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Abstract

Background. The cytochrome P450 enzymes CYP1A1 and CYP1B1 are involved in the metabolism
of carcinogens and have been linked to various cancers, including lung cancer, primarily through their
overexpression in tumor tissues. Aim of study. This study describes the CYP1A1 and CYP1B1 expression
profiles in lung adenocarcinoma (AC) and lung squamous cell carcinoma (SCC), and explores the possible
associations with demographic and clinical features among Turkish patients. Material and Methods. This
retrospective study analyzed clinical data from 40 patients with lung adenocarcinoma and lung squamous
cell carcinoma. Tumor and adjacent healthy tissue samples were immunohistochemically stained to profile
CYP1A1 and CYP1B1 expression. Associations between protein expression levels and patient characteristics
were examined. Results. Significant immunohistochemical differences were found between tumorous and
healthy tissues for CYP1A1 and CYP1B1. Conclusion. The study suggests that the CYP1A1 and CYP1B1
expression profiles in lung adenocarcinoma and lung squamous cell carcinoma among Turkish patients may
have biomarker value for risk stratification and early detection.
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NMPO®UITN SKCINPECCUN ®PEPMEHTOB CYP1A1 U CYP1B1
NMPU HEMENKOKNETOYHOM PAKE NNEFKOIo Y TYPELKKUX
NALUMEHTOB
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AHHOTauus

AxTtyanbHocTb. PepmeHTbl umToxpoma P450 CYP1A1 n CYP1B1 yyacTBytoT B MeTabonmame KaHLeporeHoB
1 CBSA3aHbI C Pa3nMyHbIMM BUAAMY paka, BKIYas pak Jierkoro, B OCHOBHOM 3a CHET MOBbILLEHHOW 3KCNpeccum
B OMyxoneBbIx TKaHsAx. Llenb nccnepoBaHma — oueHka yposHewn akcnpeccun CYP1A1 u CYP1B1 npu age-
HOKapLIMHOME M NIIOCKOKNETOYHOM pake Merkoro, a Takke Ux CBA3W C AeMorpadmyeckuMm 1 KIMHUYEeCKMn
nokasarensamu y Typeuknx nauveHtos. MaTtepuan n metoabl. B peTpocnekTMBHOM nccnegoBaHny NpoBeeH
CpaBHUTENbHbIV aHaNM3 KNMMHUYECKUX AaHHbIX 40 NauMeHTOB C aAeHOKapLIMHOMOW 1 MITOCKOKMETOYHBIM PAKoM
nerkoro. YposHu akcnpeccu CYP1A1 n CYP1B1 oueHnBanucb Nnpyu MIMMYHOTMCTOXMMUYECKOM MCCrneaoBa-
HMM 06pPa3LoB OMyXOnu M MpUMeralLmMx 300POBbIX TKaHeW. 3yveHbl accoumauum Mexay ypOBHAMU 9KC-
npeccun 6enka n KNMMHUKO-MOopPdONOrMYECKNMU XxapakTepuctTukamm nauneHToB. PesynbtaTtbl. O6HapyXeHbl
3HaYMTENbHbIE UMMYHOTMCTOXMMUYECKME pa3nuyms B ypoBHsix akcnpeccum reHoB CYP1A1 n CYP1B1 mexay
OMyXoneBbIMU 1 340POBbIMU TKaHsAMU. 3akntoyeHue. MNpodwunm akcnpeccun CYP1A1 n CYP1B1 B 06pa3uax
afeHOKapLUMHOMBI M NITOCKOKNETOYHOW KapLMHOMbI NTErKoro MOryT ObiTb NOTeHUManbHbIMM Gruomapkepamu
ANns cTpatndukaumm prcka 1 paHHero BbISBMEHWS paka.

KnioueBkle cnoBa: coepmeHThI LuToxpoma P450, CYP1A1, CYP1B1, HemMenKoKneTo4HbIN pakK nerkoro.

Introduction

Tumors originating in the lung parenchyma or bron-
chi are termed lung cancer or bronchogenic carcinoma
[1]. Lung neoplasms are the foremost contributors
to both cancer incidence and mortality worldwide.
In 2022, lung cancer emerged as the predominant
malignancy globally, with approximately 2.5 million
new cases, accounting for 12.4 % of the total cancer
incidence. Furthermore, it exhibited the highest fatal-
ity rate among cancer types, causing about 1.8 mil-
lion deaths, representing 18.7 % of all cancer-related
mortalities [2].

Advancements in diagnostic techniques have
significantly enhanced the precision of pathological
and genetic classifications of lung tumors, facilitating
the development of more effective therapeutic inter-
ventions. This progress is largely attributable to the
integration of immunohistochemistry and molecular
testing into classification protocols. The 2021 WHO
Classification of Thoracic Tumors encompasses a com-
prehensive range of categories, including papillomas,
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adenomas, precursor glandular lesions, lung adeno-
carcinoma in situ, lung adenocarcinomas (AC), inva-
sive nonmucinous lung adenocarcinoma, squamous
precursor lesions, lung squamous cell carcinomas
(SCC), large cell carcinomas (LCC), adenosquamous
carcinomas, sarcomatoid carcinomas, neuroendocrine
tumors, salivary gland-type tumors, neuroendocrine
carcinomas (including small cell carcinoma (SCLC)
and large cell neuroendocrine carcinoma (LCNEC)),
tumors of ectopic tissues (melanoma and meningi-
oma), mesenchymal tumors specific to the lung, and
PEComatous tumors [3]. AC, SCC, and LCC are
subtypes of non-small-cell lung carcinoma (NSCLC),
which represents 85 % of all lung cancer cases [4].

Lung adenocarcinomas are pathologically distin-
guished by the formation of neoplastic glands, the
presence of pneumocyte markers such as thyroid
transcription factor 1 (TTF-1) with or without napsin
expression, and intracytoplasmic mucin. Squamous
cell pathology is identified by the presence of keratin
and/or intercellular desmosomes [5].
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CYP1A1 and CYP1BI1 are enzymes belonging to
the cytochrome P450 superfamily, playing signifi-
cant roles in the metabolism of various carcinogens.
CYP1A1 is primarily involved in the biotransformation
of polycyclic aromatic hydrocarbons (PAHs) and other
carcinogens. Its expression is notably higher in lung
tissues exposed to environmental carcinogens and has
been identified as a key player in lung carcinogenesis.
CYP1AI is markedly induced by PAHs, leading to in-
creased DNA adduct formation, which is a critical step
in the initiation of cancer. Elevated levels of CYP1A1
expression have been associated with a higher risk of
lung cancer. In lung cancer tissues, CYP1A1 has been
detected in a substantial proportion of lung adenocar-
cinomas, suggesting its potential role as a biomarker
for lung cancer [6, 7]. CYP1B1 has been identified as
a potential tumor marker, often overexpressed in vari-
ous tumor tissues, including lung cancers, while being
absent in normal tissues. This differential expression
underscores its potential utility in cancer diagnostics
and as a therapeutic target [6, 8].

Although CYP1A1 and CYPI1BI1 are known to
be involved in the metabolism of carcinogens, their
exact roles in lung cancer warrant further investiga-
tion. Particularly, studying the variability of CYP1A1
and CYP1BI1 expression in lung tissues from different
individuals and correlating this with clinical outcomes
could help identify potential biomarkers for lung can-
cer prognosis. Hence, this study addresses the CYP1A1
and CYP1B1 expression profiles in two distinct types
of NSCLC tumor samples: lung adenocarcinoma (AC)
and lung squamous cell carcinoma (SCC), and explores
the possible association with demographic and clinical
features among Turkish patients.

Material and Methods

This study performed a retrospective analysis of
clinical data from patients with lung adenocarcinomas
and lung squamous cell carcinomas treated at the
Dr. Liitfi Kirdar Education and Research Hospital's
Pathology Clinic between 2017 and 2019. Archival
sampling was carried out among patients who met the
study's inclusion and exclusion criteria, resulting in the
recruitment of 40 subjects (20 lung AC and 20 lung
SCC) aged 46 to 83 years (mean 67.20 £ 8.5 years),
with a gender distribution of 11 females and 29 males,
representing the broader population. Each patient's
cancer stage was determined at the time of surgery
using the TNM staging method by the American Joint
Committee on Cancer. Of the 40 surgically removed
lung tumors, 13 were stage 1A, 7 were stage 1B, 8 were
stage 2A, 9 were stage 2B, and 3 were stage 3A, with an
average tumor diameter of 3.67 + 0.38 cm. Histopatho-
logical analysis of the tumors and adjacent healthy tis-
sues was conducted using immunohistochemical (IHC)
staining to profile CYP1A1 and CYP1B1 enzymes.

Inclusion and exclusion criteria

Patients with NSCLC tumor samples, includ-
ing lung adenocarcinomas and lung squamous cell
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carcinomas, were considered for the investigation if
both tumor and adjacent healthy tissue samples were
available. Additionally, patients should not have
received any prior treatment for NSCLC, such as
chemotherapy, radiation therapy, or surgery. Therefore,
patients meeting these criteria, with sufficient clinical
and pathological data listed in Table 1, were included
in the study.

To ensure validity, exclusion criteria were applied
to exclude patients with small cell lung cancer (SCLC),
other histological types of lung cancer, or a history of
other malignancies. Moreover, patients with severe
comorbidities that might affect the interpretation of the
study results, such as severe cardiovascular disease,
liver or kidney failure, or autoimmune disorders, were
excluded from the sample group.

Data collection

Demographic and clinical information was me-
ticulously collected using a detailed checklist that
included parameters such as age, gender, diagnosis,
tumor grade, localization, presence of vascular and
neural invasion, bronchial and pleural involvement, in
situ status, metastasis, tumor size, lymph node involve-
ment, stage, neoadjuvant therapy, and survival status.
This comprehensive data collection enabled a thorough
retrospective analysis of each subject's background.
Tumor and adjacent healthy tissue samples were
obtained from surgical sites following standardized
protocols by skilled surgeons and preserved in paraffin
for subsequent analysis. Immunohistochemical (IHC)
methods were employed to evaluate the expression
levels of CYP1A1 and CYP1BI1 proteins.

Histopathological analysis of tissue is crucial for
providing detailed insights into tumor characteristics,
essential for accurate diagnosis, classification, and
prognosis. This process begins with the procurement
of'tissue during surgical resection, followed by immer-
sion in 10 % buffered formalin for preservation. Thin
sections, 4 um thick, are prepared by embedding the
tissue in paraffin wax using a microtome. These sec-
tions are then mounted on glass slides and stained with
hematoxylin and eosin to analyze tissue morphology.
Additionally, immunohistochemical (IHC) staining is
performed to detect the expression of CYP1A1 and
CYPI1BI proteins. This comprehensive analysis aids in
making informed therapeutic decisions and predicting
prognosis based on the tumor's molecular profile.

For immunohistochemical staining, the formalin-
fixed, paraffin-embedded tissues sections, after
deparaffinization, were incubated for 10 minutes at
room temperature in a 3 % hydrogen peroxide (v/v) in
methanol solution to neutralize the natural peroxidase
activity. After that, the parts were given a five-minute
rinse with distilled water. Using 0.01 M citrate buffer
(pH 6.0), antigen retrieval was carried out for three
minutes using a home pressure cooker. To avoid non-
specific background staining, the sections were treated
for 10 minutes at room temperature with super block
(SHP125) from ScyTek Laboratories, USA. The sec-
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Table 1/Tabnuua 1

Demographic and clinical data of patients
Oemorpaduyeckme n KNUHUYECKUE AaHHbIE NAaLUEHTOB

Number of
patients/Yucio
OOJIBHBIX

Parameteres/IToka3zarenu

Demographic data//lemorpadudeckue qaHHbBIC

Gender/ITon

Female/XKen 11 (27.5 %)
Male/Myx 29 (72.5 %)

Age/Bospact

<65 years/ner 15 (37.5 %)
>65 years/ner 25 (62.5 %)
Clinical data/Knuaunueckue qaHHbie

Diagnosis//Inarao3
Lung adenocarcinoma/A ieHoKapuuHOMa 20 (50 %)
JIErKOTo
Squamous cell CaI‘CiilOIna/HJ‘IOCKOKJ‘IeTO‘{- 20 (50 %)
HBII pak
Grade/I'ucronorndeckuii THIT
Acinar/AuHapHbIH 5(12.5%)
Keratinized/OporoseBumit 10 (25.0 %)
Lepidic/Jlenunuuaeckuit 5(12.5%)
Non-keratinized/Heoporosesmit 10 (25.0 %)
Papiller/ITanunmsipabIit 5(12.5 %)
Solid/Conuaabrit 5(12.5 %)
Localization/JIokanu3anus
Right adenocarcinoma/AneHokapHOMA 1(2.5%)

IPaBOTO JIETKOTO
Right lower lobe/ITpaBast HHXHsIST 10T 11275 %)
JIErKOTO
Right upper lobe/IIpaBast BepxHsist 105151

Left adenocarcinoma/A ieHokaprrHoOMa

12 (30.0 %)

2 (5.0 %)
JIEBOTO JIETKOTO
Left lower lob/JIeBast HUXHSIs 10T 2 (5.0 %)
Left upper lob/JIeBast Bepxusist o5 11 (27.5 %)
Upper lobe/BepxHsist nosst 1(2.5%)

Vascular invasion/Backynsipaast nuBazust
Yes/[Ia
No/Her

13 (32.5 %)
27 (67.5 %)

Notes: created by the authors.

ITpumMeyanus: Tabnuua COCTAaBIEHA aBTOPAMH.

tions were then covered with the primary antibodies
diluted (1:100 for CYP1AT1; 1:100 for CYPIB1) in
TBS at 4 °C. Anti CYP1A1 (sc-20,772) and Anti-
CYPIBI (sc-32,882) were obtained from Santa Cruz
Biotechnology Inc., Dallas, TX.

The sections were washed in TBS before being
incubated for 10 minutes at room temperature for the
biotinylated link antibody (SHP125) (ScyTek Labora-
tories, USA). Next, the sections were washed in TBS
before they were incubated for 10 minutes at room
temperature with streptavidin/HRP complex (SHP125)
(ScyTek Laboratories, USA). Diaminobenzidine

42

Number of
patients/Yucio
OOJIBHBIX

Parameteres/IToka3zaresn

Neural invasion/ITepuneBpasnbHast ”HBA3HS

Yes/Jla 9 (22.5 %)

No/Her 31(77.5 %)
Bronchial involvement/ITopaxenue 6poHXOB
Yes/[la 11 (27.5 %)
No/Her 29 (72.5 %)
Pleural involvement/ITopaxeHue muieBpb
Yes/[la 12 (30.0 %)
No/Her 28 (70.0 %)
Cancer in situ
Yes/[la 4 (10.0 %)
No/Her 36 (90.0 %)
Metastasis/Mertacra3
Yes/[la 13 (32.5 %)
No/Her 27 (67.5 %)
Tumor size/Pa3mep omyxonu

T1A 11 (27.5 %)

T1B 5(12.5 %)
T2A 12 (30.0 %)

T2B 4 (10.0 %)

T3 8(20.0 %)

Lymph Node metastasis/Meracta3sl B 1uM(Oy3IIbI

NO 29 (72.5 %)

N1 7 (17.5 %)

N2 3(7.5 %)

No data/Het manHBIX 1(2.5%)

Stage/Craaust

1A 13 (32.5 %)

1B 7 (17.5 %)

2A 8 (20.0 %)

2B 9(22.5 %)

3A 3(7.5 %)

Survival status/CraTyc BEDKHBa€MOCTH

Dead/Ymepinu 9 (22.5 %)
Alive/XKuBbt 31 (77.5 %)

(DAB) was used to monitor the peroxidase activity.
After a brief counterstain with hematoxylin, the sec-
tions were dried and mounted.

The following scale was used to measure to evalu-
ate the immunoreactivity for cancer cells for CYP1A1,
and CYP1B1 enzymes: (0) for negative staining (no
protein expression), (+1) for weak staining, (+2) for
moderate staining (moderate level of protein expres-
sion), and (+3) for strong staining (strong level of
protein expression) (Fig. 1).

All statistical analyses were conducted using
the R project for statistical computing version 4.3.2
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Fig. 1. Microphoto. Immunohistochemical staining of non-small cell lung cancer tissue. Notes: A— CYB1A1, Shows expression score
+1, x400; B: CYB1A1, Shows expression score +2, x400; C: CYB1B1, Shows expression score +1, x400; D: CYB1B1,Shows expressi-
on score +3, x400. Note: created by the authors
Puc. 1. MukpodoTto. MMMyHornctoxnmmyeckoe nccnegosaHve. HemenkokneTouHbiv pak nerkoro. MNpumevarus: A — CYB1A1, ypoBeHb
akcnpeccumn +1, x400; b — CYB1A1, ypoBeHb akcnpeccumn +2, x400; B — CYB1B1, ypoBeHb akcnpeccun +1, x400; D — CYB1B1, ypo-
BeHb akcnpeccun +3, x400. MNMpumevaHne: pucyHOK BbINOMHEH aBTOpamu

(R Foundation, Vienna, Austria). Our investigation
included normal tissues and SCC and AC tumours
from 40 patients. Continuous data were summarized
as the mean + standard deviation, while categorical
data were presented as frequencies (n) accompanied
by relative frequencies (%). The Shapiro—Wilk test
assessed the distribution patterns of the data, while
the Levene test examined homogeneity of variances.
The Mann—Whitney U test compared pairs when para-
metric test assumptions were not met. The Chi-square
test investigated associations between categorical
variables. Spearman’s rank correlation test was used
for correlation analyses. Additionally, the relationship
between the protein expression and survival rates of the
studied patients was exacuted using the Kaplan-Meier
method while categorize expression into high and low
using median as the cutoff. All statistical analyses were
performed at a 95 % confidence level.

Results

CYP1A1 and CYPIBI expressions were examined
immunohistochemically, with their expression levels
summarized in Table 2. While CYP1A1 expression
was undetected in the vast majority of healthy tis-
sues (97.5 %), significant expression was observed
in 47.5 % of tumorous tissues (35.0 % weak; 12.5 %
moderate) (p=0.0005). Similarly, CYP1B1 expression
was detected in 80.0 % of tumorous tissues, at low
(47.5 %), moderate (25.5 %), or high (5 %) levels. In
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contrast, only 2.5 % of healthy tissues showed low-
level expression, indicating a significant increase in
CYP1BI1 expression in tumorous tissues (p<0.00001).
Furthermore, a significant positive correlation was
observed between CYP1A1 and CYP1B1 expressions
(r=0.35, p=0.02).

The Kaplan—Meier Survival Estimates table
presents the survival probabilities for different ex-
pression groups of CYP1A1 and CYP1B1 over time,
measured in months (Table 3). The analysis includes
time intervals ranging from 1 to 43 months. Patients
with high levels of CYPIA1 protein expression
demonstrate a survival probability that decreases
over time, with a survival probability of 94.7 % at 1
month, decreasing to 58.6 % at 36 months. In contrast,
individuals with low CYP1A1 expression start with
a survival probability of 96.3 % at 1 month, showing
a gradual decline to 67.4 % by 43 months. Overall,
the low CYP1AT1 expression profile exhibits higher
survival probabilities compared to the high expression
across all time points.

The survival probability among patients with higher
CYP1B1 expression begins at 92.3 % at 19 months and
falls to 70.5 % at 36 months, indicating a declining trend
over time. In the low expression group, a survival prob-
ability 0f 96.3 % is observed at 1 month, which decreases
more gradually over time, reaching a survival probability
0f67.4 % at 43 months. This again shows a trend toward
higher survival compared to the high expression group.
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Table 2/Tabnuua 2
Immunohistochemically detected CYP1A1, and CYP1B1 expression levels of tumor and normal tissues

YpoBHu akcnpeccum CYP1A1 n CYP1B1 B onyxonu u HopmanbHOM TKaHU NO OaHHbIM
MMMYHOITMCTOXUMUYECKOro UccnenoBaHus

[HC Score/ CYPIA1 CYPIBI
Vi Tumor/ Normal/ Tumor/ Normal/
POBEHB SKCIIPECCHU
OmyxorneBasi TKaHb HopmanbHast TkKaHB OmyxomneBasi TKaHb HopwmanbHast TkaHB
0 21/40 39/40 8/40 39/40
(52.5 %)* (97.5 %)* (20 %)* (97.5 %)*
| 14/40 1/40 19/40 1/40
(35.0 %)* (2.5 %) (47.5 %)* (2.5 %)
5 5/40 B 11/40 _
(12.5 %)* (27.5 %)*
3 - B 2/40 3
(5%)"
Mean/ 0.6 0.1 0.02 +£0.02 1.17£0.12* 0.02 £0.02
Cpennee 3HaueHUE (0-2) (0-1) (0-3)° (0-1)°
p—value 0.0005 <0.00001

Notes: total n=40; scoring was made according to the staining intensity of the tissues: 0 — no staining, 1 — weak positive, 2 — moderate positive,
3 — strong positive; * — statistically significant according to the Mann—Whitney U test (p<0.05); * — number of samples stained at the specified score/
total number of samples; ® — Mean + SE; ©— min — max; created by the authors.

IMpumeuanns: n=40; HHTEHCHUBHOCTB OKpaIIMBaHus TKaHeil: 0 — oTcyTcTBHe, | — Cl1ab0OI0KUTENbHAS, 2 — YMEPEHHO MOJIOKHUTEIbHAS, 3 — BEICOKO
MOJIOKUTENIbHAS; * — pa3iM4usl CTATHCTHYSCKH 3HAYnMBble cortacHo U—kpureputo Mauna—Yuruau (p<0,05); * — kordecTBo 00pa3ioB, OKPaIeHHBIX
110 yKa3aHHOM IKase/obmiee KomrmaecTBo 00pasuos; * — Cpennee + SE; © — MUH—Makc; TablIMIa COCTABIICHA aBTOPaMH.

Table 3/Tabnuua 3

Kaplan—-Meier Survival Estimates
OueHku BbkMBaemocTu no metogy Kannana-Maviepa

CYP1A1 Expression Group/ CYP1BI1 Expression Group/

Time (Months)/

o B Okcnpeccus CYP1A1 Oxcnpeccus CYP1B1
i) Survival/ 95 % CI Survival/ 95 % CI
BrpkuBaemocTh BrpkuBaemocThb

1 94.7 % 85.2-100 % 96.3 % 89.4-100 %
19 89.5 % 76.7-100 % 92.3 % 78.9-100 %
22 84.2 % 69.3-100 % 84.6 % 67.1-100 %
29 78.2 % 61.3-99.7 % 84.7 % 71.8-99.8 %
36 58.6 % 36.7-93.7 % 70.5 % 46.0-100 %
43 72.4 % 45.7-100 % 67.4 % 46.4-97.9 %

Note: created by the authors.

HpI/IMC‘laHI/ICZ TabJIMIAa COCTAaBICHA aBTOpaMH.

In general, the high expression groups for both CYP1A1
and CYPIB1 exhibit lower survival probabilities over
time compared to the low expression groups (Fig. 2,
3). The log-rank test results for CYP1A1 (p=0.2) and
CYPIBI1 (p=0.8) suggest that the observed differences
in survival between high and low protein expression
groups are not strong enough to conclude a significant
difference in survival rates (Fig. 2, 3).

The study also investigated the association between
demographic and clinical data and the expression
levels of CYP1A1 and CYP1BI1. No significant as-
sociation, and correlation was found between demo-
graphic or clinical variables and the expression levels
of CYP1A1 and CYP1B1 (p>0.05).

Discussion

The cytochrome P450 enzymes CYPIAl and
CYPI1BI are involved in the metabolism of carcino-
gens and have been linked to various cancers, includ-
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ing lung cancer, primarily through their overexpression
in tumor tissues [8]. The results of the current study
enhance our understanding of the roles of CYP1A1
and CYP1BI1 in carcinogenesis within NSCLC tumor
tissues. Specifically, for the first time, the expression
profiles of CYPIA1 and CYPIBI in lung AC and
lung SCC tissues from Turkish patients have been
revealed.

The study findings indicate that CYP1A1 expres-
sion is significantly elevated in a substantial proportion
of lung AC and lung SCC tissues. The notable expres-
sion of CYP1AL1 in nearly half of the NSCLC tumor
tissues highlights its crucial role in NSCLC. Previous
research has shown that high levels of CYP1A1 are
observed in lung AC and lung SCC tissues, particu-
larly in smokers, compared to normal lung tissues
[9, 10]. This suggests that CYP1A1 could serve as a
potential biomarker for the presence of lung AC and
lung SCC.
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Moreover, CYP1B1 expression is significantly
elevated in a large proportion of lung tumor tissues.
Specifically, CYP1B1 was expressed at varying levels
(low, moderate, or high) in 80.0 % of the tumorous tis-
sues examined. Studies have demonstrated CYP1B1
overexpression in various malignancies, including
NSCLC [11-13]. The high prevalence of CYP1B1 ex-
pression suggests that this enzyme plays a widespread
role in lung cancer biology. In lung adenocarcinoma
tissues, CYP1B1 expression has been associated
with increased tumor aggressiveness. Research indi-
cates that high levels of CYP1B1 correlate with poor
prognosis and may contribute to the bioactivation of
carcinogens, leading to DNA damage and tumor de-
velopment. Similarly, in lung SCC, CYP1B1 has been
found to be upregulated, with its expression linked
to mechanisms of drug resistance [11, 12]. Given its
significant expression in the majority of tumorous tis-
sues, CYP1BI1 could serve as a valuable biomarker for
detecting lung AC and lung SCC, aiding in diagnosis
and potentially in early detection of the disease.
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Additionally, a positive correlation between the
expression levels of CYP1A1 and CYP1B1 in NSCLC
tumor tissues could enhance their utility as combined
biomarkers for lung cancer. Testing for both enzymes
might improve the accuracy of lung AC and lung SCC
diagnoses. The aryl hydrocarbon receptor (AhR) is a
key regulator for both CYP1A1 and CYP1BI1. Activa-
tion of AhR by environmental toxins leads to the tran-
scriptional activation of these enzymes. Research has
shown that AhR overexpression correlates positively
with CYP1B1 levels in NSCLC, suggesting that the
same signaling pathways may enhance the expression
of both enzymes in tumor tissues [14].

The patterns observed both in CYP1A1, and
CYPI1B1 was mirrored where high-expression groups
consistently show lower survival probabilities com-
pared to low-expression groups. This trend suggests a
potential role of these enzymes in influencing patient
outcomes in cancer contexts. The trends observed
in current results regarding CYP1A1l and CYPIBI
expression levels align with existing literature that
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suggests these enzymes play significant roles in cancer
proliferation and patient survival [15—17]. However,
the lack of statistical significance highlights the com-
plexity of their roles and suggests that additional fac-
tors may influence outcomes.

The study also explored the association of CYP1A1
and CYP1B1 overexpression with clinical features,
aiming to determine distinct clinical implications.
The existing literature does not directly address the
relationship between clinical features and the expres-
sion levels of CYP1A1 and CYP1IB1 in AC and SCC
of the lung. The current research indicates that there
is no significant association between demographic or
clinical variables and the expression levels of CYP1A1
and CYPIBI in lung AC and lung SCC tissues. This
finding has two implications. First, the lack of associa-
tion with demographic and clinical variables suggests
that the expression levels of CYP1A1 and CYP1BI1 are
likely driven by intrinsic factors within the tumor biol-
ogy itself rather than by external patient characteristics.
This points towards genetic or molecular mechanisms
within the cancer cells that regulate these enzymes.
Second, since CYP1A1 and CYP1BI1 expression levels
are not significantly influenced by patient demograph-
ics or clinical variables, these enzymes could serve as
universal biomarkers for lung AC and lung SCC. Their
expression can be considered relevant across diverse
patient populations, making them broadly applicable
for diagnostic purposes. Future research efforts could
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focus more on understanding the molecular and genetic
drivers of CYP1A1 and CYP1BI1 expression in lung
cancer rather than considering demographic or clinical
factors [7, 18]. This could lead to a better understand-
ing of the pathways and processes that regulate these
enzymes within the tumor environment.

Although the findings of this research study pro-
vide valuable insights into the CYP1A1 and CYP1BI
expression profiles in Turkish lung AC and lung SCC,
the study is hampered by two limitations related to
sampling and data collection that should be consid-
ered. These limitations warrant cautious interpreta-
tion of the findings. The first limitation is the sample
size, which, while sufficient for an initial analysis,
may not adequately represent the associated clinical
features. Secondly, the study primarily focuses on im-
munohistochemical analysis and does not account for
the influence of individual genotypic variation on the
protein expression profile. This limitation may restrict
a comprehensive understanding of how variations in
the metabolism pathway of carcinogens contribute to
lung cancer in the study population.

Conclusion

The expression profile of CYPIA1 and CYP1BI1
enzymes is remarkably elevated in Turkish lung AC
and lung SCC, suggesting their potential as decisive
biomarkers for risk stratification and early detection.
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