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Abstract
Background: Scientific evidence indicates that 
imbalances in the composition of gut microbiota are 
closely linked to the onset of many diseases. This study 
aimed to employ Next Generation Sequencing (NGS) to 
investigate gut microbial imbalances in Bangladeshi 
female breast cancer patients, enabling simultaneous 
analysis of numerous bacterial DNA fragments. 
Materials and methods: In this case-control study, stool 
sample was collected from 30 cases of Bangladeshi female 
breast cancer patients and 30 female controls. Microbial 
genomic DNA was isolated to amplify targeted (V3-V4) 
region of the 16S ribosomal RNA (rRNA) gene. After 
indexing, NGS was done in Illumina sequencer using the 
MiSeq platform. Data were analyzed using QIIME and 
MiSeq Reporter to identify microbiome. 
Results: Microbial differences were noted in Bangladeshi 
female breast cancer patients compared to the control 
group. At the phylum level (L2) 15 Operational 
Taxonomic Units (OTUs) were identified, fourteen phyla 
belonging to domain Bacteria and other to the domain 
Archaea. In the control group, bacteria belonging to 
phylum Firmicutes (44%) were dominant, were as in cases 
phylum Bacteroidetes were dominant. At the order level 
(L4) 53 OTUs were identified. In breast cancer and 
control groups, bacteria belonging to order Bacteroidales 
were dominant. In this research, gut microbial variation in 
Bangladeshi female breast cancer patients from that of 
controls was observed. 
Conclusion: The emerging connection between the gut 
microbiome and female breast cancer could serve as a 
valuable lead for future research. Potential impact of gut 
microbiome would be further investigated for better 
management of female breast cancer patients.  

Key words: Breast cancer; Gut microbiome; Next 
Generation Sequencing (NGS); 16S rRNA.

Introduction 
Recent advancements in medical research suggest 
that humans host billions of bacteria, known as 
microbiota, which play a significant role in their 
genetic makeup.1 The collection of genomes of 
microbiota is referred as microbiome.2 The 
differences in the microbiome among individuals, 
as revealed by the Human Microbiome Project 
(2008 to 2013) suggest its potential role as an 
influencing factor for disease development.  
Metabolites released by gastrointestinal 
microbiota, may play essential roles in influencing 
host immunity and overall health.3 Germ-free 
models, which are raised in sterile environments 
without microorganisms, effectively highlight the 
essential role of gut microbiota in developing 
immunity.4 This suggests a potential connection 
between gut microbiota and various human 
diseases. In the past decade, numerous intriguing 
links between gut microbiota and risks of obesity, 
metabolic disorders, and inflammation have been 
documented. Epidemiological data, animal studies 
and in vitro research have demonstrated that 
reproductive hormones, especially estrogen, are 
crucial in the development of breast cancer.5 Gut 
microbiota affects estrogen balance through 
enterohepatic circulation, with bacterial species 
producing  β-glucuronidases and  β-glucuronides 
playing a key role in estrogen metabolism by 
enabling its deconjugation and conjugation.6 This 
process reactivates unbound estrogens, allowing 
them to re-enter the bloodstream, which may 
influence hormonal disorders such as ER/PR+ 
breast cancer.6 In this context, intestinal 
microflora can be regarded as an environmental 
factor contributing to the development and 
progression of breast cancer.7 The review of Thu 
M S et al. clarifies the intricate interactions 
between the microbiome, breast cancer and 
treatment options, aiming to establish connections 
that could enhance research efforts and advance 
personalized medicine to improve patient quality 
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of life.8 Studies show that breast  cancer patients 
often have less diverse gut microbiota than 
healthy individuals, with higher levels of 
Firmicutes and lower levels of Bacteroidetes.9  
Previously, staining and microbial cultures 
identified only a small fraction of microbes due to 
the difficulty in culturing 20% to 60% of human 
bacteria.10 Metagenomics uses advanced 
genomics to study microbial communities directly 
in their natural settings, bypassing the need for 
isolation or cultivation.4 When Next Generation 
Sequencing (NGS) is used as a high-throughput 
approach for molecular research, a huge number 
of bacterial DNA fragments can be thoroughly 
analyzed at the same time. The 16S rRNA gene is 
highly conserved across many bacteria, but its 
hypervariable regions, which vary between 
bacteria.11

The present research aimed to determine the gut 
microbiome of the Bangladeshi female breast 
cancer patients through NGS. This microbiome 
profiles may help in the development of gut 
microbial genome data bank biomarkers for 
female breast cancer patients of Bangladesh.  The 
results of this study could also assist clinicians in 
diagnosing breast cancer by analyzing changes in 
the composition of gut microbiota. Emerging 
treatment strategies for breast cancer that target 
the gut microbiome, including prebiotics, 
probiotics and dietary changes, are still in early 
stages and will be further investigated in future 
research.  

Materials and methods  
Following formal approval from the Institutional 
Review Board (IRB) of Bangabandhu Sheikh 
Mujib Medical University (BSMMU) this case-
control study was conducted in the Department of 
Anatomy, BSMMU, Dhaka, Bangladesh from 
March 2018 to January 2020 where the cases were 
female having breast cancer and the controls were 
females without that. The patients were recruited 
from the Department of Surgery of Bangladesh 
Medical College Hospital and the Department of 
Surgery and the Department of Oncology, 
BSMMU. All the females were informed about 
the ethical aspects relevant to the present study 
and ‘informed written consent’ was taken from 
each participant. Approximately 90 female breast 
cancer patients were interviewed, most of them

could not be included as the sample because of 
their co-morbidities. The participants who was 
smoker, had respiratory and digestive tract 
infection, thyroid disease, coronary artery disease, 
stroke, use antibiotics, pregnant or breast feeder 
was excluded.5 To complete the study in time and 
make its cost affordable, thirty cases and thirty 
controls were selected initially. Out of sixty 
samples, genetic sequencing of only 11 cases and 
10 controls were done considering the quality of 
DNA. 
The participants were provided a stool collection 
kit named “OMNIgene.GUT Feces Collection Kit 
(DNA Genotek, Canada)” as well as explained the 
procedure so that their queries were answered by 
the investigator. A leaflet describing the collection 
procedure was also provided, which increased 
their confidence regarding this procedure.  
Genomic DNA of the microbiota was isolated 
from feces samples by means of QIAamp DNA 
Stool Mini Kit (Qiagen, Germany) and FavorPrep 
Stool DNA Isolation Kit (Favorgen, Taiwan). 
After isolation, the quantity and DNA purity was 
assessed using the NanoDrop spectrophotometer. 
The absorbance at 260 
nanometers and 280 nanometers and the A260/A280 ratio 
was recorded. The DNA concentration was found at a 
time from NanoDrop 2000 Spectrophotometer. 
Primer set for the amplification of the targeted 
region of the gut microbiome was selected. The 
16S V3-V4 region was the target of the primers 
employed in this technique, which were selected 
from the Klindworth et al. article as the most 
efficient bacterial primer pair.12 Illumina adapter 
overhang nucleotide sequences were 
supplemented to the gene specific sequences. 
Polymerase Chain Reaction was performed using 
one µL of genomic DNA, one µL of prepared 
forward and reverse primers, 12.5 µL KAPA HiFi 
master mix and rest filled with 9.5 µL nuclease-
free water in a PCR tube. The reaction mixture 
was briefly (10-20 seconds) centrifuged and then 
placed in a thermal cycler. Gel electrophoresis of 
amplicons produced by PCR was done to check 
whether the desired DNA segment was amplified 
or not. After checking, amplicons were cleaned up 
using AMPure XP beeds (Beckman Coulter, 
USA). The Qubit Fluorometer was used to 
measure each purified amplicon (Thermo Fisher 
Scientific, USA).  



Original Article JCMCTA 2024 ; 35 (2) : 17-21

19

The library of the targeted genomic DNA was 
prepared for Next Generation Sequencing. The 
V3-V4 region of the selected 16S rRNA genes 
was prepared in accordance with "16S 
Metagenomic Sequencing Library Preparation" 
module provided by Illumina. Following the 
module, the target amplicon was attached to dual 
index barcodes and Illumina sequencing adapters. 
For sequencing desired libraries were pooled 
together employing the complement of Nextera 
XT indices. 
The quality and quantity of the NGS Library 
quality were checked. The hypervariable V3-V4 
regions of the 16S rRNA were sequenced using 
Illumina MiSeq paired-end sequencing at Apical 
Scientific Sdn Bhd in Selangor, Malaysia. Paired 
300 bp reads and MiSeq Reagents Kit v3 were 
used and sequencing was completed in Illumina 
Miseq Sequencer (Illumina, San Diego, USA).  
The sequenced data generated after Next 
Generation Sequencing was available in 
BaseSpace and analyzed in the MiSeqReporter 
software. QIIME software was used for taxonomy 
categorization and quality reads filtering.16 The 
samples' taxonomic makeup was assessed, and a 
reference-based method based on the database of 
16S rRNA gene sequences was used to identify 
the microbiome up to the order level. Greengenes 
v. 13.5.  
Statistical Package for Social Science (SPSS) 
version 23.0 (IBM Corporation) was used to 
analyze the socio-demographic data. 
 
Results 
A case-control study was conducted involving 60 
participants with an average age spanning from 
30 to 70 years while maximum belonged to the 
age group of 41 to 50 years. About 70% of the 
breast cancer cases developed the disease before 
age 50, and 56.67% experienced menarche before 
age 12, while only 26.6% of the controls had 
menarche before age 12. Most of the cases had 
their first live pregnancy before age 21 and the 
use of hormonal contraceptives was higher 
among them, at 56.7%. The demographic data 
was shown in Table I.  

Table I Demographic and reproductive characteristics of 
the controls and cases 

Paired-end sequencing on Illumina MiSeq of fecal 
samples showed that all 21 samples were positive 
for the presence of bacterial DNA. On an average 
1421950.615 paired reads per sample were 
yielded. At L2 (phylum), the Bacteroidetes, 
Firmicutes, and Proteobacteria constituted the 
majority of the microbiota in stool samples in both 
of the groups and the remaining phyla constituted 
only a fraction of the gut microbiota composition 
in the samples. Relative percentage distribution of 
microbiota at the phylum level in case and 
controls are presented in Figure 1.

Figure 1 Relative percentage distribution of microbiota at 
the phylum level (L2) in two groups 

At the order level (L4) 53 OTUs were identified. 
Among which, 51 orders were from the domain 
Bacteria and the rest two were from the domain 
Archaea. In both breast cancer and control 
females, bacteria belonging to order Bacteroidales 
were dominant and constituted the following 
percentage of bacterial composition: 55.6% in the 
cases and 42.7% in the controls. Relative 
percentange distribution of microbiota at the order 
level (L4) in case and controls are presented in 
Figure 2. 

 

Parameter 	 Breast cancer patient 	 Control	 p-value  
	 mean (± SD)	 mean (± SD)

Age in years 	 46.7 (± 8.2) 	  37.3 (± 12.5) 	 0.001* 
Age at menarche 	 11.7(±1.6) 	 12.4(±1.4) 	 0.096 
Parity 	 2.1(±0.2) 	 1.5(±1.3) 	 0.047* 
Age at first childbirth 	 18.6(±3.4) 	 24(±3.8) 	 0.004* 
Age at menopause 	 42.3(±3.6) 	 43.3(±2.6) 	 0.447 
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Figure 2 Relative percentage distribution of microbiota at 
the order level (L4) in the two groups

Orders with a representation of 0.5% and higher relative 
abundance are presented in Figure 3. 

Figure 3 Relative abundance of microbiota among the 
cases and control at the order level (L4) 

Discussion 
The comparative bacterial percentages at the 
phylum level (L2) observed in this study are 
consistent with those reported by Luu et al.13 
Their study found that in female breast cancer 
patients, Firmicutes and Bacteroidetes were the 
two most prevalent phyla, representing 39.4% and 
13.0% of all bacteria respectively. 
In this study, the relative percentages of 
Firmicutes and Bacteroidetes among the controls 
were 44% and 42.7% respectively. Lin et al. 
found that over 80% of the gut microbiome in 

healthy adults from both Bangladesh and the 
United States is made up of Firmicutes and 
Bacteroidetes.14 Additionally, a study of the 
Western Indian population reported a higher 
relative percentage of Bacteroidetes in the control 
group (71.5%) and a Bacteroidetes/Firmicutes 
(B/F) ratio of 1.9 in cases versus 0.031 in 
controls.15

At the order level (L4), both groups were 
primarily dominated by Bacteroidales, with the 
phylum Bacteroidetes mainly represented by this 
order under the class Bacteroidia. Goedert et al. 
found that Clostridiales and Bacteroidales were 
more prevalent in postmenopausal female breast 
cancer patients, similar to the current study.16 A 
study from China found a higher percentage of 
Enterobacteriales in female breast cancer patients, 
which contrasts with the present study's findings.14 
In the current study, Bacteroidales accounted for 
42.7% in the controls, while Clostridiales was less 
prevalent in the case group (19.3%) compared to 
the controls (38.4%). This result is consistent with 
the findings of Goedert et al.16

Limitations 
Considering the cost and amount of data 
generated, 30 female breast cancer patients and 30 
females without breast cancer were selected, and 
this was mostly due to the limitations with the 
time. Out of sixty samples, genetic sequencing of 
only 11 cases and 10 controls were done due to 
financial restraints.  

Conclusion 
As this study is one of the first 16S metagenomics 
study on female breast cancer patients in 
Bangladesh to date. With this sample size, it was 
observed that the fecal microbiota of women with 
breast cancer was compositionally different from 
that of similar women without breast cancer. The 
findings imply that the gut microbiota may affect 
breast cancer risk.  This study may serve as a 
baseline data for further investigation of female 
breast cancer based on metagenomics study. 

Recommendation 
Multicenter study with larger sample size is 
recommended to comprehend the link between the 
gut microbiome and breast cancer to develop 
tailored therapies aimed at enhancing patient 
outcomes. 
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