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Abstract. Previous epidemiological studies have demonstrated 
that moderate coffee consumption is associated with a lower 
risk of certain types of cancer, particularly colon cancer. To 
elucidate the molecular basis for this protective action, the 
effect of coffee on Caco‑2 human colon carcinoma cells was 
investigated. Low concentrations of coffee (<5%) inhibited 
proliferation of Caco‑2 cells without affecting cell viability. 
Coffee also reduced KRAS proto‑oncogene, GTPase (KRAS) 
gene expression in a dose‑dependent manner; however, 
caffeine, caffeic acid and chlorogenic acid, three major 
constituents of coffee, did not exhibit this effect. Increasing 
the duration of coffee bean roasting increased the reduction 
in KRAS expression, suggesting that the active constituents 
responsible for this effect emerged during the roasting process. 
MicroRNA (miR) analysis revealed that coffee induced the 
expression of miR‑30c and miR‑96, both of which target the 
KRAS gene. The results of the present study suggested that 
daily coffee consumption may reduce KRAS activity, thereby 
preventing the malignant growth of colon carcinoma cells.

Introduction

Coffee is widely consumed as a beverage globally, and a 
moderate intake of coffee has been linked to a reduced risk 
of chronic diseases, including type 2 diabetes (1), Parkinson's 
disease  (2) and liver disease  (3). Multiple epidemiological 
studies have demonstrated an inverse association between 
coffee consumption and risk of colorectal cancer  (4‑6). 
However, the molecular basis of this effect remains to be fully 
understood (7).

Colorectal cancer is one of the most common malignancies 
in the westernized world. An important step in the progression 
of colorectal cancer is the induction of activating mutations 
in KRAS proto‑oncogene, GTPase (KRAS). Mutations in 

KRAS appear in the intermediate adenoma stage, early during 
tumorigenesis, and it is thus possible to use them as a biomarker 
for early detection of ~40% of colorectal tumors (8).

Activated KRAS regulates multiple downstream pathways 
involved in cancer development, including the mitogen‑acti-
vated protein kinase (MAPK) and phosphatidylinositol 
3‑kinase (PI3K) signaling pathways  (9), via the action of 
epidermal growth factor (EGF). The EGF receptor is involved 
in regulating normal growth and contributes to the malignant 
growth of several tumor types, including colon cancer (10) 
by phosphorylating tyrosine residues in trans within the 
cytoplasmic domain of the receptor to activate Ras and other 
downstream effectors. Therefore, the present study inves-
tigated the effects of coffee on KRAS signaling via EGF in 
human colon cancer Caco‑2 cells.

Materials and methods

Materials. Caco‑2 human colon carcinoma cells were 
obtained from the RIKEN BioResource Center (Tsukuba, 
Japan). Colombian Arabica coffee beans were purchased from 
Yanaka Coffee Co., Ltd. (Tokyo, Japan). Reagents for PCR 
were purchased from Applied Biosystems; Thermo Fisher 
Scientific, Inc. (Waltham, MA, USA). Reagents for quanti-
fication of microRNA (miRNA/miR) were purchased from 
Qiagen GmbH (Hilden, Germany). Antibodies for MAPK (cat. 
no., 9102), phosphorylated (p‑) MAPK (cat. no., 9101), protein 
kinase B (Akt; cat. no., 9272) and p‑Akt (cat. no., 9271) were 
purchased from Cell Signaling Technology, Inc. (Danvers, MA, 
USA). Antibodies for K‑ras (cat. no., sc‑30) and β‑actin (cat. 
no., sc‑58673) were purchased from Santa Cruz Biotechnology, 
Inc. (Dallas, TX, USA). Caffeine, caffeic acid, chlorogenic acid 
and trigonelline were purchased from Sigma‑Aldrich; Merck 
KGaA (Darmstadt, Germany). Human EGF was purchased 
from PeproTech (Rocky Hill, NJ, USA).

Coffee preparation. Roasted and ground coffee (Colombian 
Arabica) was obtained from Starbucks Corporation (Seattle, 
WA, USA). Coffee extracts were prepared by a commonly 
utilized method, where 8 g of ground coffee was extracted with 
140 ml hot water (95˚C). The extract was then filtered through 
a paper filter (Mellita Group, Minden, Germany), divided into 
small aliquots and stored at ‑80˚C until used. Undiluted extract, 
with a dry weight of 8.4 mg/ml, was assigned a concentration 
of 100% (v/v). For roasting experiments, green Colombian 
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Arabica coffee beans were purchased from Yanaka Coffee Co., 
Ltd. Green coffee beans were roasted at 200‑220˚C for up to 
20 min. Coffee extracts were prepared and stored as described 
for roasted and ground coffee. Optical densities at 500 nm of 
10% brewed coffee made from roasted beans were 0.05 (green 
beans), 0.153 (medium roasted beans) and 0.269 (dark roasted 
beans), respectively.

Cell culture and coffee treatment. Caco‑2 cells were grown 
in 6‑well plates (Iwaki Co., Ltd., Tokyo, Japan) in 2  ml 
Dulbecco's modified Eagle's medium (Nacalai Tesque, Inc., 
Kyoto, Japan) supplemented with 10% fetal bovine serum 
(Biological Industries USA, Cromwell, CT, USA), 2 mM gluta-
mine, 10 U/ml penicillin, 10 U/ml streptomycin and additional 
non‑essential amino acids (Sigma‑Aldrich; Merck KGaA). 
Cells were seeded at a concentration of 1x105 cells/ml and 
grown to 80‑90% confluence (2‑3 days) in an incubator at 37˚C 
in a humidified atmosphere containing 5% CO2. The medium 
was changed every 4‑5 days. Cultured cells were exposed to 
coffee extracts at 0, 0.31, 0.63, 1.25, 2.5, 3.75 and 5.0% (v/v) 
or caffeine, caffeic acid, chlorogenic acid, and trigonelline at 
100 µM. Control cells were treated with 0.1% DMSO. Cell 
numbers and viability were analyzed using a Vi‑Cell counter 
(Beckman Coulter, Inc., Brea, CA, USA) and a trypan blue 
exclusion assay using 0.4% trypan blue dye (Thermo Fisher 
Scientific KK, Yokohama, Japan).

Analyses of gene expression. Total RNA was isolated from 
the cultured cells using the Direct‑zol™ RNA MiniPrep 
kit and TRIzol reagent (Zymo Research, Irvine, CA, USA). 
First‑strand cDNA was synthesized from 1 µg total RNA using 
100 units/ml of reverse transcriptase and random primers using 
a ReverTra‑Plus Kit (TOYOBO, Osaka, Japan) according to the 
manufacturer's protocol. The primers used for the amplification 
of cDNAs were designed using a web application (Primer3) 
based on sequences obtained from the NCBI database. The 
sequences used were as follows: KRAS forward, 5'‑CCT​GCT​
GTG​TCG​AGA​ATA​TCC​A‑3' and reverse, 5'‑TTG​ACG​ATA​
CAG​CTA​ATT​CAG​AAT​CA‑3'; 18S RNA forward, 5'‑TGG​
TTG​CAA​AGC​TGA​AAC​TTA​AAG‑3' and reverse, 5'‑AGT​
CAA​ATT​AAG​CCG​CAG​GC‑3'. Quantitative polymerase 
chain reaction (qPCR) analysis was performed in a CFX96 
Real Time PCR Detection System (Bio‑Rad Laboratories, 
Inc., Hercules, CA, USA) using the SYBR Green PCR Core 
Reagent kit (Roche Diagnostics, Basel, Switzerland). Samples 
were denatured at 95˚C for 10 min and amplified by 40 cycles 
of denaturation at 95˚C for 15 sec, followed by annealing and 
extension at 60˚C for 60 sec. The amount of target gene rela-
tive to the reference gene (18S rRNA) was quantified using the 
cycle threshold (Cq) (11).

The cDNAs of miRNAs were synthesized from 250 ng 
total RNA using the miScript II RT kit (Qiagen GmbH) 
according to the manufacturer's protocol. Quantification of 
miRNAs was performed using the miScript SYBR Green PCR 
kit (Hs_miR‑96_1 miScript Primer Assay and Hs_miR‑30c_2 
miScript Primer Assay; Qiagen GmbH) using the aforemen-
tioned thermocycler conditions according to the manufacturer's 
protocol, and quantified using the cycle threshold (Cq) (11). 
The Hs_RNU6‑2_1 miScript Primer Assay (Qiagen GmbH) 
was used for normalization.

Western blotting. Cells were lysed in Nonidet P‑40 lysis buffer 
(50 mM Tris‑HCl pH 8.0, 120 mM NaCl, 1 mM NaCl, 1 mM 
EDTA pH 8.0, 0.5% Nonidet P‑40), phosphatase inhibitor 
cocktail (Nacalai Tesque, Inc., Kyoto, Japan), and protease 
inhibitor cocktail (Nacalai Tesque, Inc.). Proteins (20 µg) 
were resolved by 10% sodium dodecyl sulfate (SDS) poly-
acrylamide gel electrophoresis and then electrotransferred 
to a polyvinylidene difluoride membrane (Merck KGaA). 
The membrane was incubated for 1 h at room temperature 
in blocking buffer consisting of TBS (20 mM Tris‑HCl pH 
7.4, 137 mM NaCl) containing 5% skim milk. The membrane 
was incubated overnight at 4˚C with primary antibody. 
Primary antibodies were mouse monoclonal anti‑K‑ras 
(1:500), rat monoclonal anti‑H‑ras (1:500) and goat poly-
clonal anti‑β‑actin (1:2,000; Santa Cruz Biotechnology, Inc.); 
rabbit monoclonal anti‑p44/42 MAPK [(extracellular signal 
related kinase 1/2 (ERK1/2; 1:1,000), rabbit monoclonal 
anti‑p‑p44/42 MAPK (ERK1/2; Thr202/Tyr204; 1:1,000), 
rabbit monoclonal anti‑Akt (1:500) and anti p‑Akt (1:1,000; 
Cell Signaling Technology, Danvers, MA, USA). The next 
day, the membrane was incubated with either anti‑rabbit (cat. 
no., RPN4301), anti‑mouse (cat. no., RPN4201) or anti‑rat 
(cat. no., NA934) immunoglobulin G horseradish peroxi-
dase‑linked secondary antibodies (all 1:2,000; GE Healthcare 
Bio‑Sciences, Pittsburgh, PA, USA) at room temperature for 
60 min. Immunoreactive proteins were visualized using an 
enhanced chemiluminescence western blotting detection 
system (GE Healthcare Bio‑Sciences).

Analysis of effects of coffee on EGF signaling. Caco‑2 cells 
were treated with 5% coffee for 24 h, and then EGF (50 ng/ml) 
was added to the medium. Cells were harvested at 0, 5, 10 
and 15 min following the addition of EGF and the cell lysates 
(20 µg protein) were analyzed by western blotting.

Statistical analysis. The Student's t‑test was used for statistical 
analysis using a software (SPSS station, v. 23; IBM SPSS, 
Armonk, NY, USA), and P<0.05 was considered to indicate a 
statistically significant difference.

Results

Coffee reduced proliferation of Caco‑2 cells. Human colon 
carcinoma Caco‑2 cells were treated with coffee extract (0‑5%) 
for up to 3 days. An inhibitory effect of coffee extract on cell 
proliferation was detected at concentrations of 1.25% and 
above, with complete inhibition observed at a concentration 
of 3.75% (Fig. 1A). No significant cytotoxicity was observed 
for coffee extract concentrations up to 3.75%, even following 
incubation for 3 days (Fig. 1B).

Coffee reduced KRAS expression in Caco‑2 cells. As the 
development and growth of colon cancer is associated with 
abnormal activation of the KRAS signaling pathway  (12), 
KRAS expression in the coffee extract‑treated Caco‑2 cells 
was measured. Coffee extract reduced the expression of the 
KRAS protein and KRAS mRNA in a dose‑dependent manner 
(Fig.  2A and B, respectively). KRAS mRNA expression 
decreased to <50% of the control level following treatment 
with 2.5% coffee extract for 24 h.
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In order to elucidate the effect of coffee on KRAS 
signaling pathways, the activation of Akt (PI3K pathway) and 
ERK (MAPK pathway) elicited by 50 ng/ml EGF in coffee 
extract‑treated Caco‑2 cells was analyzed. Phosphorylation 
of Akt and ERK was observed 5 min following addition of 
50 ng/ml EGF in cells untreated with coffee extract (Fig. 3). In 
contrast, phosphorylation of Akt and ERK occurred relatively 
slowly (at 15‑30 min) in the coffee extract‑treated cells (Fig. 3).

Characterization of active coffee constituents in coffee 
extracts. In order to elucidate which constituents were 
responsible for coffee extract‑mediated reduction in KRAS 
expression, KRAS protein expression was measured following 
treatment of cells with 100 µM caffeine, chlorogenic acid, 
caffeic acid or trigonelline. All these compounds are major 
constituents of coffee. None of these coffee constituents, 
except for trigonelline, altered KRAS expression (Fig. 4A), 
even though the concentration used was roughly equivalent to 
that present in in 10‑50% coffee extracts (13). Weak reduction 
with trigonelline was detected.

In order to examine the possibility that constituents with 
KRAS expression‑altering capabilities are formed during 
the roasting process, the activity of extracts of green coffee 

beans that had undergone varying degrees of roasting prior 
to brewing was assessed. Increasing the duration of roasting 
resulted in greater reduction in KRAS protein and mRNA 
expression (Fig. 4B and C, respectively).

Coffee induced miRNAs that target KRAS gene expression. 
Previous studies have revealed that several miRNAs are 
involved in the regulation of KRAS gene expression in 
colorectal cancers (14,15). A preliminary microarray analysis 
of Caco‑2 cell miRNAs following treatment with 2.5% 
coffee extract indicated that coffee induced expression of 
miR‑30c and miR‑96, which are known to target the KRAS 
gene (data not shown). Therefore, the expression of these 
miRNAs in coffee extract‑treated Caco‑2 cells was examined. 
The expression of miR‑30c and miR‑96 in Caco‑2 cells was 
induced 3 h following the addition of 5% coffee extract and 
gradually decreased to basal levels over time (Fig. 5A and B, 
respectively). Concomitantly, KRAS mRNA expression levels 
decreased 6 h following coffee extract treatment (Fig. 5C). The 
induction of miRNAs occurred in a dose‑dependent manner 
(Fig. 5D).

Discussion

The present study reported that coffee extract reduced KRAS 
expression in Caco‑2 human colon carcinoma cells. Coffee 
extract mediated these effects by activating two miRNAs, 
miR‑30c and miR‑96, which are known to target the KRAS 
gene (Fig. 5). Coffee inhibited the proliferation of Caco‑2 
cells. As KRAS is a key molecule for cell growth and prolif-
eration mediated by EGF, the inhibition of cell proliferation 
following coffee extract may be due to the reduction of KRAS 
expression.

Previous studies have reported regulation of KRAS 
expression by miRNAs. For example, resveratrol prevents 
tumorigenesis of colorectal cancers by suppressing KRAS 
expression, which occurs by increasing miR‑96 expression (14). 
Let‑7a miRNA inhibits cell proliferation in the lung cancer cell 
line, 95D, by regulating the translation of KRAS mRNA (16). 
The miRNA miR‑30c suppresses breast cancer cell growth, 
potentially through the inhibition of KRAS signaling (17). 
Similarly, in coffee extract‑treated Caco‑2 cells, elevated 
miR‑30c and miR‑96 may suppress KRAS expression, poten-
tially by affecting KRAS mRNA stability (17). Further studies 

Figure 1. Coffee inhibits proliferation of Caco‑2 cells. Caco‑2 cells were treated with 0‑5% coffee extract for up to 3 days. On each day, cell number and 
viability were measured using a trypan blue exclusion assay. (A) Proliferation curve and (B) viability. *P<0.05, **P<0.01 and ***P<0.001 vs. 0% (n=3).

Figure 2. Coffee reduced KRAS expression in Caco‑2 cells. Caco‑2 cells 
were treated with 0‑5% coffee for 24 h, and KRAS expression was monitored 
by (A) western blot and (B) quantitative polymerase chain reaction. **P<0.01 
and ***P<0.001 vs. 0% (n=3). KRAS, KRAS proto‑oncogene, GTPase.
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are needed to clarify the mechanisms underlying regulation of 
miRNA expression by coffee extract.

The induction of miRNAs occurred 3 h following the addi-
tion of coffee extract and decreased following this. However, 
the reduction of KRAS expression started at 6 h and continued 
to 24 h (Fig. 5C). The initial reduction in KRAS expression 
by miRNAs may cause other cellular reactions to suppress the 
expression of KRAS gene. Further studies are necessary to 
clarify this issue.

Active constituents responsible for the reduction in 
KRAS expression in coffee extract‑treated Caco‑2 cells were 
demonstrated to emerge during the roasting of coffee beans 
(Fig.  4B and C). A slight reduction in KRAS expression 
occurred following exposure to 100 µM trigonelline, however, 
trigonelline is known to be decomposed by the roasting 
process. Therefore, trigonelline may not be responsible for 
the KRAS reduction observed following exposure to coffee 
extract. Multiple phenolic constituents and Maillard reaction 
products are known to form during the coffee bean roasting 
process  (18‑20). These compounds have been reported 
to possess various types of antioxidant and pro‑oxidant 
activity (21,22) and often modulate antioxidant transcription 
factors, including nuclear factor‑κB (NF‑κB) and nuclear 
factor‑E2‑related factor 2. Furthermore, these compounds 
escape digestion and pass through the upper gastrointestinal 
tract into the colon (23). Thus, these compounds may be able 
to interact with colon epithelial cells.

Previous evidence has suggested that NF‑κB is involved 
in the upregulation of miR‑30c in several biological 
responses (24,25). In addition, resveratrol, an antioxidant, acti-
vates miR‑96 in sporadic colorectal cancer cells as mentioned 
above (14). Taken together with the results of the present study, 
coffee antioxidants that emerge during the roasting process 
may upregulate miR‑30c in Caco‑2 cells by activating NF‑κB. 
Activated miR‑30c may subsequently reduce KRAS expression 
in coffee extract‑treated Caco‑2 cells. Coffee extract‑induced 
NF‑κB‑mediated activation of the ATP binding cassette 
subfamily G member 2 (Junior blood group) gene has been 
observed in Caco‑2 cells (26). Further studies are required 
to clarify the identities of the active constituents in order to 
validate this mechanism.

The results of the present study demonstrated that KRAS 
inhibition by coffee resulted in reduced proliferation of 

Caco‑2 human colon carcinoma cells through the regulation 
of miRNAs. Previous epidemiological studies indicated that 
coffee consumption is associated with a protective effect for 
colorectal cancer with a relative risk of 0.83 (95% confidence 
interval: 0.75‑0.92) in a previous meta‑analysis (27,28). The 
inhibitory effect of coffee extract on KRAS expression may be 
a key factor underlying the protective effects of coffee against 
colorectal cancer.

Mutational activation of KRAS at residues 12, 13 and 61 
is known to result in constitutive activation of downstream 
effector pathways and deregulation of cell growth, survival 
and differentiation. These are characteristics of a cancerous 
state (29). Since KRAS in Caco‑2 cells is wild‑type, a critical 
point for consideration is whether inhibition of mutated KRAS 
by coffee consumption is protective against colorectal cancer. 
Preliminary data indicated that the growth of HCT116 cells, 
which have a mutated KRAS at codon 13, is also suppressed 
by coffee extract, although the inhibition was relatively weak 
(unpublished data).

Epidemiological studies have indicated that coffee also 
confers protective effects against other cancers, including 
liver cancers  (5,28,30). KRAS is frequently mutated in 

Figure 3. Coffee reduced EGF‑induced activation of Akt and ERK in Caco‑2 
cells. Caco‑2 cells were treated with 5% coffee for 24 h, and then EGF 
(50 ng/ml) was added to the medium. Cells were harvested at the indicated 
times following the addition of EGF and the cell lysates (20 µg protein) were 
analyzed by western blotting. EGF, epidermal growth factor; Akt, protein 
kinase B; ERK, extracellular signal‑related kinase; p‑, phosphorylated.

Figure 4. Effects of major coffee constituents and roasting levels on KRAS 
expression in Caco‑2 cells. (A) Cells were treated with major coffee constitu-
ents (caffeine, caffeic acid, chlorogenic acid, and trigonelline) at 100 µM for 
24 h, and the KRAS expression was monitored by western blotting. Cells 
were treated with coffee brewed from different roasts at concentrations of 
2.5 and 5% for 24 h, and KRAS protein and mRNA levels were analysed by 
(B) western blotting and (C) quantitative polymerase chain reaction. *P<0.05 
and **P<0.01 vs. 0%. KRAS, KRAS proto‑oncogene, GTPase; IB, western 
blotting; Cntl, 0.1% DMSO control.
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multiple cancers and is therefore an attractive target for 
cancer therapy (31). Based on the results of the present, coffee 
constituents that inhibit KRAS expression may be promising 
candidates for cancer therapy, not only for colorectal cancer 
but also for other cancers. Further investigations in other 
cell lines and animals are necessary to identify these active 
constituents.
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