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Abstract

Introduction: To analyze the long-chain non-binding nuclear factor B
interaction in breast cancer patients infected with human papillomavirus (HPV)
type 16/18 and its correlation with the prognosis of breast cancer.

Method Select 400 breast cancer patients (observation group), and 50 benign
breast disease patients (control group) admitted to Alkarama and Alyarmook
Hospitals from Jan 2017 to January 2022. NKILA expression by using (ELISA
and qPCR) and the serum index levels were detected.

Results: The relative expression of NKILA in the tumor tissue of the patients in
the observation group was significantly lower than that of the adjacent tissue
(P<0.05), and the relative expression of NKILA in the adjoining tissue was
considerably lower. Compared with the control group (P<0.05). The relative
expression of NKILA and the high expression rate of NKILA in tumor tissues
of the HPV 16/18 infection group were significantly lower than those of the non-
HPV16/18 infection group. The relative expression of NKILA and the high
expression rate of NKILA in tumor tissues in the recurrence and metastasis
group were lower than those in the non-recurrence and metastasis group. (all P
<0.05)

Conclusion: The expression of NKILA is significantly reduced in breast cancer
lesions compared to adjacent tissues and benign lesions. This decrease is more
pronounced in patients with HPV 16/18 infection, triple-negative breast cancer,
and those who have undergone surgical treatment. Furthermore, NKILA
expression is markedly lower in patients with post-recurrence and metastatic
breast cancer. These findings suggest that NKILA may serve as a potential
biomarker for disease progression and recurrence in HPV-associated breast
cancer.
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Introduction

Breast cancer is the leading cause of cancer-
related mortality among women worldwide.
HPV types 16 and 18-associated breast cancers
exhibit significantly higher recurrence rates and
shorter disease-free survival compared to HPV-
negative cases [1]. Despite progress in HPV-
related cancer research, the role of NKILA, a
noncoding RNA that interacts with NF-kB,
remains unexplored in HPV 16/18-associated
breast cancers [2].

HPVs are DNA viruses that infect squamous
epithelial cells in the skin, vaginal mucosa, and
oral cavity. Persistent high-risk infections,
particularly HPV 16 and 18, are strongly
associated  with  cervical, anal, and
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oropharyngeal cancers, despite most infections
being asymptomatic and self-limiting [3].
Globally, HPV-related cervical cancer accounts
for approximately 528,000 new cases and
266,000 deaths annually, with 70% of
oropharyngeal cancers linked to HPV 16, which
is also associated with better survival rates
compared to HPV-negative cases [4].

Over 70% of cervical cancers and precancerous
lesions are linked to HPV 16 and 18, which are
also implicated in breast cancer. Understanding
the connection between HPV infection and
breast cancer is critical for identifying
molecular mechanisms and therapeutic targets.
Possible transmission pathways are shown in
Figure 1.
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Fig 1: shows the proposed method of transmission of HPV.
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Materials and Methods

Detection Methods

- NKILA Expression Detection

During surgery, 30-100 mg of breast tumor,
adjacent, and benign tissues were collected.
RNA extraction using Thermo NanoDrop
ensured purity (A260/A280 = 1.9-2.1). Reverse
transcription and real-time PCR measured
NKILA expression, categorized as high
(>1.152) or low (<1.152). Select tissues
underwent in situ hybridization [5,6].

- HPV Infection Detection

HPV detection used the Luminex 200 chip
platform and an HPV typing kit. Patients were
grouped as HPV 16/18 infected, non-HPV
16/18 infected, or non-HPV infected.

- Serum Indicators

Fasting venous blood (2 ml) was collected,
centrifuged, and analyzed for IL-6, VEGF, and
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VEGFR-2 using ELISA Kkits
Thermo Fisher Scientific).

(Invitrogen

Analysis Methods

- NKILA Expression Analysis

NKILA expression in tumor tissues was
compared between observation and control
groups alongside serum biomarkers (IL-6,
VEGF, VEGFR-2). Correlations between
NKILA and the biomarkers were analyzed.

- Analysis of NKILA Expression and Clinical
Features

NKILA expression was analyzed across HPV
infection types, molecular subtypes (Luminal
A, Luminal B, HER-2 overexpression, and
triple-negative), and prognoses. Prognostic data
were collected through telephone and outpatient
follow-ups for recurrence and metastasis over
three years, confirmed via pathology (Table 1).

Table 1: Classification and grouping of the patient according to
recurrence and metastasis and according to their expression of NKILA

Groups Number of patients
recurrence and metastasis group 250
non-recurrence and metastasis group 107
high-expression group NKILA 240
NKILA low-expression group 254
Statistical Methods Results
Data were analyzed using SPSS 22.0. NKILA Expression
Categorical variables were assessed with ¥ The relative expression of NKILA in tumor

tests, continuous variables with t-tests or F tests,
and correlations with Pearson analysis. Kaplan-
Meier was used for survival analysis, with P <
0.05 considered significant.

tissues of the observation group was
significantly lower than in paracancerous
tissues and control group lesion tissues (all P <
0.05) (Table 2, Figure 2).

Table 2: Comparison of NKILA expression in lesion tissue
between the observation group and the control group (x+£s)

NKILA expression Group

16.95+2.80 Control group (n = 50)
1.36+0.22 Observation group (n = 400)
P value < 0.001

Note: Compared with tumor tissue, a P < 0.05; compared with adjacent tissue, b P <
0.05. NKILA is a long noncoding RNA that interacts with nuclear factor xB.
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Fig 2: illustrates the expression. Note: a is the NKILA in situ hybridization images of the tumor tissue
in the observation group under 400X magnifications; B is the NKILA in situ hybridization images of
the adjacent cancer tissue in the observation group under 400X magnifications; C is the NKILA in situ

hybridization images of the lesion tissue

Serum IL-6, VEGF, and VEGFR2 Detection
Results

Serum IL-6, VEGF, and VEGFR-2 levels in the
observation group were significantly higher

in the control group under 400X magnifications.

compared to the control group (all P < 0.05)
(Table 3).

Table 3: Comparison of serum IL-6, VEGF, and VEGFR-2 detection results between the observation
and control groups (x+s).

Group IL-6 (ng/L) VEGF (pg/ml) VEGFR-2 (pg/ml)
Control group (n = 50) 0.42+0.07 102.03+16.15 140.75+26.07
Observation group (n = 400) 0.95+0.13 448.45+69.74 413.89+68.95

t 28.201 34.948 27.691

p <0.001 <0.001 <0.001

Note: IL-6 is interleukin-6; VEGF is vascular endothelial growth factor; VEGFR-2 is VEGF receptor 2.

In the observation group, NKILA expression in
tumor tissues was significantly negatively
correlated with serum IL-6 (r = -0.602, P =
0.011), VEGF (r = -0.659, P = 0.006), and

VEGFR-2 (r = -0.628, P = 0.009) levels. No
correlation was observed in the control group

(all P > 0.05).
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The relative expression and high expression rate
of NKILA were significantly lower in tumor

tissues of the HPV 16/18 infection group
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NKILA Expression in Tumor Tissues of
Different Molecular Types

The relative expression and high expression rate
of NKILA were significantly higher in the
Luminal A and Luminal B groups compared to

compared to the non-HPV 16/18 infection the HER-2 OVETEXPTESSION group and higher in
the HER-2 overexpression group compared to

group and lower in the non-HPV 16/18 the triple-negative group (all P < 0.05) (Table
infection group compared to the non-HPV- 4).

infected group (all P <0.05) (Table 4).

Table 4: Comparison of NKILA expression in tumor tissues of different molecular types in patients in the
observation group

Group NKILA relative NKILA high expression
Expression level (x+s) [example(%)]

Luminal A type group (n=57) 1.45+0.11 25 (61.40)

Luminal type B group (n=244) 1.49+0.13% 139(56.96)*

HER-2 overexpression group (n=39) | 1.18+0.07° 13(33.33)®

Triple-negative group (n = 60) 0.94+0.05% 14(23.33)%

Note: Compared with the HER-2 overexpression group, *P < 0.05, and the Luminal A group, *P < 0.05. HER-2 is human
epidermal growth factor receptor 2; NKILA is a nuclear factor, Sub-«B interacting with long noncoding RNA.

NKILA Expression in Tumor Tissues of
Patients with Different Prognoses
Among 400 patients in the observation group,

NKILA expression was compared between
patients with different prognoses, showing
significant differences related to recurrence and

357 were effectively followed up for 19 to 37 metastasis.

months (median follow-up time: 31 months).

Table 5: Comparison of NKILA expression in tumor tissues of patients with different prognoses in the
observation group

Group NKILA relative Expression level (x+s) | NKILA high expression
[example (%)]

No recurrence and metastasis group (n = 107) 2.17+0.18 71 (66.3)

Relapse and metastasis group (n = 250) 1.29+0.11 105 (42)

t/y? 47.858 7.831

P <0.001 0.005
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Note: NKILA is a long noncoding RNA interacting with nuclear factor «B.

Discussion

HPV16/18 can immortalize human breast
epithelial cells by reducing their dependency on
external growth factors, a key early event in
cancer development [7,8]. This
significant in breast cancer cases, particularly in
regions with high infection rates, where it is

virus is

often linked to axillary lymph node metastasis
[9]. Accurate prognosis prediction in
HPV16/18-infected breast cancer patients
remains a focus of recent studies.

Traditional clinical staging for predicting breast
cancer recurrence and metastasis  has
limitations, as patients with similar stages can

experience different outcomes. This highlights
the complexity of breast cancer and the need for
better prognostic tools [10]. NKILA, a long
noncoding RNA, is an inhibitor of the NF-xB
pathway, often dysregulated in tumors.
Elevated NF-kB levels are associated with
increased BCL-2 apoptosis
inhibition, and epithelial-mesenchymal
transition, promoting cancer progression [3,11].
NKILA forms an kB complex, preventing NF-
kB activation, thus playing a critical role in
metastasis suppression [11].

expression,

NKILA expression is higher in low-invasive
cancer cell lines and lower in highly invasive
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ones. In vitro studies show that the upregulation
of NKILA significantly reduces cell migration
and invasion [12]. Clinically, NKILA
expression is highest in benign breast tissues,
lower in adjacent tissues, and lowest in tumor
tissues, suggesting its role in cancer
progression. NKILA levels negatively correlate
with IL-6, VEGF, and VEGFR-2, key markers
linked to tumor growth, angiogenesis, and
recurrence [13].

Additionally, = HPV16/18-infected  breast
cancers show lower NKILA expression,
suggesting a link between HPV infection and
NKILA regulation. NKILA levels also vary by
molecular subtype, being lowest in HER-2-
overexpressing and triple-negative breast
cancers, which are associated with poor
prognosis [14]. Reduced NKILA expression
correlates with higher recurrence and metastasis
rates, making it a promising marker for
personalized prognosis and treatment strategies.

Conclusion

NKILA expression is significantly reduced in
breast cancer tissues, particularly in HPV
16/18-infected, TNBC, and HER-2-
overexpressing  tumors. Low  NKILA
expression is associated with poor prognosis,
including higher rates of recurrence and
metastasis. Future research should explore
strategies to upregulate NKILA expression as a
therapeutic approach.
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Fig 1: shows the proposed method of transmission of HPV.
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Table 1: Classification and grouping of the patient according to recurrence and
metastasis and according to their expression of NKILA

Groups Number of patients
recurrence and metastasis group 250
non-recurrence and metastasis group 107
high-expression group NKILA 240
NKILA low-expression group 254
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Table 2: Comparison of NKILA expression in lesion tissue between the observation group and the

control group (x+s)

NKILA expression Group

16.95+2.80 Control group (n = 50)
1.36+0.22 Observation group (n = 400)
P value <0.001
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Fig 2: illustrates the expression. Note: a is the NKILA in situ hybridization images of the tumor tissue in the
observation group under 400X magnifications; B is the NKILA in situ hybridization images of the adjacent
cancer tissue in the observation group under 400X magnifications; C is the NKILA in situ hybridization images

of the lesion tissue in the control group under 400X magnifications.
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Table 3: Comparison of serum IL-6, VEGF, and VEGFR-2 detection results between the observation and
control groups (x+s).
Group IL-6 (ng/L)

0.42+0.07

VEGF (pg/ml)
102.03+16.15

VEGFR-2 (pg/m)
140.75+26.07

Control group (n = 50)
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Observation group (n =400) | 0.95+0.13 448.45+69.74 413.89+68.95
t 28.201 34.948 27.691
p <0.001 <0.001 <0.001
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Table 4: Comparison of NKILA expression in tumor tissues of different molecular types in patients in the

observation group

[ DOI: 10.61186/ijbd.18.1.75]

Group NKILA relative NKILA high expression
Expression level (x+s) [example (%)]

Luminal A type group (n=57) 1.45+0.11 25 (61.40)

Luminal type B group (n=244) 1.49+0.132 139 (56.96)*

HER-2 overexpression group (n=39) | 1.18+0.07° 13 (33.33)°

Triple-negative group (n = 60) 0.94+0.05% 14 (23.33)®
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Table 5: Comparison of NKILA expression in tumor tissues of patients with different prognoses in the

observation group

Group NKILA relative Expression level (x+s) [NKILA high expression
[example (%)]

No recurrence and metastasis group (n = 107) 2.17+0.18 71 (66.3)

Relapse and metastasis group (n = 250) 1.29+40.11 105 (42)

t/y? 47.858 7.831

P <0.001 0.005
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