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Abstract. The present study investigated the expression and 
clinical significance of flavin‑containing monooxygenase 5 
(FMO5) in colorectal cancer (CRC). The expression of FMO5 
was detected by immunohistochemistry in 208 colon cancer 
tissues and 8 normal colon tissues. Then, the correlations of 
FMO5 expression with several clinicopathological features 
were evaluated. FMO5 mRNA expression from The Cancer 
Genome Atlas dataset was assessed for further validation. In 
addition, the association of the expression of FMO5 with prog-
nosis was further evaluated by Kaplan‑Meier survival curves 
and Cox proportional hazards model. The FMO5 protein level 
in colon cancer tissues was significantly higher than that in 
normal colon tissues (P<0.001). Overexpression of FMO5 was 
associated with an advanced clinical stage of cancer (P=0.018) 
and lymph node metastasis (P=0.03). The TCGA dataset 
also demonstrated that FMO5 was upregulated in CRC with 
advanced clinical stage (P=0.047), lymph node metastasis 
(P=0.045) and distant metastasis (P=0.030). The Kaplan‑Meier 
survival curves showed that higher FMO5 mRNA indicated a 
shorter overall survival in patients with CRC compared with a 
low expression of FMO5 (P=0.029). Cox proportional hazards 
regression revealed that a high FMO5 mRNA level served 
as an independent prognostic factor for patients with CRC 
(hazard ratio, 2.865; 95% confidence interval, 1.116‑7.355; 
P=0.029). A high expression of FMO5 may serve roles in 

colorectal carcinogenesis and distant metastasis. FMO5 may 
be an independent predictive factor for the prognosis of CRC.

Introduction

Colorectal cancer (CRC) is the 3rd most commonly diagnosed 
cancer and the fourth leading cause of death worldwide (1). The 
routine prognostic factors for patient survival are histological 
grade and tumor staging (1,2), which is depending on the depth 
of tumor invasion, involvement of regional lymph nodes, and 
metastatic spread to other organs (3). Distinct molecular drivers 
and prognosis may be implicated in the same stage of CRC 
patients. Therefore, it is imperative to better understand the 
carcinogenic and molecular markers of CRC and to identify 
new therapeutic targets for the treatment of this disease.

The flavonoid monooxygenase family (FMO) includes 
a large variety of endogenous and exogenous substrates (4). 
FMO‑catalyzed oxygenation usually produces polar and rela-
tively stable, nontoxic products that are easily excreted from 
the body, allowing FMOs to become an important part of meta-
bolic detoxification (5). Flavin‑containing monooxygenase 5 
(FMO5) is classified as an oxidoreductase, and it is possible 
that its effects are mediated through regulation of the cellular 
redox state. The ability of FMO5 to catalyze a Baeyer‑Villiger 
oxidation reaction was demonstrated in a study of an anticancer 
therapeutic (6). Bièche et al found that overexpression of FMO5 
significantly associated with longer relapse‑free survival (RFS) 
among postmenopausal patients with breast carcinoma (7). 
Miller et al showed that the overexpression of FMO5 upregu-
lated the expression of progesterone receptor B; Consequently, 
progesterone enhanced the carcinogenicity of tamoxifen in 
breast cancer (8). However, the roles of FMO5 in CRC remain to 
be explored and discussed.

This study aimed to detect the expression of FMO5 in CRC 
and investigate the correlations between FMO5 expression and 
clinicopathological characteristics, including prognosis.

Materials and methods

Tissue samples. Tissue microarray (TMA, no. CO2161) was 
purchased from Alenabio Biotechnology Co., Ltd. (Xian, China), 
which was constructed from 208 histologically confirmed CRC 
samples and 8 normal colon tissues. The clinical information of 
these samples was collected. All human tissues were collected 
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under IRB and HIPPA approved protocols. All samples had 
tested negative for HIV and hepatitis B and were approved 
for commercial product development. In addition, we used a 
publically available dataset: The Cancer Genome Atlas (TCGA) 
dataset with 192 primary CRC tissues and mRNA sequences.

Immunohistochemistry analysis. Dako Envision Systems 
(Dako  Diagnostics  AG, Zug, Switzerland) were applied 
for immunohistochemistry (IHC) analysis. In short, TMA 
specimens were blocked with proteolytic digestion and using 
peroxidase, followed by incubation with 1:50 anti‑FMO5 mono-
clonal antibody (ab189516; Abcam, Cambridge, MA, USA) 
at 4˚C overnight. After washing in PBS, peroxidase‑labeled 
antibodies and substrate chromogen applied to visualize the 
staining of the target proteins.

Evaluation of immunostaining. TMA slides were scanned 
using a ScanScope and analyzed using ImageScope v11 soft-
ware (Aperio Technologies, Vista, CA, USA). Immunostaining 

was scored by two independent experienced pathologists, 
who were blinded to the clinicopathological data and clinical 
outcomes of the patients. Antigen expression was evaluated 
in a semi‑quantitative manner. Each specimen was assessed 
for staining intensity as follows: Non-significant brown, weak 
brown, moderate brown, and strong brown staining intensities 
were scored as 0, 1, 2, and 3, respectively. The percentage of 
immunoreactive cells was rated as follows: 1 points, <25%; 
2  point,  25‑50%; 3  points,  50‑75%; 4  points,  >75%. The 
immunoreactivity score (IRS) was determined by multiplying 
intensity and and extent of positivity scores of stained cells. 
The final scores from the pathologists were compared, and 
any inconsistencies were were resolved by discussion between 
these two pathologists. The samples were classified as high 
(based on an IRS value >4) and low (based on an IRS value ≤4) 
levels per FMO5 protein expression (Wang et al, 2013).

Statistical analysis. Statistical analyses were performed 
by means of SPSS 21.0 software (SPSS, Inc., Chicago, IL, 

Table I. Correlation of FMO5 expression with clinico‑pathological characteristics of colon cancer.

	 TMA	 TCGA
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinical features	 Case	 Low, n (%)	 High, n (%)	 P‑value	 Case	 Mean ± SD	 P‑value

Tissue
  Cancer	 208	 44 (21.2)	 164 (78.8)	 <0.001	 192	 297.70±218.89	 ‑
  Normal	 8	 7 (87.5)	 1 (12.5)		  ‑
Age (years)
  <25	 2	 10 (37.0)	 17 (63.0)	 0.015	 0	 ‑	 0.529
  25‑40	 27	 23 (22.6)	 70 (77.4)		  3	 204.00±26.47
  41‑60	 93	 10 (11.6)	 76 (88.4)		  38	 52.36±205.20
  >60	 86	 10 (37.0)	 17 (63.0)		  151	 306.00±224.02
Sex
  Male	 118	 23 (19.5)	 95 (80.5)	 0.501	 94	 288.88±213.95	 0.586
  Female	 90	 21 (23.3)	 69 (76.7)		  98	 306.16±224.30
Pathological grade
  ≤2	 150	 26 (17.3)	 124 (82.7)	 0.090	 ‑	 ‑	 ‑
  >2	 41	 12 (29.3)	 29 (70.7)	 ‑	 ‑	 ‑
Clinical stage
  I‑II	 150	 38 (25.3)	 112 (74.7)	 0.018	 108	 326.62±246.68	 0.047
  III‑IV	 58	 6 (10.3)	 52 (89.7)		  81	 262.37±173.24
Tumor invasion
  T1‑T2	 23	 4 (17.4)	 19 (82.6)	 0.790	 172	 298.73±256.84	 0.988
  T3‑T4	 185	 40 (21.6)	 145 (78.4)		  4	 298.15±208.42
Lymph node metastasis
  N0	 153	 38 (24.8)	 115 (75.2)	 0.030	 114	 324.77±242.47	 0.045
  N1‑2	 55	 6 (10.9)	 49 (89.1)		  77	 260.16±173.12
Distant metastasis
  M0	 197	 44 (22.3)	 153 (77.7)	 0.125	 158	 313.67±230.88	 0.030
  M1	 11	 0 (0.0)	 11 (100.0)		  30	 218.50±131.43

‑, indicates a lack of related information for the patient. The pathological grade of 17 CRC patients from TCGA were unavailable. FMO5, 
flavin‑containing monooxygenase 5; TMA, tissue microarray; TCGA, The Cancer Genome Atlas.
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USA). Statistical analysis was performed using Pearson's 
Chi‑squared and Fisher's exact tests to compare the relativity 
of FMO5 expression with clinicopathological characteristics. 
The Kaplan‑Meier method was used to calculate the actual 
survival rate and to plot survival curves, followed by the 
log‑rank test for clinical and histological variables. Univariate 
and multivariate Cox proportional hazards models were 
performed to obtain prognostic factors and corresponding 
hazard ratios (HRs) for different factors with 95% confidence 
intervals (CIs). P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

High FMO5 protein was associated with aggressive CRC. 
First, FMO5 expression was detected in a TMA using IHC 
staining (Fig. 1A). We found that the expression of FMO5 
significantly increased in CRC compared to that in normal 
colon tissues (P<0.001) (Fig.  1B). The staining of FMO5 
was localized within the cytoplasm of colorectal and normal 
glandular epithelial cells (Fig. 1C‑E).

The study further analyzed the correlation between 
FMO5 expression and clinical or pathological characteristics 
of the tissues in patients with CRC. Table I showed that the 
high FMO5 protein expression was associated with older age 
(P=0.015), advanced clinical stage (P=0.018) and lymph node 
metastasis (P=0.030). However, no relationship was observed 
between FMO5 expression and other clinical features, such as 
gender, pathological grade, tumor invasion, and distant metas-
tasis (all P>0.05). These findings indicated that high levels of 
FMO5 expression correlated with aggressive clinical features 
in CRC.

Overexpression of FMO5 mRNA was associated with 
aggressive CRC in TCGA. FMO5 mRNA expression data of 
192 primary CRC patients from TCGA was used to validate the 
findings of TMA. As shown in Table I, FMO5 was upregulated 

in CRC with advanced clinical stage (P=0.047), lymph node 
metastasis (P=0.045), and distant metastasis (P=0.030).

To reveal whether high FMO5 mRNA expression was a 
prognostic factor in patients with CRC, the Kaplan‑Meier 
survival analysis was performed and K‑M curve was plotted 
for groups classified by high and low FMO5 expression 
levels (Fig. 2). The mean FMO5 mRNA level in the TCGA 
dataset was used as a cutoff to segregate patients into high‑ and 
low‑FMO5 expression groups (9). Interestingly, the overall 
survival after surgery in the high‑FMO5 expression groups 
were 7.81±12.5 months while in the low‑FMO5 expression 
groups were 8.21±14.1 months. Actually, high FMO5 expres-
sion in CRC patients indicated a shorter survival compared 
with those having low expression (log rank=4.776; P=0.029).

FMO5 was an independent prognostic factor for the survival 
of patients with CRC. The study analyzed whether FMO5 
expression could predict the prognosis of patients with CRC. 

Figure 1. Immunohistochemical staining for FMO5 in colon cancer and normal colon tissues. (A) Staining pattern of the TMA section. (B) Immunoreactive 
score in cancerous tissues was higher than in normal colon tissues (IRS: Normal: 3.50±1.69 vs. cancer: 7.24±2.20, P=0.000). **P<0.01. (C) Images showing a 
strong FMO5 staining in the cytoplasm of tumor cells. The C is enlarged images of L04 spot. (D) FMO5 expression was weak in the cytoplasm of cancer cells. 
The D is enlarged images of K04 spot. (E) FMO5 expression was negative in the normal colon tissues. The E is enlarged images of L18 spot. The red arrows 
in C and D show positively stained cells. Original magnifications, x100 and x400. FMO5, flavin‑containing monooxygenase 5.

Figure 2. OS curves of CRC patients with high and low FMO5. OS, overall 
survival; CRC, colorectal cancer; FMO5, flavin‑containing monooxygenase 5.
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Univariate analysis revealed that FMO5 could serve as a 
valuable prognostic factor for the overall survival rate of 
patients with CRC (HR, 2.326; 95% CI, 1.062‑5.091; P=0.035). 
Multivariate analysis further revealed that high FMO5 
expression served as independent prognostic factor for the 
overall survival rate of patients with CRC (HR, 2.865; 95% 
CI, 1.116‑7.355; P=0.029), as shown in Table II.

Discussion

Research has helped us accumulate extensive knowledge 
about FMOs since they were founded by Ziegler in the early 
1970s (10). FMOs family consists of a group of important 
drug‑metabolizing enzymes, which catalyze oxidation reac-
tions that are complementary to cytochrome P450‑mediated 
biotransformations  (11). Among all the isoforms, FMO3 
is the primary enzyme in human hepatic metabolism and 
helps to the metabolism of a variety of common drugs (12). 
However, recent studies have shown that FMO5 mRNA 
is almost the same as FMO3 in adult liver and occupy 
the leading position in the small intestine in humans (13). 
FMO5 is classified as an oxidoreductase, whose effects 
are quite likely to be mediated by means of adjusting the 
cellular redox state. Although highly expression of FMO5 
is found in the liver of mice  (14) and humans  (15), but 
very little is known about the function of this protein. The 
knowledge on FMO5 substrates is limited (16‑18): Known 
catalysis of FMO5 are the N‑oxygenation of short‑chain 
aliphatic primary amines such as N‑octylamine (19) and the 
S‑oxygenation of S‑methyl‑esonarimod, an active metabolite 
of the antirheumatic esonarimod (17,20). Sandra found that 
interindividual variation in FMO5 expression (8,16,21,22) 
might make contribution to diversity in fat deposits and 
plasma cholesterol, and some therapeutic agents induced 
FMO5 expression may have an adverse effect on the patient's 
metabolic health  (23,24). The development of CRC is 
known to be closely related to diet, lifestyle, and metabolic 

syndrome. However, the relationship between FMO5 and 
CRC remains unclear.

This study showed that FMO5 was primarily located 
in the cytoplasm of CRC epithelial cells, and upregulated 
in CRC tissues in comparison with that in normal colon 
tissues by a human TMA containing 208 primary CRCs and 
8 normal colon tissues. Moreover, it was found that FMO5 
upregulation was associated with advanced clinical stage 
and lymph node metastasis. Further, these detections were 
acknowledged in the TCGA dataset, in which significant 
correlations between FMO5 overexpression and advanced 
clinical stage, lymph node involvement and distant metas-
tasis were procured. However, no association was found 
between high FMO5 protein expression and distant metas-
tasis by TMA, which may due to the small sample size as 
there were only 11 M1 patients. In general, these findings 
strongly recommended that FMO5 was associated with CRC 
progression.

Moreover, the correlation between FMO5 mRNA expres-
sion and overall survivals of patients were analyzed. The 
results indicated that patients with high FMO5 expression 
were found to have a shorter overall survival (P=0.029). The 
Cox proportional hazards model further showed that overex-
pression of FMO5 was an independent prognostic factor of 
poor prognosis for patients with CRC.

The expression of FMO5 should be compared among 
normal, benign and cancer tissues, which will do help to better 
and further explore the roles of FMO5 in CRC. And we also 
expect to investigate the correlations of FMO5 with other 
putative markers like Kras, p53, Braf, TS. However, these data 
were unavailable, and we could not investigate these features 
and relationships. In our future study, we will further investi-
gate such aspects and the molecular characteristics of FMO5.

In conclusion, high FMO5 was associated with aggressive 
CRC, and may predict shorter survival for patients with CRC. 
The molecular activities of FMO5 in CRC still require further 
investigation.

Table II. Prognostic value of FMO5 expression in OS.

	 OS
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 HR (95% CI)	 P‑value

Univariate analysis
  Sex (male vs. female)	 0.722 (0.294‑1.770)	 0.476
  Age, years (≥60 vs. <60)	 2.698 (0.625‑11.652)	 0.184
  Clinical stage (I‑II vs. III‑IV)	 1.809 (0.735‑4.453)	 0.197
  T stage (T1‑2 vs. T3‑4)	 2.408 (0.555‑10.437)	 0.240
  N stage (N0 vs. N1‑2)	 1.633 (0.674‑3.956)	 0.278
  M stage (M0 vs. M1)	 2.706 (1.023‑7.162)	 0.045
  FMO5 expression (low vs. high)	 2.326 (1.062‑5.091)	 0.035
Multivariate analysis
  Sex (male vs. female)	 0.573 (0.231‑1.426)	 0.231
  Age, years (≥60 vs. <60)	 2.451 (0.710‑8.464)	 0.156
  FMO5 expression (low vs. high)	 2.865 (1.116‑7.355)	 0.029

FMO5, flavin‑containing monooxygenase 5; OS, overall survival; HR, hazard ratio; CI, confidence interval.
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