disease activity index (DAI) analysis
DAI scoring of colitis signs (weight loss, fecal bleeding, and 

stool consistency) was conducted as described previously [27] 
with the scoring criteria described by Okayasu et al. [28]. DAI 
scores were determined at the beginning of the first DSS 
administration cycle and every other day thereafter until the 
end of the experiments. Each bi-daily DAI score was the average 
of scores for each of the aforementioned three signs. 

DAI = (Stool consistency + Fecal bleeding + Weight loss) / 3

Histopathology
The distal colon samples (to 1 cm above the anus) were fixed 

in 10% neutral-buffered formalin. After 24 h, samples were 
embedded in paraffin for tissue sectioning. Sections (4 μm) were 
stained with hematoxylin and eosin (H&E) in accordance with 
the standard histology procedures [29]. 

Real-time PCR analysis
Total RNA from the middle and distal regions of the colon 

were extracted with TRIzol reagent (Invitrogen, Carlsbad, CA). 
cDNA was synthesized by reverse transcription of 1 μg of each 
RNA sample with a RevertAid First Strand cDNA synthesis kit 
(Fermentas, Vilnius, Lithuania). Real-time quantitative PCR was 
performed with Power SYBR Green PCR Master Mix (Qiagen, 
Hilden, Germany) and target gene-specific primers. cDNA samples 
were analyzed by a Rotor-Gene real-time analyzer (Qiagen, 
Austin, TX). The PCR protocol was as follows: initiation at 95°C 
for 5 min, denaturation at 95°C for 15 s, annealing at 60°C for 
30 s, and extension at 72°C for 10 s. The primers sequence were 
as follows : 5′-TGT GCA ATG GCA ATT CTG AT-3′ (forward), 
5′-GGT ACT CCA GAA GAC CAG AGG A-3′ (reverse) for 
Interleukin (IL)-6 (IL-6); 5′-ATG GCA ACT GTT CCT GAA CTC AAC 
T-3′ (forward), 5′-CAG GAC AGG TAT AGA TTC TTT CCT TT-3′ 
(reverse) for IL-1β; 5′-TAC GCC ACA GAG AAG AAG A-3′ 
(forward), 5′-TGG CCT CCA GTA ACC AAT TG-3′(reverse) for 
tumor necrosis factor-alpha (TNF-α); 5′- CAA CTT CAA GGG AGT 
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(A)

(B)

Fig. 1. Effects of vitamin C supplementation on DAI score. DAI scores reflect weight 
loss, stool consistency, and fecal bleeding. (A) Bi-daily group DAI scores. (B) Analysis of 
day 16th, DAI scores among the Control, CC, V60, and V120 groups. Mean ± SEM are 
shown (Control, n = 9; CC, n = 12; V60 and V120, n = 11 per group). One-way ANOVAs 
and Newman-Keuls’ post hoc tests were performed (P < 0.05). CC, AOM/DSS- induced 
colon cancer; V60, AOM/DSS + 60 mg/kg body weight (b.w.) of vitamin C; V120, 
AOM/DSS + 120 mg/kg b.w. of vitamin C.

(A)

(B)

Fig. 2. Effects of vitamin C supplementation on colon length and histology in 
colitis-associated colon cancer. (A) Colon length was measured and compared among 
four groups. Mean ± SEM are shown (Control, n = 9; CC, n = 12; V60 and V120, n = 11 
per group). One-way ANOVAs and Newman-Keuls’ post hoc tests were performed (P <
0.05). (B) Representative histologic sections of distal colon from among four groups. 
Glandular epithelium destruction (arrow head), neutrophil infiltration (arrow) or submucosa 
extension (S) were shown. HE stain, bar = 100 μm. Magnification, upper 100x, lower 200x 
CC, AOM/DSS-induced colon cancer; V60, AOM/DSS + 60 mg/kg body weight (b.w.) of 
vitamin C; V120, AOM/DSS + 120 mg/kg b.w. of vitamin C.

CTG GA-3′ (forward), 5′-AGT CAT CTG CTA CGG GAG GA-3′ 
(reverse) for cyclooxygenase-2 (COX-2); 5′-ACT TCC ACT CCC 
TGC CCT AT-3′ (forward), 5′-GTT GCA AGC TGT CTC CTT CC-3′ 
(reverse) for microsomal prostaglandin E synthase-2 (mPGES-2); 
5′-GAG AGC TTG GCA ATG GGA AC-3′ (forward), 5′- AGG TAC 
CTC AGA GCA AAC GT-3′ (reverse) for proliferating cell nuclear 
antigen (PCNA); 5′-TGT GAG GCA GAT GCT CAG TG-3′ (forward), 
5′-AAC TTT GGC ATT GTG GAA GG-3′ (reverse) for glyceraldehyde 
3-phosphate dehydrogenase (GAPDH); 5′-GAT CTG GCA CCA 
CAC CTT CT-3′ (forward), 5′-GGG GTG TTG AAG GTC TCA AA-3′ 
(reverse) for β-actin. mRNA levels were normalized to GAPDH 
and β-actin. The data are reported as Ct values and relative 
mRNA levels were quantified based on the 2-ΔΔCT model.

Genomic DNA extraction
Fecal samples were collected from each mouse 1 d before 

the mice were sacrificed, frozen immediately in nitrogen liquid, 
and then stored at -80°C. DNA was extracted from feces with 
a Fast DNA SPIN Kit (MP BIO, Santa Ana, CA) according to the 
manufacturer’s instructions. Genomic DNA samples were 
dissolved in elution buffer (minimum volume, 50 μL) and optimal 
density at 260 nm was determined and DNA purity was confirmed 
based on the absorbance ratio at 260 nm and 280 nm.

Pyrosequencing and sequence analysis
The V3-V4 variable regions of 16S rRNA were targeted and 

amplified by PCR with barcode primers (27F and 518R). The 
following microbiome analysis steps were followed: barcode 
sorting, quality prescreening, trimming primer sequences, remo-
ving non-target sequences, assemble sequence for de-noise, 
taxonomic assignment, and chimera checking. The mechanisms 
were processed in Illumina Miseq software (ChunLab, Inc., Seoul, 
Korea). Operational taxonomic units (OTUs) were determined 
by XOR analysis in the CL community program (Chunlab Inc, 
Seoul, Korea). Microbiota were classified toxonomically based 
on the ExTaxon-e database with a 97% sequence similarity 
cutoff. The number of OTUs present in each sample was used 
to define species richness and diversity. In addition, the Chao 
1 and Shannon estimator were used to calculate microbiota 
richness and diversity in Mothur and a distance matrix was 
created in Fast UniFrac (Chunlab Inc.: Seoul, Korea). 

Statistical analysis
Data for each group are presented as mean with standard 

errors (SEM). Multiple comparisons between the groups were 
conducted by one-way analyses of variance (ANOVAs), followed 
by Newman-Keuls’ post hoc tests. P values less than 0.05 were 
considered significant. All statistical analyses were performed 
in GraphPad PRISM (Graphpad Software, San Diego, CA). 

RESULTS

Effects of vitamin C supplementation on DAI score, colon length, 
and the mucosal damage

DAI score increased day by day during the first week of 2% 
DSS treatment and then decreased during the 2 wk inter-DSS 
cycle rest interval. During the second 2% DSS cycle, all of the 
mice exhibited signs of morbidity, including weight loss, 

diarrhea, and blood in the stool, resulting in higher DAI scores 
relative to the scores obtained from the first treatment (Fig. 
1A). In particular, on day 16, during the inter-DSS cycle rest 
interval, the mean DAI scores for the V60 and V120 group were 
markedly lower than those of the CC group by 66% (P < 0.01) 
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Fig. 3. Effect of vitamin C supplementation on proinflammatory mediators and cytokines in middle and distal colon. (A) mRNA expressions of COX-2 and mPGES-2 (B) 
TNF-α, IL-1β, and IL-6 in middle colon (a) and in the distal colon (b) were analyzed using real-time PCR. β-actin and GAPDH were used as the loading control. Mean ± SEM are shown 
(Control, n = 9; CC, n = 12; V60 and V120, n = 11 per group). One-way ANOVAs and Newman-Keuls’ post hoc tests were performed (P < 0.05). CC, AOM/DSS-induced colon cancer; 
V60, AOM/DSS + 60 mg/kg body weight (b.w.) of vitamin C; V120, AOM/DSS + 120 mg/kg b.w. of vitamin C.

and 43% (P < 0.05) (Fig. 1B), indicating that vitamin C supple-
mentation had reduced inflammation. On day 34th, the mean 
DAI scores for the V60 group tended to be decreased compared 
with the CC group, however, it was not statically significant. 
Notably, suppression of colitis by vitamin C occurred after 
cessation of DSS administration, suggesting that vitamin C 
supplementation may alleviate mild inflammation and promote 
recovery from the acute phase of colitis. Colon shortening has 
been documented in severe DSS-induced colitis and is considered 
to be indicative of inflammation severity [30]. As shown in Fig. 
2A, average colon length was reduced in the CC group (7.9
± 0.5 cm) relative to that in the Control group (10 ± 0.6 cm; 

P < 0.001), whereas average colon lengths observed for the V60 
(8.6 ± 0.7 cm) and V120 (8.5 ± 0.7 cm) groups were longer than 
that of the CC group (both P < 0.05). 

In the present study, the Control group showed well-defined 
crypts, no neutrophil infiltration and inflammation in the 
submucosa. Colon tissues from DSS treated group showed 
severe epithelium destruction, neutrophil infiltration, and 
submucosal swelling (Fig. 2B). Suppression of inflammatory 
responses should protect the intestinal mucosa from these 
damaging effects. In contrast, vitamin C supplements attenuated 
the DSS-induced damages in colon compared to the CC group, 
although there was mild neutrophil infiltrations in the V120 
group. Mucosal epithelial cells were less damaged and the 
length of colons were longer in vitamin C-supplemented group, 
compared to DSS-treated group.

Effect of vitamin C supplementation on proinflammatory mediators 
and cytokines in middle and distal colon

To prove the anti-inflammatory effects of vitamin C, we 
examined the expression of several inflammatory mediators in 
middle and distal portions (Fig. 3A). We found that COX-2 mRNA 
expressions were up-regulated significantly in the CC group, 
compared to the Control group, in both the middle and distal 
colon. Conversely, mRNA expression of COX-2 was 28% lower 
(P < 0.01) and 27% lower (P < 0.01) in the V60 and V120 groups, 
respectively, than in the CC group. The mRNA expression of 

mPGES-2, which encodes a downstream regulator of COX-2, in 
the middle colon was decreased by 29% (P < 0.001) and 21% 
(P < 0.001) in the V60 and the V120 groups compared with the 
expression levels observed for the CC group (Fig. 3Aa). In distal 
colon, COX-2 mRNA levels were decreased by 22% (P < 0.05) 
and 34% (P < 0.01) and mPGES-2 levels were decreased by 19% 
(P < 0.05) and 38% (P < 0.001), respectively, in the V60 and the 
V120 groups compared to levels observed for the CC group 
(Fig. 3Ab). 

The mRNA expression levels of all three of these cytokines 
were up-regulated in both the middle and distal colon of the 
CC group, relative to the Control group (Fig. 3B). Relative to 
the CC group levels, mRNA expression of TNF-α was decreased 
by 42% (P < 0.01) and 54% (P < 0.01) in the V60 and the V120 
groups in the middle colon and decreased by 42% (P < 0.05) 
and 39% (P < 0.01) in the V60 and the V120 groups, respectively, 
in the distal colon. Relative to the CC group levels, mRNA 
expression of interleukin (IL)-1β in the V60 group was 
down-regulated by 55% (P < 0.01) and 34% (P < 0.05) in the 
middle and the distal colon, respectively. Expressions of IL-1β 
mRNA in the V120 group was tended to be decreased in the 
V120 in both tissues, but they were not statistically significant. 
Relative to the CC group levels, IL-6 mRNA levels were 
down-regulated by 41% (P < 0.001) and 31% (P < 0.001) in the 
V60 and the V120 groups, respectively, in the middle colon by 
37% (P < 0.01) and 29% (P < 0.05) in the V60 and the V120 
groups, respectively, in the distal colon. 

Effect of vitamin C supplementation on tumorigenesis and 
proliferation 

In the present study, the total number of tumors tended to 
be decreased by vitamin C supplementation, however not 
significantly (Fig. 4A). PCNA is a major marker of tumor growth. 
In this present study, mRNA levels of PCNA in the CC group 
were five-fold in the Control group in both the middle and distal 
colon. Vitamin C supplementation decreased the mRNA 
expression of PCNA by 39% (V60 group; P < 0.05) in the middle 
colon and by 54% (V60 group; P < 0.001) and 31% (V120 group; 
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Fig. 4. The effects of vitamin C on colon tumor number and mRNA expression of PCNA. (A) Number of colon tumor were counted with naked eye when sacrificing the mice. 
(B) mRNA expressions of PCNA was analyzed in the middle colon (a) and in the distal colon (b) using real-time PCR. β-actin and GAPDH were used as the loading control. Mean ±
SEM are shown (Control, n = 9; CC, n = 12; V60 and V120, n = 11 per group). One-way ANOVAs and Newman-Keuls’ post hoc tests were performed (P < 0.05). CC, AOM/DSS-induced 
colon cancer; V60, AOM/DSS + 60 mg/kg body weight (b.w.) of vitamin C; V120, AOM/DSS + 120 mg/kg b.w. of vitamin C.

(A) (a)

     

(b)
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Fig. 5. Effects of vitamin C on gut microbiome taxonomy. (A) Composition of gut microbacteria at the phylum level. (a) Changes in the proportion of Bacteroidetes and Firmicutes 
phyla. (b) Relative abundance of Bacteridetes/Firmicutes across the Control, CC, and V60 groups. (B) Relative abundance of genus Lactoccocus. (C) Relative abundance of JQ084893
species. Mean ± SEM are shown (n = 6 per group). One-way ANOVAs and Newman-Keuls’ post hoc tests were used (P < 0.05). CC, AOM/DSS-induced colon cancer; V60, AOM/DSS 
+ 60 mg/kg body weight (b.w.) of vitamin C.

P < 0.05), respectively, in the distal colon (Fig. 4B). 

Effect of vitamin C on microbial dysbiosis in colitis-associated 
colon cancer model

In the present study, although some microbial differences 
were observed between the groups, microbiota richness and 
alpha diversity as quantified by Goods Coverage, Chao 1, and 
Shannon estimators, did not reveal any consistent effect vitamin 
C supplementation (data not shown). 

We found that proportion of Bacteroidetes was increased by 
about 1.5 fold while that of Firmicutes was decreased by 51% 
in CC group compared with the Control group (Fig. 5Aa). We 
did not find significant effects of vitamin C on gut microbiom 
composition at the phylum level (data not shown). However, 
it is worth noting that the V60 group tended to have decreased 
Bacteroidetes representation, which brought their profile closer 
to the Control group and further from the CC group (Fig. 5Aa). 
The Bacteroidetes to Firmicutes ratio was increased by about 3.5 
fold (P < 0.01) in the CC group compared with the Control group 
and this effect was decreased partially, albeit not significantly, 
by vitamin C supplementation (Fig. 5Ab). 

At the genus level, Lactococcus (order Lactobacillales) was 
decreased in the CC group by 75% (P < 0.05) and vitamin C 
supplementation reversed this deficit to the Control group level 
(Fig. 5B). At the species level, JQ084893 (genus Alistipes), were 

dramatically increased (P < 0.01) in the CC group and decreased 
54% (P < 0.05) in the V60 group compared to the CC group 
(Fig. 5C). 

DISCUSSION

The present study investigated the effects of vitamin C 
supplementation on inflammation at early colon cancer and 
microbiota changes in AOM/DSS mice model. Vitamin C 
supplementation prevented inflammation in resting period and 
recovered colon tissue from the subchronic inflammation in 
early stage of colon cancer. Expressions of inflammation related 
mediators and pro-inflammatory cytokines were also decreased 
in vitamin C supplementation groups. Tumor numbers were 
tended to be decreased and proliferation marker, PCNA was 
reduced by vitamin C supplementation. In microbiota analysis, 
significant changes of Lactococcus and JQ084893 levels were 
shown in microbial composition.

In the present study, vitamin C supplementation decreased 
DAI score in the resting period, especially in day of 16th.. This 
result indicates that the vitamin C is effective on anti- 
inflammation in the mild inflammation. These results are 
consistent with those of previous study showing that a notog-
inseng (Panax notoginseng) treatment also suppressed colitis 
during a rest interval of DSS treatment [31]. In addition, prior 
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studies has shown that vitamin C treatment could reduce histo-
logical inflammation and inflammatory cell presence in the mucosa 
of H.pylori-infected mice [20], alleviate mild post-cardioversion 
inflammation in patients [21], and attenuate oxygen-radical 
tissue damage and acute inflammation of the cornea in rabbits 
(topically administered) [22]. It was recently reported that daily 
intraperitoneal injection of vitamin C (100 mg/kg b.w) for 10 
d suppressed oxidative stress and inflammation in DSS-induced 
colitis model mice [23], demonstrating similar effects were 
observed here in the similar model but with the vitamin C 
treatment being delivered via a different administration route. 

Traditionally, the large intestine is divided into three parts: 
the portion proximal to the cecum, the middle portion, and 
a final distal region that culminates with the rectum. Tumors 
are most commonly located in middle and distal portions where 
the most severe DSS-induced colitis changes occur [28]. In the 
present studies, the COX-2 and mPGES-2 mRNA expression levels 
were down-regulated by vitamin C supplementation in both 
middle and distal part of colon. Level of inflammation-related 
enzymes and cytokine expressions are major indicators in 
colitis-associated colon cancer. COX-2 is a pro-inflammatory 
enzyme and the mRNA and protein levels of COX-2 are expected 
to be increased in the colon mucosa of mice with DSS-induced 
colitis [27,32]. Strong protein expression of COX-2 has also been 
documented in colon adenocarcinoma and adenoma cells [33]. 
During inflammation, COX-2 undergoes enzymatic conversion, 
producing prostanoids, including the pro-inflammatory agent 
prostaglandin E2 (PGE2) [34]. High levels of PGE2 exacerbate 
inflammatory responses and promote IBD and colorectal tumor 
growth [35,36]. COX-2 and PGE2 are regulated by various 
isoforms of PGE synthase, including mPGES-1, mPGES-2, and 
cytosolic PGE synthase (cPGES) [37]. Murakami et al. [38] 
described elevated mPGES-2 expression in adenocarcinoma and 
LPS-treated colon tissues. 

Abnormal secretion of pro-inflammatory cytokines is a major 
cause of chronic inflammation pathologies, including acute lung 
injury and IBD, and may be a cofactor for carcinogenesis [7,39]. 
The pro-inflammatory cytokines, TNF-α, IL-1β, and IL-6 play key 
roles in inflammatory processes and these cytokines were 
elevated in patients with UC, CD, and CRC [8]. Vitamin C (20 
mM) has been shown to attenuate LPS-induced TNF-α and IL-6 
production by monocytes [40]. In this study, the expression of 
these cytokines was reduced by vitamin C supplementation in 
both the middle and distal part of the colon. The present 
findings of reduced COX-2, mPGES-2, TNF-α, IL-1β, and IL-6 
mRNA levels in the middle and distal colon of vitamin C 
supplemented colitis groups suggest that vitamin C may protect 
colon tissues from inflammation in early colon cancer by 
regulating these proinflammatory mediators and cytokines. 

PCNA overexpressions correlated with tumor stage and has 
been reported to be a predictor in CRC [41]. IL-6 knock-out mice 
have decreased mRNA expression of PCNA correlates with 
DSS-induced inflammation for mucosal repair by proliferating 
epithelial cells [32]. According to previous studies, adenocar-
cinomas start to develop after 4 wks of AOM/DSS treatment 
and become fully developed by 14-20 wks [5]. In this model, 
AOM is a tumor initiator and DSS is a tumor promoter [42]. 
The level of inflammation in the AOM/DSS model has been 

correlated with progression of CRC [43]. Cancer cell proliferation 
is a major factor of tumor growth and high proliferation in 
epithelial induced tumors in distal colon [44,45]. It has reported 
that long-term supplement of vitamin C decreased polyp area 
in colon cancer than the placebo group and vitamin C supple-
mentation inhibited crypt cell proliferation in adenomatous 
polyps patients [46]. Jacobs et al. [47] reported that 10 or more 
years of long-term intake of vitamin C was associated with 
reduced risk of CRC mortality at any age. In another study, 750 
mg/d vitamin C supplementation suppressed cell proliferation 
in patients with adenomatous polyps, suggesting that prolonged 
vitamin C supplementation may be prophylactic against the 
recurrence of adenomatous polyps [48]. In the present study, 
vitamin C reduced cell proliferation in colitis-associated colon 
carcinogenesis. Even if the reduced tumor numbers were not 
significant in the present study, the PCNA result showed its 
anti-cancer potential in early CRC. These findings suggest that 
vitamin C can ameliorate the tumor development in an early 
stage by reducing proliferation and inflammation. 

The present mouse dosages of 60 mg/kg and 120 mg/kg 
translate to about 300 mg/d and 600 mg/d in a 60 kg human 
[49], and thus are physiological doses of vitamin C that exceed 
recommended daily intake (100 mg/d) by less than an order 
of magnitude. Researchers have suggested that current recom-
mendations are insufficient to prevent disease and have 
proposed to increase as much as 200 mg/d accounting for its 
bioavailability [50] and a daily intake of 120 mg of vitamin C 
has been proposed as an optimum dose for reducing chronic 
diseases [51]. Vitamin C levels in organs and in serum are 
reduced in both mice and humans when they have an infection 
[19,52,53]. Mice have the ability to biosynthesize vitamin C, 
whereas humans do not [16]. However, humans maintain 
comparable vitamin C levels by consuming vitamin C in food. 
It is important to note that supplementation with physiological 
doses of vitamin C in the present study can have modest 
anti-inflammatory benefits on colitis-associated colon cancer, at 
least in an experimental murine model. Further clinical and 
knock-out mouse studies are needed to confirm these results, 
including examination of long-term consequences.

Intestinal dysbiosis, a condition where a microbial ecosystem 
is altered [54] and is associated with the pathogenesis of 
inflammation-related diseases, including IBD and CRC, both of 
which are characterized by a loss of microbiome diversity [55,56]. 
Gut microbiota profiles differ between diseased and healthy 
people [57]. In previous studies, the diversity of overall human 
gut microbiome was decreased in both IBD and CRC [56,58]. 
Disruptive alteration of gut microbiome composition was 
associated with the CRC development in AOM/DSS mouse 
model and decreased OTUs in AOM/DSS treatment group than 
normal group [59]. Consistent with previous study, the Control 
group showed higher diversity than the CC group in the present 
study (data not shown). Although vitamin C supplementation 
did not affect OTUs and diversity, some bacteria in phylum, 
genus and species level showed difference compared with the 
CC group. 

In phylum level of microbiota, the ratio of Bacteroidetes to 
Firmicutes was increased in the CC group compared to the 
Control group. Vitamin C supplementation tended to decrease 
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Bacteroidetes and tended to be decreased the Bacteroidetes to 
Firmicutes ratio. Dramatic shifts in Bacteroidetes (increased) and 
Firmicutes (decreased) representation have been previously 
reported in IBD patients and DSS-induced colon mouse models 
[60,61]. Firmicutes, which are gram-positive bacteria, produce 
butyrate, a short-chain fatty acid (SCFA) that provides as an 
energy source for colon epithelial cells, supports restoration of 
the mucosal barrier function in gastrointestinal tract, and 
reduces CRC risk [62,63]. 

At the genus level, Lactococcus were recovered to control 
level by vitamin C supplementation. Lactococcus, which are used 
as probiotics, also produce SCFAs and support the integrity of 
the intestinal barrier, promote immune tolerance, and reduce 
the risk of gastrointestinal infection and IBD [64]. Orally 
administered Lactococcus (lactis strain) has been reported to 
prevent colon cancer in BALB/c mice by increasing antioxidant 
activity and reducing reactive oxygen species levels [65]. Hence, 
vitamin C supplementation may benefit colon health by increasing 
Lacotccous. 

JQ084893 (genus Alistipes) were increased in the CC group 
and decreased by vitamin C supplementation at the species 
level. These bacteria, which are bile-tolerant, tended to be 
present at relatively low levels with animal-based diet [66] and 
in IBD, and tend to be present at high level in the healthy gut 
[67]. In contrast, in the present study, Alistipes were elevated 
in the CC group compared to the control group, and vitamin 
C supplementation inhibited this increase. Gut microbiota 
composition can vary across different populations, ages, and 
disease states, including IBD and CD, as well as with antibiotics 
use [68]. This discrepancy needs to be investigated in future 
studies. 

In conclusion, vitamin C supplementation may alleviate acute 
inflammation in recovery phase and ameliorated subchronic 
inflammation in early colon cancer by regulating inflammatory 
mediators and cytokines as well as by altering the representa-
tion of inflammation-associated intestinal bacteria. Physiological 
doses (slightly higher than currently recommended daily levels) 
may give moderate protection against the progression of mild 
colonic inflammation and early colon cancer development.
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