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flammation.9-13 Although the anti-inflammatory and anti-tu-

mor effects of CAF have been reported by many groups in 

several organs, the possibility for coffee (but not only CAF) to 

affect intestinal inflammatory diseases is still controversial, as 

nicely reviewed by 2 recent review articles.14,15 Notably, coffee 

is likely to play a protective role in mucosal inflammation 

based on a meta-analysis of the association between Crohn’s 

disease (CD) and beverage intake.16 However, the biological 

mechanisms underlying the CAF-mediated effects on colonic 

epithelial cells (CECs) and colon cancer, especially colitis-as-

sociated cancer, remain controversial for almost the past 2 de-

cades17-21 and have not been fully explained scientifically. 

As one of the CAF-oriented research groups, we do not in-

tend to discuss the detail of immunological or biological 

mechanisms of action on low-dose CAF and sugar (mainly 

sucrose) combinational administration in the incidence of in-

flammation-associated carcinogenesis, but we would like to 

suggest new possibilities for the relationship between the 2 
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Caffeine (1,3,7-trimethylxanthine, also abbreviated to CAF) is a natural chemical with stimulant effects and is commonly in-
cluded in many drinks and foods, including coffee, tea, cola, energy drinks, cocoa, chocolates, and so on. Our group previously 
reported that oral administration of CAF efficiently suppressed the development of intestinal inflammation in a dextran sulfate 
sodium (DSS)-induced murine acute colitis model by suppressing the expression of chitinase 3-like 1, one of the mammalian 
chitinases without enzymatic activity. Chitinases are hydrolytic enzymes that break down chitin, a polymer of N-acetylglucos-
amine, and chitinase-like proteins have no enzymatic activity with preserving chitin-binding ability. CAF binds a cleft of the chi-
tinase active site and plays a role as a pan-chitinase inhibitor. Although CAF showed an anti-inflammatory effect in the above 
model, oral administration of low-dose CAF with 10% sucrose showed potentially neoplastic effects in colonic epithelial cells in 
a DSS-induced murine chronic colitis model. In this review, we would like to discuss the pros and cons of coffee/CAF in colonic 
inflammation and neoplasia with an example of pathological finding. (Intest Res 2023;21:306-317)
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REVIEW

INTRODUCTION

Coffee is one of the most widely consumed beverages world-

wide and is a major source of dietary antioxidants.1 Several 

groups have previously reported that coffee or caffeine (1,3,7- 

trimethyxanthine, also abbreviated to CAF) consumption re-

duces both the frequency of liver disease2,3 and the incidence 

of cancer4,5; these effects appear to be mediated by inhibition 

of cell proliferation6,7 and enhancement of autophagy via PI3K 

(phosphatidylinositol-3 kinase)/Akt (protein kinase B)/mTOR 

inhibition.8 Some reports strongly suggest the anti-inflamma-

tory and antioxidant effects of coffee extracts and selected 

constituents (including CAF and kahweol) in intestinal in-
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factors in a chronic colitis model, of which may throw a stone 

into the controversy over the effects of CAF under intestinal 

inflammatory conditions in this review.

CAF BELONGS TO THE GROUP OF  
METHYLXANTHINE DERIVATIVES, WHICH ARE 
KNOWN AS PAN-CHITINASE INHIBITORS

CAF belongs to a group of alkaloid chemicals, so-called meth-

ylxanthines, which originated from purine-based xanthine.22 

Methylxanthines, as the name suggests, are methylated deriva-

tives and include compounds such as CAF, theophylline, pent-

oxifylline (PTXN), aminophylline, theobromine, paraxanthine, 

3-isobutyl-methylxanthine, and so on. Several methylxanthine 

derivatives are known as chitinase inhibitors.23 Schüttelkopf  

et al.24 have demonstrated clearly that 2 linked CAF moieties 

specifically bind in the active site of pan-family 18 chitinases 

(which family includes most of the mammalian and bacterial 

chitinases) and work as the inhibitor of these enzymes, as shown 

by X-ray crystallography. Interestingly, methylxanthine deriva-

tives, including CAF, PTXN and theophylline, and the family 

18 chitinases show a similar form of binding and have a com-

mon position for docking revealed by X-ray diffraction analysis.23

If compared with a parameter of IC50 (half maximal inhibi-

tory concentration), PTXN (126 μmol/L) shows 4 times and 

12 times higher chitinase inhibitory effect as compared to 

CAF (469 μmol/L) and theophylline (1,500 μmol/L), respec-

tively.23 However, the above 3 methylxanthine derivatives 

show a significantly lower affinity against fungal chitinase 

than allosamidin (IC50: 10 μmol/L), a chitinase derived from 

Candida albicans.23 Within the mammalian chitinases, enzy-

matic inactive chitinase 3-like 1 (CHI3L1, also known as YKL-

40) has been identified as a critical factor in regulating the in-

nate and acquired immune responses in chronic inflammato-

ry diseases including asthma, chronic obstructive pulmonary 

disease, and inflammatory bowel disease (IBD).25-28 For these 

reasons, methylxanthine derivatives have the potential to be 

useful as chitinase inhibitors, including CHI3L1 and acidic 

mammalian chitinase, in chronic inflammatory disorders as 

well as inflammation-associated cancers.25,29

COMMONLY ACCEPTED CONCEPTS AND ACTUAL 
EXAMPLES ABOUT THE COFFEE/CAF INTAKE IN 
GENERAL

CAF is the most widely recognized psychoactive compound 

in the world and is found in a wide variety of beverages and 

foods, which are consumed by men, women, and children of 

all ages.30,31 CAF is also easily absorbed through the digestive 

tract,32 and the U.S. Food and Drug Administration recommends 

that CAF has no dangerous adverse effects on health if con-

sumed in amounts up to 400 mg per day (4–5 cups of coffee). 

The structural similarity of CAF to adenosine causes it to 

bind to the adenosine A2A receptor, resulting in the induction 

of an antagonistic effect of CAF on adenosine, which pro-

motes arousal and insomnia.33-35 Additionally, CAF has also 

been postulated to be involved in a wide range of physiologi-

cal activities, including nonselective inhibition of phosphodi-

esterase,36 sensitization of calcium channels,37 antagonism of 

γ-aminobutyric acid receptors,38 stimulation of adrenal corti-

costeroids,39,40 and improvement of glucose metabolism by 

enhancing insulin responsiveness through inhibition of glu-

cose absorption.41 Moderate consumption of CAF (coffee) is 

thought to have beneficial associations with pain, reduced risk 

of type 2 diabetes,42,43 Parkinson and Alzheimer disease,44 and 

reduced risk of developing colon cancer,45 kidney as well as 

liver diseases (Fig. 1).46 In contrast, the consumption of CAF-

rich products has potential risks such as anxiety, insomnia, 

Fig. 1. Risk may be altered depending on the intake of high amo
unts of caffeine (CAF). Diseases for which CAF is associated with 
decreased risk (advantages) include non-insulin-dependent dia-
betes mellitus (NIDDM), Parkinson’s disease, Alzheimer’s disease, 
colorectal cancer, and inflammatory bowel disease (IBD), as well 
as renal and hepatic disorders. In contrast, diseases for which CAF 
increases the risk (disadvantages) include insomnia due to CAF’s 
stimulant effects, headaches, and many other effects. CAF also 
influences the risk of maintaining pregnancy as well as increasing 
DNA-damaged sperm.
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tremors, and palpitations (Fig. 1).

Bessler et al.9 have shown that coffee consumption may 

generally reduce the inflammatory process in the colon and 

lower the risk of colorectal cancer (CRC) mortality for several 

mechanistic reasons. In addition, large amounts of coffee con-

sumption (4–6 cups or more per day) have been suggested to 

reduce the risk of developing colitis-associated cancers.45 Fur-

thermore, caffeinated coffee consumption has been suggested 

to reduce the overall risk of CRC20 and may be associated with 

reduced recurrence and death in patients with stage III CRC.47 

However, a similarly low incidence of CRC has been observed 

with a higher intake of decaffeinated coffee.20,48 Moreover, some 

studies have reported no useful data to support an association 

between CAF intake and the risk of developing CRC.49 There-

fore, the association between CAF intake and CRC incidence 

is still controversial. We have summarized the overall pros and 

cons of coffee/CAF intake in colonic inflammation and CRC 

later in this review article. 

Moderate coffee intake has been suggested to have benefi-

cial effects (hepatoprotective effect) on various liver diseases, 

including alcoholic liver disease,50 nonalcoholic fatty liver dis-

ease,51,52 liver cirrhosis,53 hepatitis caused by hepatitis B virus,54 

and hepatitis C virus,55 possibly by inhibiting the binding of ad-

enosine to its receptor.56,57 Furthermore, espresso coffee has 

been shown to have no beneficial effect on liver disease, par-

ticularly nonalcoholic fatty liver disease.58 This may be due to 

the effect of the addition of sucrose, which is composed of glu-

cose and fructose, to the coffee, which may counteract the ef-

fect. Fructose has also been associated with increased severity 

of liver fibrosis in nonalcoholic steatohepatitis.59 Thus, the hep-

atoprotective effect of coffee may depend on various factors, 

such as the presence or absence of additives (sucrose, etc.), 

and the impact of these factors should be studied in the future.

ORAL CAF ADMINISTRATION AMELIORATES  
INTESTINAL INFLAMMATION IN A MOUSE 
ACUTE DSS-INDUCED COLITIS MODEL

Many studies reported that xanthine derivatives have anti-in-

flammatory effects. Paiva et al.60 conducted a systematic re-

view, showing that CAF intake upregulates interleukin (IL)-10 

on serum levels. Freedman et al.61 performed the most exten-

sive cohort study (229,119 men and 173,141 women over 14 

years) in 2012 and revealed a dose-dependent inverse associa-

tion between coffee drinking and total mortality. The primary 

anti-inflammatory mechanisms result from the nonselective 

inhibition of phosphodiesterase and the nonselective antago-

nist of the adenosine receptor. These effects cause the activa-

tion of protein kinase A, leading to the inhibition of pro-inflam-

matory cytokine production, such as tumor necrosis factor α 

(TNF-α). Nevertheless, some studies insist that CAF consump-

tion induced limited anti-inflammatory effects.62 Here we re-

viewed some possible mechanisms of the anti-inflammatory 

effects of xanthine derivatives on IBD utilizing a colitis mouse 

model.

IBD is well-known as a group of intestinal inflammatory dis-

orders, which includes CD and ulcerative colitis (UC). Our 

group previously reported that CECs and macrophages pro-

duce CHI3L1 during acute and chronic phases of colitis in the 

murine colitis models.63 CHI3L1 in colonic tissue samples of 

CD and UC patients is upregulated compared to inactive CD 

and UC patients, and normal individuals positively correlated 

to the severity of colitis.63 CHI3L1 has been reported as a sig-

nificant mediator in many inflammatory disorders, such as 

asthma, hepatitis, and rheumatoid arthritis.64-67 

It is well-known that dysregulated host-microbial interac-

tions lead to the development of intestinal inflammation in 

IBD.68,69 Therefore, possible pathogenic commensal bacteria 

invasion into CECs could relate to the pathogenesis of IBD. 

Our group previously revealed that CHI3L1 mediates PI3K/

Akt signaling in CECs, enhancing the secretion of IL-8 and 

TNF-α in a concentration-dependent manner.70 Several stud-

ies have shown that Akt signaling increases in colitis mouse 

models, CD, and UC patients.71,72 Conversely, IBD patients on 

5-aminosalicylic acid treatment exhibited reduced levels of 

active phosphorylated Akt in inflamed colitis tissue, suggest-

ing a positive correlation between colitis severity and Akt sig-

nal activation.73 Given these mechanisms, CHI3L1 could play 

a significant role in colitis in IBD. Therefore, we hypothesized 

that xanthine derivatives, pan-chitinase inhibitors, could be a 

novel therapeutic strategy for IBD by suppressing the CHI3L1 

expression and activation. 

To explore how xanthine derivatives work on IBD, we first 

conducted in vitro experiments. We incubated SW480 (a hu-

man colon cancer cell line) with 2.5 mM or 5 mM of CAF. Sub-

sequently, we treated them with adherent-invasive Escherichia 

coli (AIEC) as potential pathogenic bacteria in the normal flo-

ra. After gentamycin treatment to eliminate the extracellular 

AIECs, the SW480 were stained with anti-E. coli lipopolysac-

charide antibody. The 2.5 mM CAF treatment group showed a 

reduced number of intracellular AIECs compared to the con-

trol group. Moreover, the 5 mM CAF treatment group showed 
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fewer intracellular bacteria.74 CHI3L1 mRNA expression in 

SW480 was also reduced in a dose-dependent manner by in-

cubating with CAF.74 This result suggested that CAF could pre-

vent AIECs invasion into CECs by decreasing the expression 

of CHI3L1. Theophylline and PTXN showed reduced CHI3L1 

mRNA expression in a dose-dependent manner as well.22

Given these results, we shifted to in vivo experiments using 

C57BL/6J wild-type (WT) mice, which were purchased from 

The Jackson Laboratory (Bar Harbor, ME, USA), to examine 

the anti-inflammation effect of CAF in an acute colitis model. 

Those mice were first treated with CAF in their drinking water 

for 7 days, followed by 3.5% dextran sulfate sodium (DSS) with 

CAF for 5 days. Normal drinking water was given for an addi-

tional 7 days until the mice were sacrificed. The mice treated 

with CAF showed resistance to body weight loss and enhanced 

body weight and clinical score recovery after DSS treatment 

compared to the control group of mice.74 Consistent with the 

in vitro experiment, mRNA expression of CHI3L1 was com-

pletely suppressed in the CAF-treated mice.74 The colonic his-

tology displayed milder colitis and less inflammatory cell infil-

tration in the CAF-treated mice compared to the control.74 In-

flammation-associated cytokines (TNF-α, IL-17F, interferon-γ, 

and IL-4) were decreased, and anti-inflammatory IL-10 was 

increased in colons of the CAF-treated mice compared to the 

control.74 In conclusion, we demonstrated that CAF amelio-

rates acute DSS-induced colitis by suppressing CHI3L1 ex-

pression and its functions. 

Similarly, another animal model of colitis treated with other 

xanthine derivatives exhibited protective effects: Theophylline 

treatment reduced myeloperoxidase activity and TNF-α, IL- 

1β, and IL-6 in the colons in an acetic acid-induced colitis rat 

model.75 Karatay et al.76 treated trinitrobenzene sulfonic acid-

induced colitis rat model with PTXN intraperitoneal or intrar-

ectal injection. Both groups displayed reduced damage in coli-

tis by PTXN, but the intraperitoneal route was more effective.

Although many in vivo studies support the positive effect of 

the xanthine derivatives, there is no clear evidence between 

coffee consumption and human IBD flare. According to the in 

vivo studies, regular intake of a suitable amount of CAF may 

prevent intestinal inflammation, especially in IBD gene sus-

ceptible individuals. Barthel et al.77 conducted a questionnaire 

among IBD patients in Switzerland. Seventy-two point six per-

cent of the total 442 patients regularly drink coffee, and 91% of 

the group reported no impact of coffee consumption on IBD. 

Recently, Georgiou utilized Mendelian randomization analy-

sis to evaluate the effect of the exposure factor, smoking, cof-

fee, and alcohol, on CD and UC risk. They revealed that there 

is no clear evidence that either is related to the risk of CD or 

UC.78 Compared to the xanthine derivatives, coffee is a mix of 

complex compounds; some might work with counteractive ef-

fects to the anti-inflammatory mechanisms. Moreover, before 

it reaches the intestine, coffee is absorbed throughout the di-

Table 1. Relationship between Coffee/CAF Consumption and Colonic Inflammation Based on the Selected Reports in the Past 2 Decades 

Pros or cons Study type Outcome Year Reference

Inconclusive Metabolomic study There is a relationship between UC to disturbed glutathione metabolism and CAF 
metabolism.

2022 81

Cons Cross-section study The higher intake of CAF was positively associated with irritable bowel disease 
prevalence. 

2021 80

Cons Randomized study CAF consumption is causally associated with the risk for CD or UC. 2021 79

Pros Population-based study High CAF intake is protective against UC incidence in Australia. 2016 82

Pros In vivo (mouse) CAF-treated mice developed lower tumors and milder inflammation than control in 
the murine model of colitis.

2014 45

Pros In vivo (mouse) Oral CAF administration ameliorates acute colitis in a murine DSS colitis model. 2014 74

Inconclusive Cohort study Sugar intake was higher in IBD patients from Eastern Europe than in Western 
Europe, while no geographic differences regarding CAF intake in these 2 regions. 

2014 83

Pros In vitro (human) CAF may reduce the inflammatory process in the colon. 2012 9

Pros Review article Avoiding CAF would worsen clinical symptoms in IBD patients. 2011 84

Inconclusive Review article Coffee and CAF have not been shown to be risk factors for diverticulitis but beneficial 
effects are still unclear. 

2008 85

Pros In vivo (human) Serum CAF profiles were significantly prolonged for the pH and time delivery system. 2004 86

CAF, caffeine; UC, ulcerative colitis; CD, Crohn’s disease; DSS, dextran sulfate sodium; IBD, inflammatory bowel disease.
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gestive tract. Therefore, although CAF may have some effect in 

colitis mouse models, many factors could explain why coffee 

intake does not demonstrate apparent protective effects on 

human IBD.

PROS AND CONS OF COFFEE/CAF INTAKE ON 
THE EFFECT OF INFLAMMATION AND  
CARCINOGENESIS IN THE COLON

As summarized in Table 1, the effects of CAF intake on the ef-

fect of inflammation and carcinogenesis in the colon are high-

ly controversial. Although coffee/CAF intake seems to reduce 

the inflammatory responses in the colon,9,74,79 recent 2 reports 

suggest that CAF consumption is positively associated with 

the prevalence of CD or UC75 as well as irritable bowel syn-

drome.80 Relationship between coffee/CAF consumption and 

colonic inflammation has been summarized in Table 1. 81-86

An association between coffee/CAF consumption and co-

lonic tumorigenesis has been summarized in Table 2.87-102 With-

in this table, about 84% of studies showed the beneficial effects 

Table 2. Relationship between Coffee/CAF Consumption and Colonic Tumorigenesis Based on the Selected Reports in the Past Decade

Pros or cons Study type Outcome Year Reference

Pros In vitro (human) CAF promotes apoptosis of colon cancer by inactivating PI3K/Akt signaling pathway. 2022 87

Pros In vivo (mouse) CAF and chlorogenic acid combination suppress early-stage DMA/DCA-induced colon 
cancer in mice.

2022 88

Pros A case-control study There is a significant protective effect of coffee against CRC in the overall and male 
populations.

2022 89

Pros In vitro (human) Regular coffee consumption may display protective effects against CRC. 2021 90

Cons Meta-analysis High levels of CAF intake are associated with the initiation and promotion of CRC. 2020 49

Pros In vitro (human) CAF reduced the promotion of the S phase in DLD-1 human colon cancer cells. 2020 91

Inconclusive Meta-analysis No evidence of the protective effect of coffee on CRC was found. 2020 92

Pros Follow-up study CAF has a protective effect on CRC. 2020 39

Pros In vitro (human) Low CAF-containing tea species induce mitochondria-dependent apoptosis in HCT116 
human colon cancer cells.

2020 93

Pros In vitro (human) CAF induces a significant increase in apoptosis of Dox-treated cells compared with 
proliferative cells. 

2020 94

Pros Meta-analysis CAF proved to exert a protective effect in men/women combined and in men alone 
for CRC but shows ethnicity.

2019 95

Pros In vivo (rat) Coffee but not CAF decreased the development of colonic dysplastic crypts in the 
MNNG-exposed rat model.

2019 96

Pros Follow-up study Intake of CAF and decaffeinated coffee after diagnosis of CRC results in a lower risk 
of CRC-specific death and overall death.

2018 47

Pros Meta-analysis Coffee was associated with a probable decreased risk of CRC. 2017 97

Pros In vitro (human) Low-dose coffee inhibited the proliferation of Caco-2 cells. 2017 98

Cons Prospective cohort  
   study

Increased coffee consumption significantly increased colorectal tumor recurrence in 
the distal colon.

2016 79

Pros Prospective reported  
   study

High coffee intake may significantly reduce cancer recurrence and death in advanced 
CRC patients.

2015 99

Cons In vitro (human) CAF showed no significant cytotoxic effect in HT29 human CRC cells. 2015 100

Pros In vitro (human), 
in vivo (mouse)

CAF-treated mice developed fewer tumors and milder inflammation in a murine 
model of CRC.

2014 45

Pros In vitro (human) Moderate coffee consumption is associated with a lower risk of CRC by reducing 
estrogen SULT activity.

2013 101

Pros Review article Coffee may reduce CRC risk, increasing colon motility and antioxidant status. 2012 102

Pros Prospective study Coffee was inversely associated with colon cancer, particularly proximal tumors. 2012 48

CAF, caffeine; PI3K/Akt, phosphatidylinositol-3; DMA/DCA, 1,2-dimethylhydrazine/deoxycholic acid; CRC, colorectal cancer; Dox, doxorubicin; MNNG, 
N-methyl-N-nitro-N-nitrosoguanidine; SULT, sulfotransferases; DLD-1, HCT116, and HT29, human colon cancer cell lines.
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of coffee/CAF intake for CRC development among the various 

type of studies. Still, the remaining less than 20% of studies show 

the opposite or inconclusive effects. In particular, high levels of 

coffee intake (more than 4 cups of coffee) reduce the risk of 

CRC recurrence and death in advanced CRC patients.99 In con-

trast, high levels of coffee consumption are also associated with 

the initiation and promotion of CRC development but not as-

sociated with the incidence of earlier-stage cancers.49 Overall, 

the relationship between coffee/CAF consumption and CRC 

incidence is largely variable15 and we cannot explain the rea-

sons logically at present. 

ORAL ADMINISTRATION OF CAF WITH SUCROSE 
SEEMS TO HAVE A POTENT CARCINOGENIC  
EFFECT IN A MURINE MODEL OF CHRONIC 
COLITIS

To examine the physiological anti-inflammatory effects of CAF 

under chronic colitis in vivo, C57Bl/6N WT mice (female, 6–8 

weeks old) were purchased from Kyudo Corporation (Tosu, 

Saga, Japan) and maintained under SPF conditions in the ani-

mal facility at Kurume University School of Medicine (Kurume, 

Fukuoka, Japan). The animal protocols (#2020-049, #2021-042, 

#2022-035) have been reviewed and approved by the Kurume 

University School of Medicine Subcommittee on Research 

Animal Care. Unexpectedly, these mice did not drink 2.5 mM 

CAF-contained water since CAF may stimulate nerve termi-

nals in the tongue by activating mouse transient receptor po-

tential A1, which results in some pain and bitter sensations in 

the mice.103 To overcome the remarkable aversion to CAF-con-

taining water, we diluted the concentration of CAF up to 0.17 

mM with water and added 10% sucrose (Sigma-Aldrich, St. 

Louis, MO, USA). Because 2.5 mM CAF is almost equivalent to 

3–5 cups of coffee, 0.17 mM CAF is equivalent to 0.2–0.4 cups 

of coffee. Surprisingly, this phenomenon was unobserved in 

our previous experiments performed at Massachusetts Gener-

al Hospital (Boston, MA, USA) by utilizing C57Bl/6J WT mice 

(male, 6–8 weeks old), which were purchased from Jackson 

Laboratories.74 We have not been able to determine whether 

the differential responsiveness to CAF is due to differences in 

mouse subtypes (C57Bl/6J versus C57Bl/6N) or to the housing 

environment in the US (Massachusetts General Hospital) ver-

sus Japan (Kurume University School of Medicine). In our pre-

vious experiment, we knew that a CAF concentration of less 

than 1 mM did not significantly influence CHI3L1 expression 

in SW480, a human colon cancer cell line.22 The 0.17 mM CAF 

concentration we used in this current experiment is about 14.7 

times less concentrated than 2.5 mM. It is suspicious that 0.17 

mM CAF has enough effects in blocking the biological func-

tions of the family 18 chitinase or affects their transcriptional 

expression levels compared to the former 2.5 mM CAF admin-

istrating experiment performed in 2013.74 

The chronic colitis was induced by the 3 cycles of 2.5% DSS 

administration. Briefly, mice were treated with 2.5% DSS in 

water for 4 days and then with 10% sucrose water with or 

without CAF or PTXN for the next 10 days for 3 cycles. After 

the 3rd cycle of DSS treatment, all the mice were treated with 

water without 10% sucrose. Diagnostic criteria for the tumors 

Table 3. Tumor Criteria in This Study

Score Definition

0 No tumor

1 Low-grade dysplasia

2 High-grade dysplasia

3 Intra-mucosal adenocarcinoma (carcinoma in situ)

4 Invasive carcinoma

5 Distant metastasis

Table 4. Inflammatory Criteria of Chronic Dextran Sulfate Sodi-
um-Induced Colitis in This Study 

Sub-criteria Score

Inflammation 0: None to normal lymphoid aggregates

1: Increased lymphoid aggregates

2: Cryptitis (neutrophils within crypt epithelium)

3: �Crypt abscess (neutrophils accumulating 
within crypt lumen, sometimes with crypt 
rupture)

4: �Ulceration (loss of mucosal components and 
presence of granulation tissue)

Extent of leukocyte 0: None

infiltration 1: Infiltration confined to the mucosa

2: Infiltration extending to the submucosa

3: Transmural extension of infiltration

Severity of leukocyte 0: None

infiltration 1: Mild

2: Moderate

3: Severe

The extent of colonic 0: None

infiltration 1: Patchy (focal)

2: Intermediate

3: Diffuse (extensive)



Emiko Mizoguchi, et al.  •  Dual roles of caffeine

312 www.irjournal.org

Silvio Danese, et al.  •  iSTART consensus recommendations

and colitis were described in Tables 3 and 4, respectively. In 

general, only 3 cycles of DSS treatments without pretreatment 

of azoxymethane, a carcinogenic reagent, in C57Bl/6N WT 

mice do not show carcinogenic changes in CECs. However, 6 

out of 7 mice (85.7%) treated with 0.17 mM CAF with 10% su-

crose developed dysplasia, carcinoma in situ, or invasive can-

cer. In contrast, none of the mice treated with 10% sucrose or 

1.0 mM PTXN with 10% sucrose had any neoplastic changes 

in their CECs. Inflammatory scores determined by the hema-

toxylin and eosin sections are shown in Fig. 2. The average his-

tological scores in 10% sucrose, CAF with 10% sucrose, and 

PTXN with 10% sucrose were 2.85, 8.42, and 4.3, respectively. 

This result suggests that low-dose CAF treatment with 10% su-

crose induced severe inflammation accompanied by neoplas-

tic changes in CECs during the DSS-induced chronic inflam-

mation in mice. Surprisingly, 2 out of 7 (28.5%) showed carci-

nogenic changes of colonic epithelium after treatment with 

low-dose CAF with 10% sucrose after 3 cycles of DSS adminis-

tration without azoxymethane treatment. Representative im-

ages of low-grade dysplasia (Fig. 2A), high-grade dysplasia 

(Fig. 2B), carcinoma in situ (Fig. 2C), and invasive carcinoma 

(Fig. 2D) in the low-dose CAF with 10% sucrose-treated mice 

have been shown. 

Sucrose consists of fructose and glucose, and there are a 

couple of papers, which suggest that sucrose or fructose en-

hances intestinal tumor growth in the colon.104-106 Further ex-

periments would be required to monitor the exact serum con-

centration of CAF in the 3 (sucrose, glucose, or fructose-treat-

ed) groups in association with the expression of chitinase/

CHI3L1 on CECs of mice more strictly. Sugar is commonly 

used as a sweetener for coffee and other caffeinated foods and 

beverages, and sucrose is the main component of sugar. For 

this reason, we urgently need to continue some selected bio-

logical and physiological experiments to prove the carcino-

Fig. 2. Representative histological images of low-dose caffeine (CAF) with sucrose-treated mice. Low-grade dysplasia (A), high-grade 
dysplasia (B), carcinoma in situ (C), and invasive cancer (D) in the CAF with 10% sucrose-treated mice were shown (all hematoxylin and 
eosin stain, ×10). 

A

C

B

D
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genic mechanisms under the additive effects of low-dose CAF 

and sucrose.

CONCLUSIONS

Coffee is one of the most frequently consumed beverages and 

is a complex of more than 1,000 bioactive compounds, includ-

ing CAF. Of note, methylxanthine derivatives, including CAF, 

PTXN, and theophylline, are known as pan-chitinase inhibi-

tors, which exert anti-inflammatory effects both in vitro and in 

vivo. In general, regular as well as large amounts of coffee con-

sumption are believed to lower the risks of colonic inflamma-

tion and CRC mortality, and there are numerous reports on 

the relationship between coffee/CAF intake and CRC devel-

opment. Unexpectedly, we have found that low-dose CAF 

with 10% sucrose (a major component of sugar) causes carci-

nogenic changes in CECs under chronic inflammatory condi-

tions. Clarifying the anti-inflammatory as well as pro-tumori-

genic mechanisms of CAF at the cellular levels could be the 

key to seeking more therapeutic as well as prophylactic op-

tions in IBD, colitis-associated cancer, and CRC development. 
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