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Background: There may be a link between oral micro-biota and a higher risk of 
cancer of lung, according to many researches. However, there has not been much 
research done on the possible link between male nonsmokers' salivary microbiota 
and lung cancer. Furthermore, there is a paucity of research on the connection 
between immunohistochemical markers and the salivary microbiota.

Objective: To find an association between lung cancer and salivary microbiome in 
non-smoker males as well as a relationship between immunohistochemical markers 
and salivary microbiota. 

Methodology: This study was conducted at the Pulmonology Department, 
Combined Miitary Hospital, Peshawar Pakistan for duration of six months from 
January 2021 to June 2021.  A 16S rRNA gene amplicon sequencing was used to 
evaluate the salivary flora of 120 non-smoker male lung cancer patients and 80 
healthy persons. Furthermore, we found a correlation coefficient among the salivary 
micro-biota and three immunohistochemistry markers likeTTF-1, Napsin A, and CK7 
using Spearman's rank.

Results: The lung cancer patients exhibited considerably lower microbial richness 
and diversity compared to the control group (p < 0.0001). The comparison of the 
similarity analysis between the control group and lung cancer patients showed clear 
changes in the composition of their flora. (p=0.001). Notably, non-smoking lung 
cancer male patients had comparatively greater levels of the genera of bacterial 
"Sphingomonas" (P < 0.05) and "Blastomonas" (p = 0.0001), while the control group 
had higher levels of the genus "Acinetobacter" (p = 0.001) and "Streptococcus" (P = 
0.01). 

Conclusion: The study demonstrated that salivary flora might be a useful resource 
for identifying non-invasive lung cancer biomarkers. The study additionally identified 
distinct salivary microbiome patterns in male lung cancer patients who do not 
smoke. It proposed potential connections between the immune-cyto-chemistry 
markers and salivary microbiota used in clinical diagnostics. 
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Introduction

lobally, the majority of the cancer-related deaths Goccurs due to lung cancer, responsible for about 
1300,000 fatalities.  While cancer of lung is 

commonly associated with smoking, according to 
worldwide data, tobacco smoking cannot be linked to 
15% of instances of lung cancer in male and 53% in 

2women.  People who do not smoke who have been 
confirmed to have lung cancer are frequently seen as a 

3different group.  In comparison with non-small cell lung 
cancer (NSCLC) in smokers, non-small cell lung cancer 
(NSCLC) in non-smokers is clinically described by an high 
frequency in men and a greater prevalence of 

4adenocarcinoma.
Oral disorders, systemic diseases, and potentially 
systemic tumors have been the focus of recent advances 

5in the study of the oral flora.  It has been suggested that 
the host's immune-inflammatory response and the oral 

6microbiome are in a state of dynamic balance.  The 
respiratory tract of human serves as the principal and 
reliable entry route for many types of bacteria, mostly 
airborne but also those spread by saliva. Oral bacterial 
communities most likely seed the lungs with oral bacteria 
and can arise from the environment through inhalation or 

7from the oropharynx and tracheobronchial.   
This association reaches into the systemic circulation and 
is essential to understanding illnesses and creating non-

8invasive treatment methods.  But smoking cigarettes may 
upset the oral microbiome's delicate equilibrium, which 
could change functioning pathways and have an impact 

9on illnesses linked to smoking.  Prior research on the oral 
microbiome in lung cancer did not adequately account for 
confounding variables like smoking in the detection of 
bacterial biomarkers, nor did it routinely analyse clinical 

10 samples depending on smoking status. Furthermore, 
there are not many studies describing the oral microbiota 
of male nonsmokers who have lung cancer. It is thought 
that genetic predisposition and environmental variables 
increase non-smokers' chance of developing lung 

11cancer.
The primary objective of the current study is to present 
diverse experimental and methodological perspectives to 
enhance our understanding of the impact of changes in 
the oral flora on onset of disease or progression through 
different stages.
In this pilot investigation, we used 16S rRNA gene 
sequencing to thoroughly compare the salivary flora of 
male nonsmoking lung cancer patients and normal 
control people. The purpose of our investigation was to 
find out dysbiosis with respect to of structure, composi-
tion, and function within the salivary microbiome and to 
clarify the differences in the balance of the microbiome in 
male lung cancer patients who do not smoke.
Furthermore, we identified a link between the distinct 
microorganisms associated with lung cancer and the 

salivary microbiota, as well as immunocytochemical 
markers such as napsin A, thyroid transcription factor 

12 (TTF-1),and cytokeratin (CK7). To improve evaluations 
for people and communities at risk, community-level 
salivary microbial indicators might be enhanced by 
evaluating the effect of oral flora composition. This is 
especially relevant in developing non-invasive diagnostic 
procedures.

Objective

To find an association between lung cancer and salivary 
microbiome in non-smoker males as well as a relationship 
between immunohistochemical markers and salivary 
microbiota.

Methodology

This study was conducted at the Department of 
Pulmonology, Combined Miitary Hospital, Peshawar – 
Pakistan for duration of six months from January 2021 to 
June 2021. PRoBE design was the foundation upon which 

13 the study was built. Prior to determining the outcome, a 
crucial component of the PRoBE design is the prospec-
tive collection of clinical samples from a study appropriate 
to the therapeutic application. In order to avoid potential 
biases that are frequently observed during the discovery 
stage, PRoBE concepts must be incorporated early in the 
development of biomarker tests proposed for approval 

13from FDA and clinical usage.
Male smokers who had recently been diagnosed with lung 
cancer but had not yet received treatment, as well as 
healthy controls were gathered from Combined Miitary 
Hospital, Peshawar. The patients were only eligible if they 
were male with non-small-cell lung cancer diagnosis. The 
criteria for exclusion were a recorded history of alcohol or 
tobacco use, signs of metastatic, prior use of radiation or 
chemotherapy previous to saliva collection, and a 
diagnosis of other cancers during the five years before to 
collection of saliva. To match the research group, healthy 
controls were chosen based on factors such as age, 
gender, and alcohol and tobacco use.  Written informed 
consents and data sheets for questionnaire were 
collected from all individuals who willingly participated to 
serve as sample donors. This study's experimental 
protocols and methodologies were all carried out in 
compliance with the relevant guidelines and standard 
operating procedures. 
Before the samples were collected, the participants were 
asked to refrain from eating, drinking, and using 
mouthwash for at least two hours. Whole saliva that had 
not been stimulated was routinely obtained, handled, and 
preserved in accordance with previously established 

14guidelines.  After that, the centrifugation of the whole 
saliva samples was done for 15 minutes at 4°C at 2,600 × 
g. then the pellet was frozen promptly and then kept at -
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80°C until the test was conducted. 
The 5-μm thick, formalin-fixed, paraffin-embedded tissue 
sections of each case were used for the immunohisto-
chemical investigation of the resected tumours, and all 
slides were stained using a Bench Mark Autostainer 

15equipped with an EnVision detection system.  Following 
the manufacturer's instructions, the extraction of DNA 
was done through UltraClean Microbial DNA Isolation Kit 
(MO BIO Laboratories Inc., Carlsbad, California, USA).
STAMP was used for graphical representations of the 

16data.  Without a specific indication, the presentation of 
data was done in the form of Mean and ± SD. The 
unpaired-sample t-tests and Mann-Whitney test and 
were used to evaluate continuous variables comparing 
independent samples. Results with P-values less than 
0.05 were deemed statistically significant. Using Spear-
man's rank correlation, the statistical dependency among 
continuous variables was assessed. Specifically, the 
ANOSIM test was utilized to assess differences in 
microbial community composition. All analyses were 
conducted using the SPSS statistical package, version 
24.0 (SPSS).

Results

For this study, a total of 200 participants were included. 
There were 120 males patients with non smoking lung 
cancer while 80 were healthy controls. There was an age 
match between the group of lung cancer and the healthy 
control group (60.51 ± 6.35 vs. 58.03 ± 6.65, correspon-
dingly, P = 0.104). Table 1 displays the clinical characteris-
tics and demographics of all participants (80 healthy 
controls and 120 cancer patients).
Male lung cancer patients who do not smoke had a less 
diverse salivary microbiome than healthy controls. The 
structure of the salivary flora was shown to change 
significantly between the control and lung cancer groups, 
and there is a significant difference between the two 
groups.
We assessed a series of Immunohistochemical markers 
for cytokeratin (CK7), napsin A, and thyroid transcription 
factor (TTF-1), and we compared the outcomes with the 
matching salivary microbiota. Between the three 
immunohistochemical markers and the two bacterial 
biomarkers, there were significant associations (p< 0.05). 

Pak. J. Chest Med. 2021;27(04)

Variables Lung cancer patients n= 120 Healthy patients n=80

Age (years)  (mean ± SD) 60.51 ± 6.35 58.03 ± 6.65

Living environment

City 80 50

Village 40 30

Smoking status

Smokers 0 15

Non-smokers 120 65

Drinking status

Non-drinker 120 65

Rare drinker (once/2 weeks) 0 6

Medium drinker (once/week) 0 9

Diet

Vegetarians 20 10

Non- vegetarians 100 70

Table 1. Characteristics of the study cohorts

Salivary Microbiome Dysbiosis is associated with Non-Smoking Male Lung Cancer and correlated with Immunocytochemistry Markers
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CK7 and Enterobacteriaceae had a strong positive 
connection (p < 0.05). Moreover, there is a positive 
correlation between Napsin A and the Blastomonas 
genera (p < 0.05). Between TTF-1 and Enterobac-
teriaceae, there is a statistically significant positive 
connection (p < 0.05). The study of 16S rRNA genes may 
reveal the existence of bacteria in a sample. It has been 
shown that non-smoking male lung cancer patients 
showed an enrichment of functional pathways associated 
with cancer, apoptosis, the p53 signaling pathway, and 
TB.

Discussion

According to our research, males who do not smoke and 
their salivary microbiome had a significant association 
with lung cancer. The study employed a high throughput 
approach to analyze the bacterial communities present in 
the samples of saliva of male patients with lung cancer 
who did not smoke and their matched controls. The 
salivary flora of male smokers with lung cancer was 
shown to have a dysbiosis and decreased microbial 
richness and diversity. 
The structure of the flora was also found to be different 
from that of the healthy controls. Additionally, there is data 
that suggests a correlation between the variance in the 
salivary microbiome and specific clinical immunohisto-
chemical indicators. According to recent study, high 
throughput examinations of the salivary microbiome in 
males who do not smoke may indicate bacterial dysbiosis 
associated with lung cancer. The oral environment, 

17including smoking, age,  ethnic origins, and food intake 
18habits all affect the salivary bacteria.

Numerous investigations have shown how smoking 

9affects mouth microorganisms.  Lung cancer is often 
associated with smoking; yet, research on lung cancer in 

19 nonsmokers has not received much attention. Lung 
cancer may not be the same illness in smokers and non-
smokers, since significant gender differences as well as 
genomic and clinical-pathological variances are currently 

2found.  There is a suggestion that gender-specific 
hormones may have a possible influence on the lung 
cancer development. This suggestion is on the basis of 
observation that non-smoking males had a larger 
percentage of lung cancer cases compared to non-

20 smoking females.
Regarding the higher risk of carcinogenesis in male 
patients who do not smoke, it is currently unknown if risk 

21factors other than smoking contribute more.  One of our 
study's main strengths is the distinct group of male non-

22smoking lung cancer patients.  This group allows for a 
more appropriate examination of the relationship 
between oral flora and lung cancer because smoking was 
taken out of the equation. 
The main findings of the current study show that the 
genera Sphingomonas and Blastomonas exhibited a 
significant increase in the oral flora of lung cancer 
patients, whereas Acinetobacter and Streptococcus were 
found to be higher in the control group. Recent studies 
have also noted the presence of Streptococcus in COPD 
23 24 and cystic fibrosis (CF) lung flora.  Under some 
circumstances, Streptococcus has the capacity to invade 
the host fibronectin. This, in turn, could trigger a cytokine 
response, promoting inflammation and potentially 

25leading to carcinogenesis.  Blastomonas and Sphingo-
monas have been shown to be present in large quantities 

26in individuals with pneumonia.  These genera also have a 
significant impact on systemic immunological responses, 

Pak. J. Chest Med. 2021;27(04)

80

120

Healthy controls Lung cancer pa�ents

Figure 1. Comparison of healthy controls with male's non-smoker lung cancer patients
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which in turn affects the treatment of COPD and cancer of 
27lung.

The complex interaction between the oral microbiome 
and the body's defense system is still not extensively 
studied. In a healthy oral cavity, the body's immune 
system not only interacts with beneficial bacteria but also 
has the task of protecting against harmful microorg-

28anisms.  Immune deregulation can, in turn, alter the 
composition of the oral microbiota. Various human 
diseases have the potential to disrupt the delicate 
balance between the host's oral flora and the immune 
system. Any disturbance in the state of balance of the 
immune system might cause a change in the mutually 
beneficial connection, leading to the widespread 
colonization and proliferation of opportunistic infections. 
These disease-causing microorganisms may trigger 
pathogenic mechanisms, eventually resulting in the 

29development of different symptomatic malignancies.
Consequently, the systemic immune system is affected 
by the dysbiosis of oral microbiota, potentially exacer-
bating immunological diseases. As a result, oral bacteria 
may have a role in the etiology and progression of lung 

30cancer.  A number of contributing factors cause the 
microbial balance, or "symbiosis," to become imba-
lanced, or "dysbiossis," which may potentially put in to 
the etiology of diseases by inducing inflammatory 

25responses.

Our study showed that the mouth flora was linked with 
immunohistochemical markers in cancer of lung.  
Enterobacteriaceae and CK7 and TTF-1 showed a 
statistically significant positive association, while the 
genus Blastomonas and Napsin A showed a positive 
correlation. The main benefit of this research is the new 
theory and the first documentation of the connection 
between immune markers and salivary flora in male non-
smokers with lung cancer. These findings offer fresh 
perspectives that are crucial for research on the salivary 
micro-biota linked to lung cancer in men who do not 
smoke and that correlate with immunohistochemical 
indicators. TTF-1 is present in lung and thyroid tumor 
epithelial cells. Research has indicated that TTF-1 may be 
essential to the pathophysiology of primary lung 

31adenocarcinoma.  Clinically, CK7 is used to identify 
specific subtypes of glandular epithelia, both benign and 

32  malignant, that may be positive in the lungs.   
According to our research, there was a substantial 
positive association between Enterobacteriaceae and 
TTF-1 and CK7. Under normal circumstances, Enterob-
acteriaceae, a highly opportunistic pathogen, be able to 
coexist in the human gut without producing symptoms or 

23illnesses.  Thus, immunity of the host and some environ-
mental factors  may contribute to significant variation in 
Enterobacteriaceae, which in the case of lung floradys-
biosis may result in immunological responses to the 

Pak. J. Chest Med. 2021;27(04)

Figure 2. Potential pathways balancing lung floraand lung cancer. By reducing lung inflammation and the recruitment of 
dendritic cells, the commensal microbiome supports immunological tolerance. Responding to microbial colonisation, 
macrophages and T lymphocytes stop the overabundance of pathogens or metabolites (left panel). Pathogens and 
metabolites operate on MAMP to up-regulate the expression of inflammatory mediators and cytokines (e.g., IL-1, IL-23, 
TNF, and IL-17) when the balance is upset. These inflammatory mediators or cytokines set off important signalling 
cascades downstream, such as the NF-kB and STAT3 pathways and the ERK and PI3K pathways that further the 
carcinogenesis of the host cells.

Salivary Microbiome Dysbiosis is associated with Non-Smoking Male Lung Cancer and correlated with Immunocytochemistry Markers
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21development of disease.  Recent research has begun to 
concentrate on the gut-lung axis and gut flora in lung 

35illness.  Collectively, these new discoveries have helped 
us in understanding the associations between exposure 

21of microbes and allergies and autoimmunities.
Furthermore, our research found a favourable correlation 
between the genus Blastomonas and napsin A. It is 
possible to isolate the Sphingomonadaceae family's 
species Blastomonas from fresh, lake, sea, or even 

29hospital water.  Water consumption may affect the 
variety and makeup of oral and gut bacteria in humans, 
changing the immunological response and risk of lung 

11illnesses.
There exist a unique association between oral flora and 
the host, but our understanding to them is still quite 

23restricted.  It is not important that changes in these 
associations can have an impact on human health and 

23lead to disease.  The host may be impacted by these 
bacteria's release of various microbial bioactive compo-

32unds.  It is well known that apoptosis affects both cancer 
31and the immune response.  Lung cancer development 

and survival are known to be influenced by the p53 
24signaling pathway.  The potential harmful roles of salivary 

flora are suggested by the up-regulation of p53 signaling 
pathways. According to these results, the p53 pathway is 
not involved alone. It may be used by oral flora to control 
the apoptotic process of lung cancer cells. 
More researches are required in order to identify the 
variations in microbiome as causative factor for carcino-

34 genesis or cancer initiation. Salivary flora may contribute 
to immunity and the host's ability to withstand stress in 

31addition to influencing secondary metabolism.  Oral flora 
may contribute significantly to inflammatory reactions 

23 even if it is not viable. On the other hand, individuals with 
lung disease are more likely to have an overgrowth and 
colonization of oral bacteria in their respiratory tracts. 
Numerous bacterial species can contribute to host-
microbe interactions in different ways, necessitating more 
research to understand the processes behind each of 

34 these relationships.

Conclusion

According to this study, lung cancer in men who do not 
smoke may be caused by specific bacterial species and 
flora dysbiosis may play a significant role in this disease. 
These findings show that male non-smokers with lung 
cancer have different salivary microbiome profiles and 
they also show that salivary flora can be a useful tool for 
identifying non-invasive lung cancer indicators.
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