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BACKGROUND: Gut microbial dysbiosis contributes to the
development of colorectal cancer (CRC). We evaluated
the utility of fecal bacterial biomarker candidates identi-
fied by our 16S rDNA sequencing analysis for CRC
diagnosis.

METHODS: We measured the relative abundance of Fuso-
bacterium nucleatum (Fn), Faecalibacterium prausnitzii
(Fp), Bifidobacterium (Bb), and Lactobacillus (Lb) by
quantitative PCR in fecal samples from 2 cohorts of 903
individuals. We evaluated and validated the diagnostic
performance of these microbial ratios and investigated
the antagonistic effect of Fn against 3 different indicator
stains.

RESULTS: The microbial ratio of Fn to Bb (Fn/Bb) had a
superior sensitivity of 84.6% and specificity of 92.3% in
detecting CRC (area under the curve, AUC � 0.911).
The combination of Fn/Bb and Fn/Fp improved the di-
agnostic value (AUC � 0.943). Moreover, the combina-
tion of Fn/Bb and Fn/Fp offered 60.0% specificity and
90.0% sensitivity in detecting stage I of CRC (AUC �
0.804). In particular, Fn was negatively correlated with
Fp in the CRC group. The performance for CRC diag-
nosis was confirmed in the validation cohort II. The cul-
ture supernatant from Fn exhibited strong bactericidal
activity against probiotics Fp and Bb strains.

CONCLUSIONS: This study found that Fn could play a role
in microbiota dysbiosis via the secreted antagonistic sub-
stances against probiotics. Moreover, the ratio of Fn to

the important probiotics Fp and Bb was identified as a
valuable biomarker for screening early CRC.
© 2018 American Association for Clinical Chemistry

Colorectal cancer (CRC)6 is a lethal disease that has been
rising in incidence during recent decades, placing an in-
creasingly important burden on the healthcare system
worldwide (1 ). There is accumulating evidence that the
dysbiosis of the human gut microbiota, reflected by an
imbalance between “harmful” and “beneficial” bacteria,
is linked to CRC (2, 3 ). Recently, a number of studies
have shown that several gut bacterial species seem to be
involved in the pathogenesis of CRC (4–6 ). Fusobacte-
rium nucleatum (Fn) is an opportunistic and commensal
anaerobe that has been linked previously to periodontitis
and appendicitis (7 ). Our recent study confirmed that Fn
is a facultative intracellular anaerobe that can survive and
proliferate in macrophages (8 ). Fn was identified as a
“harmful” cancer-associated bacterium owing to its prev-
alence and overrepresentation in human CRC tissues
(5, 9 ). Multiple studies have further confirmed the in-
creased carriage of Fn in mucosal or fecal samples of CRC
patients (2, 3, 10 ) and demonstrated that the quantifica-
tion of Fn DNA or serum anti-Fn antibody is diagnosti-
cally useful in patients with CRC (11, 12 ). Either fecal
DNA measurement or serological testing based on Fn
infection provides a simple and noninvasive method to
assist in diagnosis and screening of CRC.

Conventionally, “beneficial” Lactobacillus (Lb) and
Bifidobacterium (Bb) have been employed as probiotics in
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humans, having displayed anticarcinogenic effects in an-
imal models (13 ). Faecalibacterium prausnitzii (Fp), the
sole known species of Faecalibacterium, is an antiinflam-
matory commensal anaerobe. Emerging evidence has
demonstrated that using Fp as a probiotic is a promising
strategy in treatment of colitis and CRC (14 ). Oral ad-
ministration of probiotic ameliorated colonic carcino-
genesis and inhibited the development of preneoplastic
lesions in chemically induced CRC (15 ). However, mul-
tiple epidemiological studies in humans have not pro-
vided evidence that intake of fermented dairy products is
associated with a decreased risk of CRC (16–18). The
contrasting results suggest that there is still some un-
known and complicated mechanism involved in the in-
teraction of bacteria species and that further exploration
is needed.

Microbial dysbiosis, with an increased abundance of
Fn and decreased probiota in the intestinal mucosa or
stool, has been observed in CRC animal models and pa-
tients for a long time (19–21). Recently, multiple studies
have shown that these 2 types of bacteria present opposite
proportions in CRC and healthy control groups (see Ta-
ble 1 in the Data Supplement that accompanies the
online version of this article at http://www.clinchem.
org/content/vol64/issue9). Very early studies in oral mi-
crobiota demonstrated the antagonistic interactions be-
tween Fn and Bb and other oral bacteria (22 ). However,
the role of the interaction of bacteria species in tumori-
genesis and progress of CRC remains unknown, and the
symbiosis or antagonism of Fn and intestinal bacteria is
still to be explored.

In the present study, we examined the carriage of Fn
and several probiotics in the stools of CRC patients and
healthy controls by 16S rDNA sequencing and quantita-
tive PCR (qPCR) and assessed whether an altered ratio of
Fn to probiotics was associated with clinical outcome and
might be a diagnostic biomarker for CRC. We also in-
vestigated the interaction of those species to assess both
the bactericidal activity of Fn against probiotics and the
phenomenon of the reduced carriage of probiotics in
CRC patients.

Methods

PATIENTS AND STOOL SAMPLES

Cohort I. Stool samples from 215 patients with CRC, 100
patients with nongastrointestinal cancer (NGC), and
156 healthy controls (HC) without inflammation were
collected from the Cancer Centre of Sun Yat-sen Univer-
sity. The NGC group included 36 cases of breast cancer
and 64 cases of lung cancer. The stool samples of 178
benign colon disease (BCD) patients, including 78 cases
of adenomatous polyps and 100 cases of inflammatory

bowel disease, were collected before treatment from
Guangzhou First Municipal People’s Hospital.

Cohort II. Stool samples from 152 patients with CRC
and 102 HCs were collected from the Shaanxi Provincial
People’s Hospital.

All cancers were diagnosed on the basis of the histo-
pathology examination, and the stool samples were col-
lected at the time of diagnosis, before tumor resection.
Use of antibiotics within the past 3 months was an exclu-
sion criterion in this study. Diagnosed CRC patients had
been histologically confirmed by biopsy. The CRC stage
was assessed by the TNM system according to the Amer-
ican Joint Committee on Cancer Staging Manual, Seventh
Edition. BCD was diagnosed on the basis of standard
endoscopic, histologic, and radiographic criteria. In-
formed consent was obtained for all individuals. Ethics
approval was obtained from the Ethics Committee of
Sun Yat-sen University Cancer Center (No. GZR2012-
123) and the Ethics Committee of Guangzhou First Mu-
nicipal People’s Hospital (No. K2016-001-01). The de-
mographic characteristics of participating patients and
HCs are described in Table 2 in the online Data
Supplement.

REAL-TIME QUANTITATIVE PCR

The quantification of the microbiomes’ target and refer-
ence gene (universal 16S rDNA) was performed in trip-
licate on a LightCycler® 480 II (Roche, Applied Science)
using an SYBR Green-based assay (Bio-Rad). qPCR re-
actions were amplified at 95 °C for 10 min, followed by
40 cycles at 95 °C for 15 s, 60 °C for 30 s, and 72 °C for
30 s with a final elongation at 72 °C for 10 min. Plasmid
DNA containing the respective amplicon was diluted in
10-fold increments (108–101 copies) and used as quanti-
fication standards. The abundance of target DNA and
16S rDNA was determined by comparison with the plas-
mid dilution series standard curves by use of the compar-
ative threshold cycle. Universal 16S rDNA was used as
internal control, and the abundances of gene biomarkers
were expressed as relative levels to 16S rDNA (11 ).

ANTAGONISTIC ASSAYS

The cell-free culture supernatants (CFSs) were obtained
by centrifuging the cultures, followed by filtration
through a 0.2-�m sterile syringe filter (Pall). The result-
ing filtrate (20 mL) was then transferred to a 3K MWCO
Amicon Filter (Millipore) and spun at 5000g until the
volume was concentrated to 2 mL per sample. The pro-
tein concentrations of CFSs were determined by use of a
Bradford assay kit (Bio-Rad Laboratories). Bovine serum
albumin was used as the standard.

The minimum inhibitory concentration (MIC) of
the CFSs was determined according to the standard broth
microdilution method. The filter concentrates of the

1328 Clinical Chemistry 64:9 (2018)

D
ow

nloaded from
 https://academ

ic.oup.com
/clinchem

/article/64/9/1327/5608953 by guest on 24 M
ay 2023

http://www.clinchem.org/content/vol64/issue9
http://www.clinchem.org/content/vol64/issue9


CFSs ranged from 4.336 to 0.0085 g/L for MIC deter-
mination. The lowest concentration that completely in-
hibited microbial growth, as determined by absorbance
measurements at 600 nm, was taken to be the MIC. All
reactions were carried out in triplicate.

BACTERICIDAL ACTIVITY

Cells cocultured with CFSs at 1/2 MIC, 1 MIC, and 2
MIC were collected. Staining of bacteria was performed
with the Live/Dead BacLight Bacterial Viability Kit
(L13152, Thermo Fisher) according to manufacturer’s
instructions. After being gently shaken for 15 min in a
dark condition, cells were observed with a Zeiss LSM710
confocal microscope.

Flow cytometric measurements were performed on a
flow cytometer (Merck). Cells were diluted to approxi-
mately 106 cells/mL and delivered at the low flow rate,
corresponding to approximately 150–500 cells/s. A
bandpass filter of either 530 nm (green), 585 nm (yellow-
orange), or 670 nm (red) was used. Viable bacteria were
labeled with SYTO 9 (green), whereas dead bacteria were
labeled with propidium iodide (red).

STATISTICAL ANALYSIS

All statistical analyses were carried out using the SPSS
16.0 statistical software package. The differences in
microbial biomarker levels were determined by either
the Mann–Whitney test, the �2 test, or the Wilcoxon
test. Biomarker performance was analyzed by calculat-
ing the area under the ROC curve (AUC). Further-
more, the sensitivities and specificities were compared
using the McNemar paired comparison test. A nomi-
nal value of P � 0.05 was determined to be statistically
significant.

Results

EVALUATION OF FECAL DYSBIOSIS MICROBIAL INDICATORS

(Fn/Fp AND Fn/Bb) IN PATIENTS WITH CRC

The fecal microbiota of patients with CRC (n � 20) and
HCs (n � 20) were analyzed by Illumina MiSeq sequenc-
ing. The comparison of microbiota from the 2 groups
demonstrated that in human CRC, decreases in the
abundance of Fp and Bb were coupled with increases in
Fn load (see Fig. 1 in the online Data Supplement). To
further confirm the CRC-associated fecal dysbiosis indi-
cators, carriage of Fn, Fp, Bb, and Lb was investigated in
fecal samples (n � 649) by qPCR in the discovery cohort
I. Clinical information for cohort I is described in detail
in Table 2 in the online Data Supplement.

As shown in Fig. 1A, the relative abundance of Fn
was significantly higher in CRC patients (n � 215) than
in HCs (n � 156, P � 0.0001), NGC controls (n � 100,
P � 0.0001), and BCD controls (n � 178, P � 0.043),
whereas the relative abundances of both fecal Bb and Fp

were significantly lower in CRC patients than in HCs
(both P � 0.0001) and NGC controls (P � 0.0001; P �
0.05), but not in BCD patients (Fig. 1B, C). There was
no obvious difference in the internal control biomarker
Lb between the CRC and the 3 control groups (see Fig. 2
in the online Data Supplement). Moreover, the ratio of
Fn to Fp (Fn/Fp) was significantly higher in CRC patients
than in healthy and NGC controls (both P � 0.0001),
but not in benign controls (Fig. 1D). Remarkably, the
ratio of Fn to Bb (Fn/Bb) was significantly higher in CRC
patients than in the 3 control groups (all P � 0.0001;
Fig. 1E).

Both Fn/Fp and Fn/Bb showed significantly higher
levels, whereas Fp showed significantly lower levels of
carriage in stage I of CRC than in the HCs (Fig. 1, B, D,
E), but the carriage of either Fn or Bb alone was not
significantly different in stage I than in HCs (Fig. 1A, C).
These results point to the potential of bacterial ratio in
differentiating CRC and controls.

DIAGNOSTIC VALUE OF FECAL MICROBIAL RATIO

(Fn/Fp AND Fn/Bb) FOR CRC PATIENTS

To determine whether those dysbiosis indicators had di-
agnostic value for CRC, the ROC curve was plotted to
identify a cutoff value that would distinguish CRC from
HCs. As shown in Fig. 2,A and C, the AUC for Fn, Fp,
and Bb was 0.875, 0.741, and 0.870, respectively,
whereas the AUC for Fn/Fp and Fn/Bb was 0.914 and
0.911, respectively. Table 4 in the online Data Supple-
ment shows that the Fn/Bb ratio displayed both higher
sensitivity (84.6% vs 75.2%) and specificity (92.3% vs
80.0%), and exhibited a higher positive predictive value
(85.4% vs 66.9%) and negative predictive value (91.8%
vs 85.7%) than Fn alone, based on the optimal cutoff
according to the Youden index. Moreover, Fn/Fp exhib-
ited excellent sensitivity (94.5%) and slightly lower spec-
ificity (71.28%) in distinguishing CRC from HCs. Fur-
ther, the combination of the 2 ratios of Fn/Bb and Fn/Fp
improved the diagnostic value compared with the com-
bination of 3 bacteria Fn, Bb, and Fp (AUC, 0.943 vs
0.910). Importantly, Fn/Bb could differentiate CRC pa-
tients from patients with BCD with an AUC of 0.916
(Fig. 2B) and sharply increased specificity (71.8% vs
46.2%) relative to Fn alone at a similar sensitivity of
90.0% (see Table 4 in the online Data Supplement).
These results suggested that the ratio of Fn to probiotics,
but not Fn alone, possessed good diagnostic capabilities
for CRC, and the combination of Fn/Bb and Fn/Fp of-
fered additional value in diagnosis and screening for
CRC.

EARLY DIAGNOSTIC VALUE OF FECAL MICROBIAL RATIO

(Fn/Fp and Fn/Bb) IN CRC PATIENTS

The performance of fecal microbial indicators in detect-
ing early stages of CRC was assessed in 97 patients with
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CRC at early stages (stage I, n � 38; stage II, n � 59). As
shown in Fig. 3, A and C, the AUC of Fn alone was only
0.635, whereas that of Fn/Bb and Fn/Fp reached 0.876
and 0.824, respectively. Fn/Bb and Fn/Fp showed higher

specificity than Fn alone (67.7% and 54.3% vs 35.9%) at
a similar sensitivity of 90.0%. Additionally, the AUC
for the combination of Fn/Bb and Fn/Fp reached 0.889
and offered 76.2% specificity without compromising

Fig. 1. Quantitative detection of fecal microbial indicators in CRC patients and 3 control groups.
Relative fecal abundances of F. nucleatum (Fn) (A), F. prausnitzii (Fp) (B), Bifidobacterium (Bb) (C), ratio of Fn to Fp (Fn/Fp) (D), and ratio of Fn to
Bb (Fn/Bb) (E), in 649 individuals, including 215 patients with CRC, 100 patients with nongastrointestinal tumor, 178 patients with BCD, and 156 HCs;
and in 156 HCs and 215 CRC specimens stratified according to stages (I, 38; II, 59; III, 75; IV, 43). * P < 0.01, ** P < 0.001, *** P < 0.0001.
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sensitivity (90.0%) (see Table 5 in the online Data
Supplement).

The ROC curve was plotted to discriminate stage I
CRC from HCs. The AUC of Fn, Fn/Bb, and Fn/Fp
reached 0.647, 0.738, and 0.803, respectively (Fig. 3B).
Although the combination of Fn/Bb and Fn/Fp showed
no obvious improvement for AUC (0.804), the speci-
ficity reached 60% without compromising sensitivity
(90.0%) (Fig. 3B; see Table 5 in the online Data Sup-
plement). Notably, Fn/Bb could discriminate early
CRC from patients with BCD with an AUC of 0.849
for stages I–II and 0.729 for stage I (see Fig. 3 in the
online Data Supplement). The findings validated
the use of Fn/Bb and Fn/Fp as biomarkers to increase
the diagnostic specificity for early detection of CRC
and indicated that combining the 2 ratios had a better
diagnostic value for screening the early stages of
CRC.

ASSOCIATION BETWEEN FECAL MICROBIAL DYSBIOSIS

INDICATORS AND THE CLINICOPATHOLOGICAL PARAMETERS

OF CRC

Associations between fecal microbial dysbiosis indicators
and clinicopathological parameters are presented in Ta-
ble 6 in the online Data Supplement. The levels of both
Fp and Fn/Fp were significantly associated with the clin-
ical stage (P � 0.028, P � 0.04), but they were not
associated with the characteristics of age, sex, location,
histological differentiation, T classification, lymph node
metastasis, and distant metastasis. The carriage levels of
Fn exhibited significant association with T classification
(P � 0.018). These findings suggested that high car-
riage of Fn was associated with only increased tumor
size, whereas either decreasing levels of Fp or an in-
creasing Fn/Fp were associated with CRC clinical stage
progression.

Fig. 2. Diagnostic outcomes for fecal microbial ratios of Fn to probiotics alone or in combination in the diagnosis of CRC.
ROC curves for the diagnostic strength to identify total CRC from HCs (A) and from BCD (B) with indicator of Fn, ratio of Fn to Fp, ratio of Fn to
Bb, and the combination of Fn to Bb and Fn to Fp, respectively; ROC curves to identify CRC from HCs (C) and from BCD (D) with Bb, Fp, and the
combination of Fn + Bb + Fp, respectively, in the discovery cohort.
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The associations of these microbial indicators with
biochemical indexes are presented in Table 7 in the
online Data Supplement. Fn/Fp showed association
with the inflammatory biomarker CRP (P � 0.03) but
not with other biochemical indexes including blood
sugar, serum lipid profile (TG, CHO, HDL-C,
LDL-C, apoA1, and apoB), and tumor markers (CEA
and CA199). These results indicated that the imbal-
ance in Fn and Fp may influence host inflammatory
responses. Moreover, the levels of both Bb and Fn/Bb
were significantly associated with guaiac fecal-occult
blood test (P � 0.01, P � 0.014), which is widely used
for CRC screening; this association suggests that the
imbalance of Fn and Bb may be involved in gastroin-
testinal hemorrhage.

Furthermore, Pearson correlation coefficients and
a linear regression analysis were applied to analyze the
correlation between the Fn and probiotics in CRC
patients. As shown in Fig. 4 in the online Data Sup-

plement, the quantification of Fn was negatively cor-
related with Fp (R � �0.157, P � 0.028) but had no
correlation with either Bb or Lb. These results further
implied that the impaired antiinflammatory properties
of probiotics by Fn could be a factor in colorectal
carcinogenesis.

VALIDATION IN AN INDEPENDENT COHORT

To validate the association and performance of the mi-
crobial ratio, the relative abundances of Fn, Lb, and Fp
were determined in an independent cohort of 152 pa-
tients with CRC and 102 HCs. The associations of the 3
indicators with CRC were replicated with a higher abun-
dance in Fn and a lower abundance in Bb and Fp com-
pared with HCs (all P � 0.001, see Fig. 5 in the online
Data Supplement). Consistent with the discovery cohort,
Fn/Bb and Fn/Fp showed a better performance in the
diagnosis of CRC than did Fn alone (AUC � 0.888 and
0.938 vs 0.878), while the combination of Fn/Bb and

Fig. 3. Diagnostic outcomes for fecal microbial ratios of Fn to probiotics alone or in combination in the diagnosis of early stage CRC.
ROC curves for the diagnostic strength to identify CRC in stages I+ II (A) and in stage I (B) from HCs with indicator of Fn, ratio of Fn to Fp, ratio
of Fn to Bb, and the combination of Fn/Bb and Fn/Fp, respectively; ROC curves to identify CRC in stage I + II (C) and in stage I from HC (D) with
use of Bb, Fp, and the combination of Fn + Bb + Fp, respectively, in the discovery cohort.
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Fn/Fp showed improved diagnostic ability with AUC of
0.964 and a specificity of 90.2% at a sensitivity of 90% in
the validation cohort (see Fig. 6 and Table 8 in the online
Data Supplement). Moreover, Fn/Fp was associated with
CRP (P � 0.011) and clinical stage (P � 0.043); those
results in the validation cohort were also in line with the
discovery cohort.

Furthermore, Fn/Bb and Fn/Fp demonstrated simi-
lar performance in diagnosing early CRC. The combi-
nation of Fn/Bb and Fn/Fp showed the best diagnostic
ability with AUC of 0.855 for CRC in stage I–II and
0.942 for CRC in stage I. Additionally, this combina-
tion exhibited specificities of 79.7% and 70.6%, re-
spectively, at a sensitivity of 90% in the validation
cohort (see Fig. 7 and Table 9 in the online Data
Supplement). These results suggested that the micro-
bial ratio was robust across different cohorts for CRC
diagnoses. Combining all data with a total of 367 pa-
tients with CRC and 258 HCs, the AUC of the com-
bined test were 0.961 for total CRC, 0.920 for CRC in
stage I–II, and 0.845 for CRC in stage I, respectively
(see Fig. 8 in the online Data Supplement).

BACTERICIDAL ACTIVITY OF Fn AGAINST Bb AND Fp IN VITRO

To investigate the interaction of intestinal bacteria, pro-
biotics were treated with CFSs of Fn ATCC 25586 by a
2-fold broth microdilution method. The antagonistic ac-
tivities of Fn against Fp ATCC 27766, Bifidobacterium
lactis BB-12, and Lactobacillus rhamnosus ATCC 7469
were identified by staining with SYTO 9 and propidium
iodide. As shown in Figs. 4 and 5, the viability of Fp and
Bb treated with a 2-fold serial dilution (1/2, 1, and 2
MICs) of Fn-CFSs was observed by flow cytometric anal-
ysis and confocal laser scanning microscopy. The per-
centage of live Fp decreased sharply from 87.4% to
42.0% when treated at low concentrations (1/2MIC) of
Fn-CFSs, and no bacteria survived when treated at mid-
dle concentrations (1 MIC) of CFSs. Similarly, the via-
bility of L. rhamnosus decreased dramatically when
treated with increasing concentrations of Fn-CFSs (see
Fig. 9 in the online Data Supplement).

Consistent with the results of flow cytometric anal-
ysis, the 3 test strains Fp, B. lactis, and L. rhamnosus were
observed to be either severely damaged (orange) or dead
(red) when treated with increasing concentrations of Fn-
CFSs under confocal laser microscopy. Conversely, the
control bacteria treated without Fn-CFSs were found to
be live (green) (Figs. 4B and 5B; see Fig. 9B in the online
Data Supplement).

These results suggested that Fn exerted stronger bac-
tericidal activity to Fp and B. lactis than to L. rhamnosus
in vitro, resulting in an enlarged ratio of Fn/Bb and Fn/Fp
in CRC.

Discussion

The dysbiosis of the intestinal microbiota is associated
with various disorders, such as inflammatory bowel dis-
ease and CRC (23–25). Our MiSeq analysis showed en-
riched Fusobacterium with reduced probiotics Fb and Bb
in stools of CRC patients, which indicates the possibility
of interaction among those species. Furthermore, we
demonstrated a strong bactericidal activity of Fn against
some probiotics. In line with our study, previous research
has demonstrated heteroantagonistic activity of Fn
against most oral anaerobes via a secreted bacteriocin-
like substance (22 ). In addition, production of the
bacteriocin-like substance was increased in isolates grown
with penicillin G (22 ), and a 27-kD bacteriocin has been
reported to be purified from an Fn clinical strain (26 ).
Moreover, an Fn supernatant has been reported to inhibit
growth of various Lb strains (27 ), although it is well
known that Lb exhibit the strongest antagonistic activity
against gram-negative gut bacteria (28 ). These results
indicate that Fn have antagonistic capabilities against the
most commonly used probiotics.

Bacterial diversity is different from proximal to dis-
tal locations of the gastrointestinal tract (29 ). Very inter-
estingly, Fn showed weak antagonistic activity toward the
genera Lactobacillus, an important constituent of the mi-
crobiota in the small intestine (30 ), whereas Fn exhibited
strong antagonistic activity toward Bb and Fp, which are
mainly located in the large intestine. These results sug-
gested that Fn, as a resident of the colon and the rectum,
selectively inhibit some predominant microflora of the
large intestine.

It is well known that chronic infection contributes to
tumor initiation and tumor progression. Fusobacterium
has been reckoned as a proinflammatory organism (31 )
and has also been found in BCD patients under higher
abundance (12 ). Fp, one of the most abundant bacteria
in the human gut ecosystem, can promote gut health via
its antiinflammatory role (13 ). Fn displayed the strongest
antagonistic activity toward Fp, which provides rationale
for the significantly negative correlation between Fn and
Fp in fecal samples of CRC patients in this study. These
results further suggest that inhibiting the antiinflamma-
tory effect of probiotics might be a new reason for the Fn
being involved in colorectal carcinogenesis.

Early screening for CRC holds the key to combat
and control the increasing global burden of CRC mor-
bidity and mortality. Currently, overabundance of Fn
shows potential as a risk factor for disease progression
from adenoma to cancer (32 ). A study recently demon-
strated that quantification of Fn in stools by qPCR could
discriminate CRC from controls with a high sensitivity of
77.7% and specificity of 79.5% (AUC � 0.868) (33 ).
Consistent with that study, our study showed very similar
sensitivity of 75.24% and specificity of 80.0% (AUC �
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0.875) with Fn alone. Additionally, they demonstrated
that further combination with the 4-bacteria panel only
slightly improved the specificity (79.5% vs 81.5%) based
on the same sensitivity of 77.7% (33 ). Another study has
shown that Fn alone has a good specificity of 87.0% but
a low sensitivity of 32.7% in differentiating advanced
adenoma from HCs (34 ). Although more and more
CRC-associated microbial biomarkers, such as Pepto-
streptococcus stomatis, Parvimonas micra, or Solobacterium
moorei, have been identified and evaluated for diagnosis

of CRC, the studies involved indicated that only a com-
bination of CRC-enriched bacteria was unable to im-
prove the diagnostic ability (11, 33, 35 ). The Fn bio-
marker was found significantly higher than in control
samples, starting with stage II of CRC, and had a limited
ability to discriminate in stage I CRC in those studies
(11, 34, 35 ).

Our qPCR data were encouraging as they indicated
enriched Fn and reduced Fp and Bb in CRC patients,
while the ratio of enriched to reduced microbial biomark-

Fig. 4. Bactericidal activity of Fn against Fp.
Fp was incubated with 1/2, 1, and 2 MIC CSF of Fn for 24 h and then stained by Live/Dead BacLight kit (SYTO 9 and propidium iodide). Flow
cytometric analysis of the stained Fp (A). Gates indicate the position and concentration of intact cells on the plots. Q1, dead cell; Q2, live cell;
Q3, injured cell and debris. Confocal laser-scanning microscopy images of the stained Fp (B). Live cells, green; dead cells, red; injured, yellow
and orange.
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ers Fn/Bb showed an excellent sensitivity of approxi-
mately 84.62% and specificity of 92.31%. Currently, the
plasma methylated Septin 9 gene test is used for detection
of CRC in China owing to its high sensitivity of 74.7%
and specificity of 84.7% (36 ). Importantly, Fn/Bb exhib-
ited an excellent sensitivity of 75.0% and specificity of
81.9% in diagnosis of stage I CRC. A combination of
Fn/Bb and Fn/Fp showed either a similar or better perfor-
mance than did Septin 9 in total CRC and stage I CRC
detection (36 ). These results identified the bacterial ra-

tios that possess diagnostic efficacy for screening early
CRC, demonstrating that the ratio of Fn to probiotics is
a promising quantitative indicator for evaluating the im-
balance of microbiota in CRC patients.

In summary, Fn had an antagonistic effect on pro-
biotics and was involved in the establishment of the mul-
tispecies microbial community in the large intestine. The
extracellular protein secreted by Fn exhibited strong bac-
teriostatic activity against the probiotics Fp, Bb, and Lb.
The ratios of Fn to Bb in fecal samples from CRC patients

Fig. 5. Bactericidal activity of Fn against B. lactis.
B. lactis was incubated with 1/2, 1, and 2 MIC CSF of Fn for 24 h, and then stained by Live/Dead BacLight kit (SYTO 9 and propidium iodide).
Flow cytometric analysis of the stained B. lactis (A). Gates indicate the position and concentration of intact cells on the plots. Q1, dead cell; Q2,
live cell; Q3, injured cell and debris. Confocal laser-scanning microscopy images of the stained B. lactis (B). Live cells, green; dead cells, red;
injured, yellow and orange.
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were significantly higher than those in the fecal samples
from HCs and patients with BCD, depicting the superior
sensitivity and specificity of Fn/Bb in detecting early
stages of CRC. Finally, a combination of Fn/Bb and
Fn/Fp had a superior sensitivity and specificity in detect-
ing stage I of CRC. With all of these data in consider-
ation, it is clear that Fn/Bb and Fn/Fp combinations have
potential as useful noninvasive screen biomarkers for
early CRC. The development of microbial ratio detec-
tion approaches will be valuable for prospective epidemi-
ological surveillance and large-scale screening of early
CRC.

Author Contributions: All authors confirmed they have contributed to
the intellectual content of this paper and have met the following 4 require-
ments: (a) significant contributions to the conception and design, acquisi-
tion of data, or analysis and interpretation of data; (b) drafting or revising
the article for intellectual content; (c) final approval of the published article;
and (d) agreement to be accountable for all aspects of the article thus
ensuring that questions related to the accuracy or integrity of any part of the
article are appropriately investigated and resolved.

S. Guo, study concept and design, drafting of the manuscript, statistical
analysis; L. Li, acquisition of data, statistical analysis; B. Xu, acquisition

of data, statistical analysis; M. Li, acquisition of data, statistical analysis;
Q. Zeng, acquisition of data, analysis and interpretation of data, statis-
tical analysis; H. Xiao, analysis and interpretation of data, statistical
analysis; Y. Xue, statistical analysis; Y. Wu, analysis and interpretation
of data; Y. Wang, drafting of the manuscript, statistical analysis; W.
Liu, study concept and design, critical revision of the manuscript for
important intellectual content, administrative support, provision of
study material or patients; G. Zhang, study concept and design, draft-
ing of the manuscript, critical revision of the manuscript for important
intellectual content, administrative support.

Authors’ Disclosures or Potential Conflicts of Interest: Upon man-
uscript submission, all authors completed the author disclosure form. Dis-
closures and/or potential conflicts of interest:
Employment or Leadership: None declared.
Consultant or Advisory Role: None declared.
Stock Ownership: None declared.
Honoraria: None declared.
Research Funding: G. Zhang, National Natural Science Foundation
of China (No.81673005) and National Natural Science Foundation of
Guangdong Province (No.2017A030313746); W. Liu, National key
research and development program (No.2016YFC1302704).
Expert Testimony: None declared.
Patents: None declared.

Role of Sponsor: The funding organizations played no role in the
design of study, choice of enrolled patients, review and interpretation of
data, or final approval of manuscript.

References

1. Levin B, Lieberman DA, McFarland B, Andrews KS,
Brooks D, Bond J, et al. Screening and surveillance for
the early detection of colorectal cancer and adenoma-
tous polyps, 2008: a joint guideline from the American
Cancer Society, the US Multi-Society Task Force on Colo-
rectal Cancer, and the American College of Radiology.
Gastroenterology 2008;134:1570 –95.

2. Wu N, Yang X, Zhang R, Li J, Xiao X, Hu Y, et al. Dysbiosis
signature of fecal microbiota in colorectal cancer pa-
tients. Microb Ecol 2013;66:462–70.

3. Ahn J, Sinha R, Pei Z, Dominianni C, Wu J, Shi J, et al.
Human gut microbiome and risk for colorectal cancer.
J Natl Cancer Inst 2013;105:1907–11.

4. Bullman S, Pedamallu CS, Sicinska E, Clancy TE, Zhang
X, Cai D, et al. Analysis of Fusobacterium persistence
and antibiotic response in colorectal cancer. Science
2017;358(6369):1443– 8.

5. Castellarin M, Warren RL, Freeman JD, Dreolini L, Krzy-
winski M, Strauss J, et al. Fusobacterium nucleatum in-
fection is prevalent in human colorectal carcinoma. Ge-
nome Res 2012;22:299 –306.

6. Dejea CM, Fathi P, Craig JM, Boleij A, Taddese R, Geis
AL, et al. Patients with familial adenomatous polyposis
harbor colonic biofilms containing tumorigenic bacte-
ria. Science 2018;359(6375):592–7.

7. Signat B, Roques C, Poulet P, Duffaut D. Fusobacterium
nucleatum in periodontal health and disease. Curr Is-
sues Mol Biol 2011;13:25–36.

8. Xue Y, Xiao H, Guo S, Xu B, Liao Y, Wu Y, Zhang G. In-
doleamine 2,3-dioxygenase expression regulates the
survival and proliferation of Fusobacterium nucleatum
in THP-1-derived macrophages. Cell Death Dis 2018;9:
355.

9. Kostic AD, Gevers D, Pedamallu CS, Michaud M, Duke F,
Earl AM, et al. Genomic analysis identifies association of
Fusobacterium with colorectal carcinoma. Genome Res
2012;22:292– 8.

10. Gao Z, Guo B, Gao R, Zhu Q, Qin H. Microbiota disbiosis
is associated with colorectal cancer. Front Microbiol
2015;6:20.

11. Yu J, Feng Q, Wong SH, Zhang D, Liang QY, Qin Y, et al.
Metagenomic analysis of faecal microbiome as a tool
towards targeted non-invasive biomarkers for colorec-
tal cancer. Gut 2017;66:70 – 8.

12. Wang HF, Li LF, Guo SH, Zeng QY, Ning F, Liu WL, Zhang
G. Evaluation of antibody level against Fusobacterium
nucleatum in the serological diagnosis of colorectal
cancer. Sci Rep 2016;6:33440.

13. Kahouli I, Tomaro-Duchesneau C, Prakash S. Probiotics
in colorectal cancer (CRC) with emphasis on mecha-
nisms of action and current perspectives. J Med Micro-
biol 2013;62:1107–23.

14. Miquel S, Leclerc M, Martin R, Chain F, Lenoir M, Ragu-
ideau S, et al. Identification of metabolic signatures
linked to anti-inflammatory effects of Faecalibacterium
prausnitzii. MBio 2015;6:e00300 –15.

15. Sokol H, Pigneur B, Watterlot L, Lakhdari O, Bermudez-
Humaran LG, Gratadoux JJ, et al. Faecalibacterium
prausnitzii is an anti-inflammatory commensal bacte-
rium identified by gut microbiota analysis of Crohn dis-
ease patients. Proc Natl Acad Sci 2008;105:16731– 6.

16. Capurso G, Marignani M, Delle Fave G. Probiotics and
the incidence of colorectal cancer: when evidence is not
evident. Dig Liver Dis 2006;38 Suppl 2:S277– 82.

17. Nolfo F, Rametta S, Marventano S, Grosso G, Mistretta
A, Drago F, et al. Pharmacological and dietary preven-
tion for colorectal cancer. BMC Surg 2013;13 Suppl
2:S16.

18. Mueller S, Saunier K, Hanisch C, Norin E, Alm L, Midt-
vedt T, et al. Differences in fecal microbiota in different
European study populations in relation to age, gender,
and country: a cross-sectional study. J Appl Microbiol
2006;72:1027–33.

19. Akin H, Tozun N. Diet, microbiota, and colorectal can-

cer. J Clin Gastroenterol 2014;48 Suppl 1:S67–9.
20. Wong JM, de Souza R, Kendall CW, Emam A, Jenkins

DJ. Colonic health: fermentation and short chain fatty
acids. J Clin Gastroenterol 2006;40:235– 43.

21. Chen W, Liu F, Ling Z, Tong X, Xiang C. Human intes-
tinal lumen and mucosa-associated microbiota in
patients with colorectal cancer. PloS One 2012;7:
e39743.

22. Okamoto AC, Gaetti-Jardim E, Jr., Cai S, Avila-Campos
MJ. Influence of antimicrobial subinhibitory concentra-
tions on hemolytic activity and bacteriocin-like sub-
stances in oral Fusobacterium nucleatum. New Micro-
biol 2000;23:137– 42.

23. Frank DN, St Amand AL, Feldman RA, Boedeker EC, Har-
paz N, Pace NR. Molecular-phylogenetic characteriza-
tion of microbial community imbalances in human in-
flammatory bowel diseases. Proc Natl Acad Sci 2007;
104:13780 –5.

24. Manichanh C, Rigottier-Gois L, Bonnaud E, Gloux K, Pel-
letier E, Frangeul L, et al. Reduced diversity of faecal
microbiota in Crohn’s disease revealed by a metag-
enomic approach. Gut 2006;55:205–11.

25. Sobhani I, Tap J, Roudot-Thoraval F, Roperch JP, Letulle
S, Langella P, et al. Microbial dysbiosis in colorectal can-
cer (CRC) patients. PloS One 2011;6:e16393.

26. Ribeiro-Ribas RN, de Carvalho MA, Vieira CA, Apolonio
AC, Magalhaes PP, Mendes EN, et al. Purification and
partial characterization of a bacteriocin produced by an
oral Fusobacterium nucleatum isolate. J Appl Microbiol
2009;107:699 –705.

27. Testa MM, Ruiz de Valladares R, Benito de Cardenas IL.
Antagonistic interactions among Fusobacterium nu-
cleatum and Prevotella intermedia with oral lactoba-
cilli. Res Microbiol 2003;154:669 –75.

28. Lievin-Le Moal V, Servin AL. Anti-infective activities
of lactobacillus strains in the human intestinal
microbiota: from probiotics to gastrointestinal anti-

1336 Clinical Chemistry 64:9 (2018)

D
ow

nloaded from
 https://academ

ic.oup.com
/clinchem

/article/64/9/1327/5608953 by guest on 24 M
ay 2023



infectious biotherapeutic agents. Clin Microbiol Rev
2014;27:167–99.

29. Eckburg PB, Bik EM, Bernstein CN, Purdom E, Dethlef-
sen L, Sargent M, et al. Diversity of the human intestinal
microbial flora. Science 2005;308:1635– 8.

30. Maier E, Anderson RC, Roy NC. Understanding how
commensal obligate anaerobic bacteria regulate im-
mune functions in the large intestine. Nutrients 2014;
7:45–73.

31. Moreira Junior G, Ribeiro Sobrinho AP, Bambirra BH,
Bambirra FH, Carvalho MA, Farias LM, et al. Synergistic

growth effect among bacteria recovered from root canal
infections. Braz J Microbiol 2011;42:973–9.

32. Geng J, Fan H, Tang X, Zhai H, Zhang Z. Diversified pat-
tern of the human colorectal cancer microbiome. Gut
Pathog 2013;5:2.

33. Liang Q, Chiu J, Chen Y, Huang Y, Higashimori A, Fang
J, et al. Fecal bacteria act as novel biomarkers for non-
invasive diagnosis of colorectal cancer. Clin Cancer Res
2017;23:2061–70.

34. Wong SH, Kwong TNY, Chow TC, Luk AKC, Dai RZW,
Nakatsu G, et al. Quantitation of faecal Fusobacterium

improves faecal immunochemical test in detecting ad-
vanced colorectal neoplasia. Gut 2017;66:1441– 48.

35. Flanagan L, Schmid J, Ebert M, Soucek P, Kunicka T,
Liska V, et al. Fusobacterium nucleatum associates with
stages of colorectal neoplasia development, colorectal
cancer and disease outcome. Eur J Clin Microbiol Infect
Dis 2014;33:1381–90.

36. Jin P, Kang Q, Wang X, Yang L, Yu Y, Li N, et al. Perfor-
mance of a second-generation methylated SEPT9 test in
detecting colorectal neoplasm. J Gastroen Hepatol
2015;30:830 –3.

A Simple, Novel Fecal Biomarker for Colorectal Cancer

Clinical Chemistry 64:9 (2018) 1337

D
ow

nloaded from
 https://academ

ic.oup.com
/clinchem

/article/64/9/1327/5608953 by guest on 24 M
ay 2023


