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Abstract

Background: Our study aimed to determine the effect of probiotic consumption containing six viable microorganisms of
30x 10" cfu Lactobacillus and Bifidobacteria strains for six months on clinical outcomes and inflammatory cytokines (TNF-q,
IFN-y, IL-6, IL-10, IL-12, IL-17A, IL-17C and 1L-22) in patients with colorectal cancer.

Methods: Fifty-two patients with colorectal cancer were randomized at four weeks after surgery to receive either a
placebo (n=25) or 30 billion colony-forming unit (CFU) of a mixture of six viable strains including 107 mg of
Lactobacillus acidophilus BCMC® 12,130, Lactobacillus lactis BCMC® 12,451, Lactobacillus casei subsp BCMC® 12,
313, Bifidobacterium longum BCMC® 02120, Bifidobacterium bifidum BCMC® 02290 and Bifidobacterium infantis
BCMC® 02129 (n=27). Patients were instructed to take the product orally twice daily for six months. Infection
status, diarrhea or hospital admission were recorded throughout the study. Blood was taken pre- and post
-intervention to measure TNF-a, IFN-y, IL-6, IL-10, IL-12, IL-17A, IL-17C and IL-22 using ELISA multiplex kit.

Results: The majority of cases (~ 70%) were in Duke’s C colorectal cancer for both groups. No surgical infection
occurred and no antibiotics were required. Chemotherapy induced diarrhea was observed in both groups. Significant
reduction in the level of pro-inflammatory cytokine, TNF-q, IL-6, IL-10, IL-12, IL-17A, IL-17C and IL-22 were observed in
CRC patients who received probiotics as compared to pre-treatment level (P < 0.05). However, there was no significant
difference in the IFN-y in both groups.

Conclusions: We have shown that probiotics containing six viable microorganisms of Lactobacillus and Bifidobacteria
strains are safe to be consumed at four weeks after surgery in colorectal cancer patients and have reduced
pro-inflammatory cytokines (except for IFN-gamma). Probiotic may modify intestinal microenvironment
resulting in a decline in pro-inflammatory cytokines.

Trial registration: NCT03782428; retrospectively registered on 20th December 2018.
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Background

Colorectal cancer (CRC) is the second most common
cancer in males and the third most common in females
in most developed countries after discounting non-mel-
anotic skin cancer [1]. It is estimated that colorectal can-
cer global incidence will reach 2.2 million new cases by
the year 2030 [2]. Thus, with this alarming prevalence
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trend and aggressive nature of the cancer, CRC deserves
international attention to further focus on understanding
the disease and discover other treatment modalities to
curb it.

For decades, functional foods such as probiotic re-
ceived wide recognition among researchers for its dis-
tinct benefits towards gut health [3, 4]. Lactobacillus and
Bifidobacteria were the most commercialized lactic acid
probiotics in the market with numbers of published
studies supported their direct benefits in preventing
CRC [5]. Among clinical benefits of probiotics, pertain-
ing to CRC surgery including reduction in the duration
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of hospital stay [6], less superficial incisional surgical site
infection [7], also preventing chemotherapy and anti-
biotic induced diarrhoea [8].

The use of probiotic as an adjunct for cancer prevention
and treatment was strongly linked with host immune re-
sponse. In vitro and in vivo studies granted promising evi-
dence on probiotic potential in preventing CRC [9]. For
instance, the use of combination of Lactobacillus acidoph-
ilus ATCC 314 and Lactobacillus fermentum NCIMB 5221
reduced cell proliferation and downregulated cellular prolif-
eration marker in the in vivo model of colorectal cancer [9].
Another study reported that Bifidobacterium adolescentis
SPM0212 significantly impeded cancer growth on three
different cell lines Caco-2, SW 480 and HT-29 [10].

Six probiotic strains contained Streptococcus thermo-
philus, Lactobacillus rhamnosus, Lactobacillus acidoph-
ilus, Lactobacillus casei, Bifidobacterium bifidum and
Bifidobacterium longum were tested on HT-29 and RKO
human colorectal cancer cell lines [11]. All microbial
strains when added to the peripheral-blood mononuclear
cells co-cultivated with HT-29 cell line caused downreg-
ulation of IL-1f, interferon gamma, IL-10 and IL-1 re-
ceptor antagonist with no effect on IL-6 and tumor
necrosis factor « (TNFa). Similar experiment was done
using RKO cell line demonstrated upregulation of TNFa
and IL-1P, whereas IL-6, IL-1 receptor antagonist and
IL-10 were inhibited at high bacteria to cell ratio [11].

Probiotics ability to modulate the inflammatory factors
and enhance immune status inspired researchers to term
this specific probiotic genera including the lactic acid
probiotics as “immunobiotics” [12]. Unfortunately, stud-
ies on “immunobiotics” effects in patients with CRC are
very limited. Therefore, this study was aimed to investi-
gate the effect of lactic acid probiotic, Lactobacillus spp.
and Bifidobacterium spp. on the clinical and circulatory
cytokines of post-surgical colorectal cancer patients.

Methods

Patient recruitment

We performed a randomized, double-blind, placebo-con-
trolled trial involving patients who were 18 years and above,
diagnosed with colorectal cancer and planned for colorectal
resection in Universiti Kebangsaan Malaysia Medical Centre
(UKMMC) from October 2016 to May 2018. We excluded
patients, who received antibiotics or consumed pro/pre/syn-
biotics product two weeks prior to recruitment, patients
with recurrent colorectal cancer, advanced metastasis, evi-
dence of recent infections and nursing or pregnant
women. The study protocol was approved by the in-
stitutional research ethics committee (UKM FPR.4/
244/TRGS/2/2014/UKM/02/3) and was registered with
the International Clinical Trial Registry Platform
(NCT03782428; retrospectively registered on 20th De-
cember 2018).

Page 2 of 8

Clinical assessment of patient

Patients’ clinical characteristics, including age, gender,
smoking habits, comorbidities, cancer stage, tumour
pathological subtype and site were identified. Patient in-
fection status within six months intervention period was
recorded including any reported case of acute gastro-
enteritis, urinary tract infection, pneumonia, surgical site
infection or required any antibiotic administration. Re-
cruited patients were randomized through simple
randomization into either treated with probiotic or pla-
cebo. Trial unblinding was done upon completion of
data analysis. Patients who underwent chemotherapy
during the six months intervention period were reviewed
and chemotherapy induced diarrhoea were evaluated
based on Common Terminology Criteria for Adverse
Events version 3.0 (CTCAEv3.0).

Treatment product and procedure

Probiotics product involved in the study was HEXBIO®
manufactured by B-Crobes Laboratories Sdn. Bhd.,
Malaysia. HEXBIO® contains 30 billion colony-forming
unit (CFU) of six viable Lactobacillus and Bifidobacteria
strains, including 107 mg of Lactobacillus acidophilus
BCMC® 12,130, Lactobacillus lactis BCMC® 12,451,
Lactobacillus casei subsp BCMC® 12,313, Bifidobacter-
ium longum BCMC® 02120, Bifidbacterium bifidum
BCMC® 02290 and Bifidobacterium infantis BCMC®
02129. Placebo samples produced were identical to the
probiotics in terms of taste and texture except it did not
contain any live microorganisms. Both samples were
prepared in a form of granules placed in aluminium foil
sachets and kept in room temperature. HEXBIO® was
labelled as AGE 1 while placebo as AGE 2.

In order to ensure post-surgery antibiotics given will
not interfere with the study results, patients were
instructed to consume the product four weeks after their
surgeries. Patients were required to take the products or-
ally twice daily for six months. We considered good
compliance when patients consumed more than 70% of
total products given. Anything less than this was
regarded as non-compliance.

Blood samples collection

Prior to surgery, five mL of blood was taken from all the
recruited patients. Blood was taken into BD vacutainer
and allowed to clot for 30 min. It was then centrifuged
for 15min at 1000Xg where the separated serum was
stored in — 80 °C freezer till analyzed. The steps were re-
peated upon completion of the six months intervention
period.

Enzyme-linked immunosorbent assay (ELISA)
Serum samples were assayed using enzyme-linked im-
munosorbent assay (ELISA) multiplex kit according to the
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manufacturer guideline (R&D System Human Magnetic
Luminex Assay: LXSAHM-08).

AN amount of 50 uL of Human Magnetic Premixed mi-
croparticle cocktail provided in the kit was added to each
well of the microplate followed by 50 pL of standards or
samples per well. The microplate was then incubated for
two hours at room temperature on a horizontal orbital
microplate shaker (0.12” orbit) set at 800 + 50 rpm. Next,
the plate was placed on a designed magnetic device before
washed with 100 pL Wash Buffer three times following
the manufacturer’s protocol. Later, 50 uL of diluted Biotin
Antibody Cocktail was added to each well and incubated
for one hour at room temperature on the shaker set at
800 + 50 rpm followed by the washing step as described
earlier. After that, the plate was again re-incubated for 30
min at room temperature on a shaker at 800 + 50 rpm
after 50 uL of diluted Streptavidin-PE was added to each
well. The wash step was repeated and finally, 100 uL. of
Wash Buffer was added in each well before the plate was
incubated for two minutes on a shaker at 800 + 50
rpm. The plate was then read using Luminex® ana-
lyser (Luminex Corporation, Austin, TX, USA).

Statistical analysis

Data were analyzed using SPSS version 22. Quantitative data
in the clinicopathological data are expressed as means +
SEM. Measured cytokine level was analyzed using non-para-
metric Wilcoxon test. P value of less than 0.05 was consid-
ered as statistically significant.
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Results

Patient recruitment

Seventy five CRC patients scheduled for bowel removal sur-
gery were screened. Only 15 patients were excluded where
ten patients refused to participate, and five patients did not
meet the inclusion criteria. The remaining 60 patients were
equally randomized through simple randomization into ei-
ther treated with probiotics or placebo. Out of 60 patients
recruited, eight patients discontinued the trial due to loss of
follow-up or compliance issues. Fifty-two patients completed
the trial where twenty-seven patients in the probiotic group
and twenty-five patients in the placebo group continued the
six months intervention period. The CONSORT diagram of
patient recruitment and analysis is shown in Fig. 1.

Clinical assessment post-intervention of colorectal cancer
patients
Table 1 demonstrates the clinicopathological characteristics
of recruited patients. Patients’ age, smoking habits and
comorbidities was comparable between the two groups.
There was no statistically difference in the patients’ ages
with the majority was in their 60s. In terms of gender, male
was dominated in both groups. The majority of patients
were non-smokers. Similarly, there was no significant differ-
ent in terms of cancer stages, cancer subtype, location and
comorbidities between the two groups. Thus, these observa-
tions indicated homogeneity among recruited patients.
Within six months intervention period, none of the pa-
tients reported to have any type of infection or required

75 Diagnosed CRC patients scheduled for surgery were

30 Probiotics

Excluded

60 Randomized
I

10 Refused to participate
5 Exclusion criteria

30 Placebo

4 weeks post-surgery, received twice daily 3gx10%
probiotics containing 6 viable microorganisms of
Lactobacillus and Bifidobacteria strains for six months.

Pre-operative blood serum was taken to measure
circulating cytokine baseline level, (TNF-a, IFN-y, IL-
6, IL-10, IL-12, IL-17A, IL-17C and IL-22.)

4 weeks post- surgery, received twice daily placebo for
six months.

Pre-operative blood serum was taken to measure
circulating cytokine baseline level. (TNF-a, [FN-y, IL-
6, 1L-10, IL-12, IL-17A, IL-17C and IL-22.)

Loss of follow-up non-compliance: 3

Loss of follow-up non-compliance: 5

Follow up at 6% month
Chemotherapy induced diarrhoea severity and patient infection status during product intervention were
recorded.
Blood serum post six months intervention were taken to re-measure circulating cvtokine level

52 blood samples were analysed

Fig. 1 CONSORT diagram of patients’ recruitment and analysis
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Table 1 Patient clinicopathological characteristics in probiotics and placebo groups
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Parameters

Probiotic (n = 27)

Placebo (n=25)

Age in years (mean + SD)

Gender (n, %)

Smoking status (n, %)

Comorbidities (n, %)

Stage (n %)

Differentiation

Location

Infection during product consumption (n, %)
Received adjuvant therapy (n, %)

Chemotherapy induced diarrhoea (n, %)
[CTCAE V 3.0]

Male

Female

Smoker

Ex- smoker

Non smoker

Hypertension

Hypertension & Dyslipidaemia

Diabetes Mellitus(DM), Hypertension
& Dyslipidaemia

Chronic Kidney Disease,
Hypertension, DM

Chronic Heart Disease,
Hypertension, Dyslipidaemia

I

Il

Il

%

Well differentiated
Moderately differentiated
Poorly differentiated
Right

Left

67.33+944
19 (70.4)

8 (29.6)

8 (29.6)

4 (24.8)

15 (55.6)
2(74)
9(333)
2(74)

2(74)

66.5 +8.57
15 (60.0)
10 (404)
4 (16.0)

10 (56.0)
11 (44.0)
2 (80)

9 (36.0)
20111

antibiotic administration. Furthermore, only a small propor-
tion of patients agreed to undergo chemotherapy or adju-
vant chemotherapy. Among them, eight patients received

probiotics while six patients consumed placebo. Chemother-
apy regime involved was XELOX, a combination of Capecit-
abine and Oxaliplatin. Among these patients, six out of
eight patients in the probiotics group and five out of six pa-
tients in the placebo group complained of having chemo-
therapy induced diarrhea. There was no difference in the (
diarrhea severity scores between the two groups. There was (
a slight increase in the number of patients who had grade II Grade 3 (
and grade III diarrhea in both groups (Table 2). (

(

Circulating pro- and anti-inflammatory cytokines in

Table 2 Chemotherapy induced diarrhoea severity based on
Common Terminology Criteria for Adverse Event version 3.0
(CTCAEV3.0) in probiotics and placebo groups

CTCAE Diarrhea Grading

Pre-treatment

Post- treatment

Probiotic (n=6)

Grade 4 (life-threatening)

Grade 5 (death)

colorectal cancer patients pre- and post-consumption of Placebo (n=5)

probiotics

Figure 2 demonstrates the level of circulating inflam-

intervention following six months of probiotics con-

Grade 1 (< 4 times/day)
Grade 2 (4-6 times/day)

sumption. The levels of pro-inflammatory cytokines of

TNF-«, IL-6, IL-10, IL-12, IL-17A, IL-17C, and IL-22

(
(
matory cytokines baseline (pre-operative) and post- Grade 3 (> 7 times/day)
(
(

Grade 5 (death)

Grade 1 (<4 times/day)
Grade 2 (4-6 times/day)
> 7 times/day)

Grade 4 (life-threatening)
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Fig. 2 The level of preoperative and post six months inflammatory markers between probiotics and placebo groups. The bar errors indicate the
standard error of mean (SEM). Asterik in the figure representing the strength of statistical difference within the groups at p < 0.05
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were significantly reduced among CRC patients as
compared to those who received placebo.

In group of patients received probiotic, there was signifi-
cant lower level of serum TNF-a (p =0.002) post-inter-
vention as compared to the baseline. Similar trends were
observed for IL-10 (p =0.028), IL-12 (p =0.005), IL-17A
(p =0.00), IL-17C (p = 0.018) and IL-22 (p = 0.018).

On the other hand, patients who consumed placebo
showed significantly increased serum cytokines post
intervention as compared to baseline: TNF-a (p = 0.005),
IL-12 (p = 0.028), IL-17C (p = 0.028) and IL-22 (p = 0.018).
The level of IL-10 and IL-17A were slightly increased;
however the changes were not statistically significant.

Our finding showed the level of pro-inflammatory IL-6
was significantly reduced in both study groups. After six
month post intervention, the level of IL-6 in patients
who received probiotics was significantly reduced from
3.88 + 3.41 pg/mL to 1.44 + 1.39 pg/mL. Remarkably, the
level of IL-6 among patients who received placebo was
also significantly reduced from 4.25+4.047 pg/mL to
0.91 + 0.49 pg/mL. Our findings showed that there was
no difference in the level of IFN-y in pre- and post-
intervention of CRC patients that received either pro-
biotic or placebo.

Discussion

Our study showed that probiotics commenced 4
weeks after surgery for colorectal cancer were safe,
did not exacerbate diarrhea, and reduced levels of
systemic production of pro-inflammatory cytokines.
This is the first local study that provides evidence
on lactic acid probiotics are safe for this particular
of patients. This finding is supported by a meta-ana-
lysis study on the probiotic safety involving 2242
cancer patients [13]. It was estimated that adverse
events occurred in 237 patients who consumed pro-
biotic. However, due to varied reporting method it
was unclear if the adverse events were link to pro-
biotic related infections [13]. Moreover, the analysis
stated that there was no death related to probiotic
reported. Therefore, this has concluded that probio-
tics are safe to be consumed by cancer patients.

In our current clinical trial, there was no differ-
ence in the diarrhea severity among patients either
taking probiotics or placebo. However, previous
study showed that probiotic was also introduced to
chemotherapy patients where the trial discovered
probiotic possesses the ability to ameliorate chemo-
therapy induced diarrhea [14]. It was hypothesized
that chemotherapy leads to gastrointestinal mucositis
through activation of nuclear factor kappa B (NF-kB)
pathway thus promoted the released of pro-inflam-
matory cytokines [14].Various experimental labora-
tory findings showed probiotic could influence
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inflammatory cytokines level thus explained it’s pro-
tective mechanism on the gastrointestinal layer.

Accumulating evidence showed overexpression of
cytokines in serum and tissues were predictive of
poor survival among CRC patients and their levels
were corresponded to higher risk of CRC [15]. One
of the studied cytokines is TNF-a, however the exact
biological role of it in cancer promotion is not fully
understood. Two possible mechanisms of which it
provides resistance to cell death and stimulates pro-
duction of pro-inflammatory cytokines, including tumor
promoting IL-17 cytokine family through the activation of
nuclear factor kappa B (NF-kB) and Jun N-terminal kinase
(JNK) pathway [16]. Whereas, IL-10 and IL-22 promote
tumor cell survival, proliferation and angiogenesis via
signal transducer and activator of transcription (STAT) 1,
3,5 signalling pathways [17].

Our current study provides evidence that probiotic has
the potential to change host inflammatory status thus pro-
duces an option for probiotic to be as supplementary for
cancer target immunotherapy. In fact, TNF-a and IL-22 an-
tagonist had shown evidence in phase I and phase III clinical
trial. However, even with encouraging outcomes, persistent
pressing issues raised on the safety of cytokine neutralizing
antibody application as a cancer target therapy particularly
regarding its concentration and toxicity level [18].

Our current study demonstrated low concentration
of IL-10 after consuming six strains of lactic acid pro-
biotics. This finding is in contrast with an in vivo
study where administration of probiotic VSL#3 for
three weeks caused an early increased in the produc-
tion of IL-10 as well as high number of regulatory
CD4+ T cells bearing surface TGF-beta in the form of
latency-associated protein (LAP) in a Thl T cell mur-
ine model of colitis [19]. Furthermore, IL-10 gene de-
ficient mice exhibited normal colonic function with
reduced TNF-a production after being treated with
VSL#3 for four weeks [20]. It is important to note
that although IL-10 is widely acknowledged as anti-
inflammatory cytokine, this is only mainly true in la-
boratory study. In contrast, IL-10 may rather manifest
itself as a pro-inflammatory factor in cancer patients.

Similar observation was also seen on IL-12 where
IL-12 acts in dual roles as either immune stimulator
or immune suppressor. Our clinical study showed the
level of IL-12 was not detectable among patients who
consumed probiotics six months post-surgery thus
supported IL-12 may act as an immune stimulator.
This is because IL-12 is a heterodimer cytokine with
two unrelated chain composition of p40 and p35 [21].
Furthermore, IL-12p40 is shared to form pro-inflam-
matory IL-23. High serum concentration of IL-23 was
associated with poor outcome and prognosis in pa-
tients with colorectal cancer [22].
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On the other hand, IL-12 was also found to facilitate
the production of anti- inflammatory IFN-y together
with IL-1, IL-2 and IL-15 [23]. In CRC, elevated serum
level of IFN-y was associated with better survival where
IFN-y impeded cell proliferation through phosphoryl-
ation of STAT-1 and inhibition of EGFR/Erk1/2 signal-
ling network [24]. Multiple experimental research
models demonstrated lactic acid bacteria induced IFN-y
production. For instance, Lactobacillus acidophilus was
able to increase the level on IFN-y level in a murine
model with induced breast cancer [25]. However, in our
trial, consuming probiotics containing Lactobacillus and
Bifidobacteria strains did not influence the level of cir-
culating IFN-y cytokine. This finding may probably sug-
gest that this particular probiotic cocktail has the
potential to influence the level of pro-inflammatory cy-
tokines but limited action towards anti-inflammatory
cytokine like IFN-y.

The reduced level of IL-6 among patients who con-
sumed probiotic in our clinical trial translated similar
findings in the recent experimental study on Lactobacil-
lus fermentum J20, J23 and J28 in a murine model [26].
Interestingly, we observed similar findings among re-
cruited patients who consumed placebo. This thought
provoking finding may reflect multiple roles of IL-6 in
human physiology. IL-6 was identified as an inflamma-
tory modulator as well correlated with body muscle-adi-
pose tissue composition, diet, exercise and bone strength
[27]. Moreover, another study observed that the level of
IL-6 was decreased as soon as 48 h post-surgery com-
pared to their pre-surgery concentration and remained
low after five days post-surgery [28]. Therefore, this may
suggest that a decreased in IL-6 level post-surgical CRC
patients following six months intervention period may
be not related to probiotics given but was rather influ-
enced by patients’ physiological status.

Although the exact mechanism of how lactic acid pro-
biotic exerts its anti-inflammatory function is continu-
ously explored, emerging evidence revealed this
probiotic has the ability to interfere with the signalling
pathways, thus effects, the level of cytokines production
[29]. For instance, an in vitro experiment on Lactobacil-
lus reuteri ATCC 6475 reported that it has the potential
to downregulate NF-kB dependent gene products which
are crucial in cell proliferation and survival [30]. Fur-
thermore, Lactobacillus acidophilus 606 was found to
cause autophagic cell death on HT-29 cell line through
enhancing the Beclin-1 network [31]. While in in vivo
study on ob/ob mice treated with probiotic VSL#3
reduced the activity of Jun N-terminal kinase (JNK) [32].

In our clinical trial, circulating inflammatory cytokines
of TNF-a, IL-10, IL-12, IL-17A, IL-17C and IL-22
remained high in colorectal cancer patients even after
removal of tumor. It was fascinating to note that the
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level of these cytokines were reduced in recruited pa-
tients who consumed probiotics. These findings may fur-
ther proposed probiotic with high potential to be a
promising supplementary for colorectal cancer preven-
tion and treatment. Nevertheless, the application of pro-
biotics in clinical settings remains to be proven in a
larger cohort.

Conclusions

This study provides evidence on lactic acid “immunobio-
tics” effects in colorectal cancer patients where con-
sumption of probiotics containing 30 billion CFU
Lactobacillus and Bifidobacteria strains twice daily for
six months reduced the level of pro-inflammatory cyto-
kines TNF-q, IL-17A, IL-17C, IL-22, IL-10 and IL-12 as
well as prevented post-surgical complications in colorec-
tal cancer patients. Furthermore, the trial also proved
consumption of probiotics twice daily for six months are
safe to be given to CRC patients who underwent surgery
and chemotherapy.
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