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Intestinal bacterium-derived cyp27a1 prevents  
colon cancer cell apoptosis
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Abstract: The pathogenesis of metastasis of colon cancer (Cca) is to be further investigated. The dysfunction of 
apoptotic mechanism plays a role in the cancer cell over growth. This study tests a hypothesis by which intestinal 
bacterium-derived cyp27a1 prevents apoptosis in colon cancer cells. In this study, the levels of cyp27a1 in human 
stool samples were assessed by enzyme-linked immunosorbent assay. The apoptosis of Cca cells was observed by 
flow cytometry. The expression of cyp27a1 was assessed by real time RT-PCR and Western blotting. We observed 
higher levels of cyp27a1 in the stool samples of Cca patients than that from healthy subjects. Cca colon epithelial 
biopsy contained high levels of cyp27a1 protein, but not the cyp27a1 mRNA. Cyp27a1 prevented Cca cell apoptosis 
induced by vitamin D3. In conclusion, intestinal bacterium-derived cyp27a1 facilitates Cca survival by inhibiting Cca 
cell apoptosis.  
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Introduction

Colon cancer (Cca) is the cancer in the colon. It 
is due to the abnormal growth of cells that have 
the ability to invade or spread to other parts of 
the body [1]. Signs and symptoms may include 
blood in the stool, a change in bowel move-
ments, weight loss, and feeling tired all the 
time [2]. The pathogenesis of Cca is unclear [3]. 
In the cases with early diagnosis and early 
treatment, the therapeutic results are quite 
encouraging [4]. However, because of the ana-
tomical feature, a large part of Cca patients are 
diagnosed at the advanced stage, among which 
a large portion of the patients with remote Cca 
metastasis; the therapeutic results of those 
patients is relatively poor currently [5, 6]. 

It is suggested that dysfunction of the apoptot-
ic mechanism contributes to the pathogenesis 
of cancer [7, 8]. Apoptosis is a process of pro-
grammed cell death that occurs in multicellular 
organisms [9]. Apoptotic cells have characteris-
tic cell morphology changes, including bleb-
bing, cell shrinkage, nuclear fragmentation, 
chromatin condensation, chromosomal DNA 
fragmentation, and global mRNA decay [10, 
11]. In healthy human beings, the body cells die 
regularly, while cancer cells proliferate fast or 

out of control [12]. Such a phenomenon is impli-
cated as the dysfunction of the apoptotic mech-
anism; the causative factors are unclear yet. 

A number of factors can regulate apoptosis 
[13], such as the binding of nuclear receptors 
by glucocorticoids [14], heat [15], radiation 
[16], nutrient deprivation [17], viral infection 
[18], hypoxia [19]. In addition, the activated 
vitamin D3 (VD3) can also induce cancer cell 
apoptosis [20]. VD3 can be converted to its bio-
active form by cytochrome p450 27B1 
(cyp27b1) [21]; the activated form of VD3 can 
be inactivated by cyp27a1 [22]. It seems that 
deregulation of cyp27a1 may be associated 
with the reduction of cancer cell apoptosis. Yet, 
the regulation of cyp27a1 in cancer patients 
remains less understood. In this study, we 
observed high levels of cyp27a1 in the stool 
samples of Cca patients. Data from in vitro 
study showed that cyp27a1 inhibited Cca cell 
apoptosis induced by VD3. 

Materials and methods

Ethic statement

This study was approved by the Human Ethic 
Committee at Harbin Medical University. All the 
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experimental procedures were carried out in 
accordance with the approved guidelines. An 
informed written consent was obtained from 
each human subject. 

Collection of human stool samples

From each human subject, stool samples 
(about 5 g/sample) were collected into a sterile 
plastic bag immediately after release. Imme- 
diately, a portion of the samples was processed 
for protein extraction. A portion of the samples 
was processed for bacterial culture. Human 
subjects consisted of 32 Cca patients and 20 
healthy subjects. The Cca (19 males; 13 
females; age: 35-68 years old) was diagnosed 
by clinical doctors and pathologists, and treat-
ed with the routine procedures in our hospital. 

Extracting fecal DNA and protein

The fecal samples mixed with RNAprotect 
Bacteria Reagent (Qiagen) were homogenized 
to a uniform consistency, and RNA was routine-
ly extracted from 0.3 g of the fresh fecal materi-
als using the RNeasy Mini Kit (Qiagen), follow-
ing the manufacturer’s instructions. Protein 
was extracted from 0.5 g of the fecal materials 
using a protein extracting kit (Merck Millipore), 
following the manufacturer’s instructions. The 
protein was quantified using the BCA method 
with a Pierce™ BCA Protein Assay Kit (Thermo 
Fisher Scientific), following the manufacturer’s 
instructions. Approximately 1.0 × 109 cells 
grown in BM2 were harvested at an OD600 = 
0.5, mixed with RNAprotect Bacteria Reagent 
(Qiagen), and stored at -80°C. Isolation of total 
RNA and assessment of its quantity and quality 
were performed as previously described (26). 

Assessment of cyp27a1

Proteins were extracted from the stool samples 
and quantitated with the BCA method. The con-
tents of cyp27a1 were determined by enzyme-
linked immunoassay (ELISA) with commercial 
reagent kits (Biocompare), following the manu-
facturer’s instructions.

Real time quantitative RT-PCR (qPCR)

To quantify the expression of cyp27a1 in intes-
tinal bacteria, the extracted bacterial RNA was 
reversely converted to cDNA with a reverse 
transcription kit (QuantiTect Reverse Transcri- 

ption Kit, Qiagen). The cDNA was amplified in a 
Bio-Rad CFX 384 Real-time system with the 
SYBR Green Master Mix (Invitrogen) and a pair 
of primer of cyp27a1 (tgccttctctgagcctgaaa and 
gcatctccagctctgcaatc), or β-actin (cgcaaagacct-
gtatgccaa and cacacagagtacttgcgctc). The 
results were calculated with the 2-ΔCt method, 
and presented as fold change against a control 
group. 

Western blotting

To determine the levels of protein, the total pro-
tein was fractioned by SDS-PAGE and trans-
ferred onto a PVDF membrane. After blocking 
with 5% skim milk, the membrane was incubat-
ed with the primary antibodies and followed by 
incubating with the second antibodies (labeled 
with peroxidase). Washing with TBST (Tris-
buffered saline Tween 20) was performed after 
each time of incubation. The membrane was 
developed with the enhanced chemilumines-
cence and photographed with an image pro-
cessing system (UVI, Cambridge, UK). 

Cell culture

T84 cells (a human Cca cell line) were cultured 
in Dulbecco’s modified Eagle medium supple-
mented with 10% fetal bovine serum, 100 U/ml 
penicillin, 0.1 mg/ml streptomycin and 2 mM 
L-glutamine. The cell viability was greater than 
99% before using for further experiments as 
assessed by Trypan blue exclusion assay. The 
cell number was quantified with a flow 
cytometer. 

Assessment of apoptotic cells

T84 cells were dissociated from the culture 
flask with trypsin-EDTA (0.25%; Thermo Fisher 
Scientific). The cells were stained with an 
Annexin V reagent kit and propidium iodide (5 
µg/ml) (Sigma Aldrich), following the manufac-
turer’s instructions. The rate of apoptotic cells 
was analyzed by flow cytometry. 

RNA interference (RNAi)

RNAi of cyp27a1 in T84 cells were performed 
with a cyp27a1 shRNA kit (Santa Cruz Biotec), 
following the manufacturer’s instructions. The 
RNAi results were assessed by Western 
blotting. 
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Statistics

Data are presented as mean ± SD. The differ-
ence between two groups was assessed by the 
Student t test, ANOVA if more than two groups. 
P<0.05 was set as a criterion of significance. 

Results

High levels of cyp27a1 are detected in the 
stool of patients with Cca

We collected the stool samples from Cca 
patients and analyzed by ELISA. The results 
showed that cyp27a1 was detected in the stool 
samples, which was higher in Cca patients than 
in healthy subjects (Figure 1A). We assumed 
that the cyp27a1 was produced by intestinal 
bacteria. To test this, we isolated bacteria from 
the stool samples. The bacteria were analyzed 
by RT-qPCR and Western blotting. The results 
showed that the bacteria expressed cyp27a1 at 
both mRNA and protein levels, which was high-
er in Cca patients than in healthy subjects 
(Figure 1B, 1C). 

Colon epithelium from Cca patients contains 
higher cyp17a1 than normal subjects

Considering the cyp27a1 produced by intesti-
nal bacteria might be absorbed by the intesti-
nal epithelial cells, we collected colon epithelial 
samples from Cca patients and non-cancer 
subjects. The samples were analyzed by 
RT-qPCR and Western blotting. As shown by 
Figure 2, significantly higher protein levels of 
cyp27a1 were detected in samples from Cca 
patients as compared with samples from non-
cancer subjects, while the mRNA levels of 
cyp27a1 were not different between Cca 
patients and non-cancer subjects. The results 
suggest that the cyp27a1 detected in the epi-
thelial samples is not produced by the epitheli-
al cells, but absorbed from the bacterium-
derived cyp27a1 of the intestinal tract. 

Cyp27a1 indirectly speeds up Cca cell growth

To determine the significance of the phenome-
non that the epithelial cells absorbing more 

Figure 1. Cca patient stool bacteria express high levels of cyp27a1. A: The bars indicate the cyp27a1 protein levels 
(by ELISA) in stool samples of 32 Cca patients and 20 healthy subjects. B and C: The bars indicate the mRNA levels 
of cyp27a1 (B: By RT-qPCR) and the immune blots indicate the protein levels of cyp27a1 (C: By Western blotting) 
in bacteria isolated from the stool samples. Data are presented as mean ± SD. *, P<0.01, compared with healthy 
subjects. Samples from individual patients were analyzed separately. Antibody of cyp27a1 was purchased from 
Santa Cruz Biotec (Santa Cruz, CA). 

Figure 2. Colon epithelial cells absorb cyp27a1 from the intestinal tract. A: The immune blots indicate the cyp27a1 
protein levels in colon epithelial samples (analyzed by Western blotting). The samples were collected from 20 non-
cancer subjects and 20 Cca patients. B: The bars indicate the integrated density of the immune blots of panel A 
(summarized from all the readouts of the individual samples). C: The bars indicate the cyp27a1 mRNA levels of 
the samples (analyzed by RT-qPCR). Data of bars are presented as mean ± SD. *, P<0.01, compared with the non-
cancer group. 
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cyp27a1 in Cca patients than in non-cancer 
subjects as shown by Figure 2, we tested the 
effects of cyp27a1 on Cca cell growth. T84 
cells (a colon cancer cell line) were cultured in 
the presence of VD3 or/and cyp27a1. Addition 
of VD3 to the culture significantly suppressed 
the cell growth, which was abolished by the 
presence of cyp27a1 (Figure 3). The results 
indicate that VD3 can slow down the cancer cell 
growth, which can be antagonized by the pres-
ence of cyp27a1. 

Cyp27a1 interferes with VD3-induced Cca cell 
apoptosis

The data of Figure 3 implicate that VD3 may 
induce Cca cell apoptosis. To test this, we ana-
lyzed the cells treated with the procedures of 
Figure 3. As shown by flow cytometry data, the 
presence of VD3 significantly induced Cca cell 
apoptosis, which was abolished by the pres-
ence of cyp27a1 (Figure 4A-F). Since cyp27b1 
can induce cancer cell apoptosis via activating 
VD3 [23], cyp27a1 can inactivate the activated 
VD3 [24], we inferred that the role of cyp27a1 in 
experiments of Figure 4A-C was inhibition of 
the Cca cell apoptosis induced by cyp27b1. To 
test this, we added VD3 to cyp27b1-deficient 
Cca cell (Figure 4G) culture. Indeed, the VD3-
induced Cca cell apoptosis (as shown by Figure 
4B) was abolished (Figure 4D, 4E). 

Discussion

The therapeutic effect on advanced Cca is poor 
currently. The present study revealed a novel 

the immune system develops different mecha-
nisms to keep a balance with the microbiome 
[26]. If these mechanisms are impaired, it may 
cause tumor growth [27]. The present data pro-
vide previous unknown data that intestinal bac-
teria over produce cyp24a1 in Cca patients, 
which may be one of the reasons to contribute 
the genesis of Cca. The underlying mechanism 
still needs further investigation. 

It is reported that the bioactive form of VD3 can 
inhibit cancer growth. Wierzbicka et al indicate 
that VD3 analogues have low calcemic activity, 
such as calcipotriol or 20(OH)D3, are very pro- 
mising candidates for Cca therapy [28]. Ben-
Eltriki et al indicate that calcitriol (the bioactive 
form of VD3) has cancer preventive function by 
inducing cancer cell apoptosis [29]. Our data 
are in line with those previous studies by show-
ing that exposure of Cca cells to VD3 resulted in 
Cca cell apoptosis, in which cyp27b1 played a 
critical role since that was abolished by knock-
down of cyp27b1. 

The present data also revealed that cyp27a1 
blocked the VD3-induced Cca apoptosis. 
Cyp27a1 is another enzyme of VD3; it inacti-
vates the bioactive form of VD3, the calcitriol. 
Diesing et al also found that upon exposure to 
VD3, breast cancer cells secreted cyp27a1 to 
degrade cancitriol and suggested that this is a 
self-protective function of cancer cells [30]. Our 
data show that there is another source of 
cyp27a1 in the body; intestinal bacteria can 
produce cyp27a1, which can be absorbed by 

Figure 3. cyp27a1 interferes with the effect of VD3 on suppression of can-
cer cell growth. The bars indicate the number of T84 cancer cells at time 
points from 0 hr to 144 hr. Control: T84 cells were cultured in the presence 
of PMA (40 ng/ml). VD3: In the presence of VD3 (10 nM) and PMA (Phorbol 
12-myristate 13-acetate; Sigma Aldrich). VD3/cyp27a1: In the presence of 
VD3, PMA and cyp27a1 (10 nM). Data of bars are presented as mean ± 
SD. *, P<0.01, compared with the control group. VD3 was purchased from 
Sigma Aldrich (St. Louis., MO). Cyp27a1 was provided by Sangon Biotech 
(Shanghai, China). 

phenomenon that the stool 
samples of Cca patients con-
tained high levels of cyp27a1, 
which could be absorbed by 
the colon epithelial cells. Cyp- 
27a1 inhibited Cca cell apop-
tosis induced by VD3. The 
results implicate that cyp27a1 
indirectly facilitate Cca growth. 

The epithelial surfaces of the 
body are colonized by a large 
number of microorganisms, 
which represent the so-called 
normal microbiome. Cumula- 
tive studies suggest that the 
activities of the microbiome 
are associated with cancer 
genesis and progression [25]. 
Under physiological condition, 
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the epithelial cells. Actually, Cca cells are trans-
formed from the intestinal epithelial cells. The 
large quantity of cyp27a1 in the intestinal epi-
thelial cells may be one of the factors blocking 
the epithelial cell apoptosis. 

In summary, the present data show that intesti-
nal bacteria produce a large quantity of 
cyp27a1, which blocks the intestinal epithelial 
cell apoptosis. 
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