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Impending role of inflammatory
markers and their specificity
and sensitivity in breast cancer
patients

Samina Malik?, Sulayman Waquar?, Nimra Idrees? & Arif Malik?3™

Cancer and related disorders are the most common cause of cancer-related mortality with the
incidence of 1in 9 among the pre-menopausal Pakistani females. among the most common ailments
worldwide, indicating the importance of developing particular techniques that could help attenuate
the effects of breast cancer and related outcomes. The primary aim of the current study was to review
the role of inflammatory and stress markers in the development and progression of breast cancer.
Four hundred ninety-eight (n=498) patients with breast cancer and four hundred and ninety-eight
(n=498) age- and sex-matched controls were selected for this case—control study. Serum samples
were obtained, and the levels of stress and inflammatory markers, including Matrix metalloproteases
(MMPs), Interleukins (ILs), Heat shock proteins (HSPs), Malondialdehyde (MDA), Nitric Oxide (NO),
inducible Nitric Oxide Synthase (iNOS) and Tumour necrosis factor-alpha (TNF-a), were determined.
Most (62%) patients had metastatic breast cancer (stage Ill or IV) with an adverse grade (65% with
Grade Ill and 35% with Grade Il). The present study showed that the levels of oxidants such as MDA,
ILs, MMPs and HSPs were significantly greater, while the levels of antioxidants such as Superoxide
Dismutase (SOD), Glutathione (GSH), Catalase (CAT), vitamin A, C and D were significantly lower

in breast cancer patients than in controls, suggesting their diagnostic importance and role in the
pathophysiology of breast cancer. Oxidants, including IL-1, HSP27 and MMP9, which are highly
specific and sensitive, may be used to develop the pathophysiological pathways of metastatic
breast cancer in these patients. These pathways include cell invasion, cell migration and epithelial-
mesenchymal transition. Therefore, we concluded that an increase in growth factors, e.g., Vascular
Endothelial Growth Factor (VEGF), Tumour Growth Factor-beta (TGF-B) and B-cell ymphoma (Bcl2),
under the influence of these variables plays a crucial role in the metastasis of breast cancer.
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Breast cancer remains as one of the most common multifactorial diseases in women worldwide. This disease
is the major cause of mortality in both developed and developing countries’. Globally, eight million deaths
were reported due to breast cancer in 2008, and this figure is estimated to increase to 11 million at the end of
20307 Breast cancer is a metastatic cancer that can spread to other organs, such as the bone, liver, lungs, and
brain, resulting in injury. Early detection of this disease can lead to improved prognosis and increased survival’.
Early diagnosis of breast cancer using image processing techniques has been reported in the literature, major
therapeutic goals include increasing life expectancy and controlling low-dose toxicity related to maintaining
or improving quality of life*. There are two hypothetical theories in breast cancer research: the cancer stem cell
theory and the stochastic theory®.

Risk factors for breast cancer include sex, age, race, family history and genetics, personal health history such
as early and late menstruation, reproductive history, genetic mutations, congested breast tissue, malnutrition,
obesity, lack of awareness, excessive alcohol consumption, radiation and nulliparous status, improper breastfeed-
ing, oral contraceptives, delayed marriage and lifestyle®=®. Most patients with breast cancer have a better chance
of survival if diagnosed early and treated appropriately®'®. Therefore, early detection and effective treatment are
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highly important for reducing the incidence and mortality of breast cancer. Breast self-examination (BSE) and
mammography are believed to be the most effective ways to ensure early detection of breast cancer. Information
and awareness of risk factors and the practice of testing, such as BSE, are important for reducing the incidence
of breast cancer!!. Chronic inflammation and involvement of inflammatory markers play significant role in onset
and progression of breast cancer'. Inflammatory markers, such as C-reactive protein (CRP), interleukin-6 (IL-6),
and tumour necrosis factor-a (TNF-a), have been shown to increase dramatically in response to infection, tissue
damage, and active disease’®. Differences in the degree of reference can predict the onset of health events, such
as heart disease and disability, in people with no apparent inflammation'“. Both the risk of cancer and plasma
levels of inflammation increase with age, but it is not clear whether the variability in circulating marker levels
is associated with an increased risk of cancer’®. Research on rodents has provided direct evidence that genetic
abnormalities and obesity increase inflammation in mammary gland cells, cytokine production, and morpho-
logical changes!'®. MMP-1 inhibited the invasive ability of various MDA-MB 231 cells in vitro and inhibited the
growth of breast cancer cells when the cells were injected into rats. A reduction in MMP-1 expression significantly
reduced brain metastasis and lung metastasis formation following cell injection into the left ventricle of the heart
and tail, respectively!”. Tumour necrosis factor-a (TNF-a) is an important inflammatory cytokine found in the
TME that is involved in all stages of breast cancer growth, affecting cell proliferation and survival, epithelial-to-
mesenchymal transition (EMT), metastasis and recurrence. In breast cancer, TGF-{ has been suggested to play
dual roles'®. This molecule acts as a tumour suppressor in the early stages of the disease when it prevents the
outflow of carcinomas in situ through its anti-inflammatory functions. In the later stages of this disease, TGF-f
is believed to promote tumour progression, in part by improving cell motility and invasiveness and the ability to
metastasize®. A tumour that promotes TGF- expression correlates with the activity and increased protection
of TGF-P by cancer cells during tumour progression. Interleukins determine the development, proliferation,
and migration of breast cancer cells, affecting the onset of aggressive disease, angiogenesis and tumour growth,
and are predictable factors that determine breast cancer survival rates®. Oestrogen stimulates the growth of
oestrogen-positive breast cancer. This issue is why menopausal hormone therapy is contraindicated in women
with breast cancer or a history of breast cancer to avoid increasing women’s risk of breast cancer recurrence*..

Materials and methods

Four hundred ninety-eight (n=498) patients with confirmed breast cancer and four hundred ninety-eight
(n=498) healthy age- and sex-matched controls were recruited for this case—control study. The diagnosis of
breast cancer was confirmed via histopathology. All patients provided informed consent, the study was approved
by the Ethical Review Committee of the Institute of Molecular Biology and Biotechnology, University of Lahore,
Lahore, Pakistan and all of the methodology was performed in accordance with the relevant guidelines and
regulations. Five millilitres of blood was drawn from the antecubital vein, and the serum was separated and
stored at — 80 °C in a vial for future analysis before the patient started chemotherapy.

Study design
Case-Control Study.

Setting

Patients were selected from Inmol Cancer Hospital Lahore after getting their initial assessment if they met the
selection criteria of the study during the interval of 2017-2020. All of the clinical and biochemical assessments
were carried out at Institute of Molecular Biology and Biotechnology, The University of Lahore.

Inclusion criteria
Females with clinically confirmed diagnosis of Breast Cancer age ranging from 35 to 65 years old, with at least
one year of similar medical history.

Exclusion criteria
Females with any other contagious and non-contagious disease were ruled out from the current study. And all
the patients with improper medical record were excluded from the current study.

Biochemical analysis

Determination of MMPS, ILs, HSPz, TNF-a, iNOS, and vitamin D

The levels of MMPs, ILs, HSPs, TNF-a, iNOS and vitamin D were determined with commercially available ELISA
kits (Cayman Chemicals, USA).

Estimation of superoxide dismutase (SOD)

Superoxide dismutase (SOD) activity was predetermined according to the Kakkar procedure?’. One hundred
microlitres of sample was taken in a tube, and 1.2 ml of PBS, 100 pl of phenazine methosulfate, 300 pl of NBT
and 200 ul of NADH were added. Thereafter, 100 pl of glacial acetic acid and 4 ml of 2-propanol were added to
the tube, which was subsequently centrifuged (3000 rpm, 10 min). The absorbance was measured at 560 nm.

Determination of glutathione (GSH)

Glutathione levels were estimated according to the protocol of Moron et al. (1979)%. Then, 100 pl of serum was
added to 0.02 M (2.4 ul) EDTA and ice-cooled (10 min), followed by the addition of 2 ml of distilled water. To
this mixture, 50.0 pl of TCA (50%) was added, and the mixture was incubated on ice (10-15 min). The samples
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were then centrifuged (3500 rpm). The supernatant was removed, and 2 ml of 0.15 M Tris was added. HCl and
0.05 ml of DTNB were used. The absorbance was measured at 412 nm.

Determination of malondialdehyde (MDA)

This method was performed as described by Ohkawa et al.**. Two hundred microlitres of sample was added to
the tube, to which 200 pl of 8.1% SDS and 1.5 ml of 20% acetic acid were added. Later, 1.5 ml of 0.8% TBA and
600 pl of distilled water were supplemented with 4 ml of 2-propanol. The mixture was centrifuged (4000 rpm,
10 min), and the supernatant was removed. Afterwards, the absorbance was measured at 532 nm using a UV-1100
spectrophotometer.

1.24

Determination of catalase (CAT)

Catalase (CAT) activity was determined by the method of Aebi (1974)*. One hundred microlitres of sample
was added to the tube, followed by the addition of 1.9 ml of phosphate buffer and 1 ml of H,O,. Finally, three
absorbance bands were measured every minute at a wavelength of 240 nm.

Estimation of nitric oxide (NO)

The Theories and Bories method was employed for this purpose®. A total of 100 pl of Griess Reagent was added
to 300 pl of sample, which was subsequently supplemented with 2.6 ml of distilled water and incubated (30 min).
The absorbance was measured at 548 nm.

Determination of vitamin A

The method described by Salvaraj and Susheela® is a simple spectrofluorometric method for the detection of
vitamin A in 50 pl serum samples. Assays of serum samples were performed at the microlitre level by the fluo-
rometric technique and by the standard spectrophotometric technique at the millilitre level.

Determination of vitamin C

The vitamin C method of Chinoy et al. was used for estimation®. One hundred microlitres of the sample was
added to 400 pl of 5% TCA and centrifuged (3000 rpm, 10 min). A total of 320 ul of supernatant was separated,
130 pl of DTC was added, and the mixture was allowed to warm (90 °C, 1 h). The mixture was subsequently ice-
cooled, 600 pl of sulfuric acid was added, and the absorbance was subsequently measured at 520 nm.

Statistical analysis

For the statistical analysis of the current study Independent T tests and Multivariate ANOVA (MANOVA)
were performed on the data obtained in the following study using SPSS version 21. The results of the study are
expressed as the Mean +S.D., where p <0.05 indicates significant findings. Moreover, contingency tables were
constructed to determine the sensitivity, specificity, NPV, PPV and odds ratio (OR) among the selected breast
cancer patients.

Results

The data presented in Table 1, show that the majority (n=287; 57.630%) of the patients with breast cancer in the
current study were underweight compared with those with a normal weight (n=122; 24.497%) or overweight/
obese (n=289; 17.871%). Most (n=297; 59.638%) of these patients had occupations that did not strictly require
mental (n=88; 17.995%) or manual (n=113; 22.690%) work. The educational status of most (n=301; 60.441%)
patients was primary school, whereas the remaining (n=197; 39.558%) were high school or above. A lack of
breastfeeding was observed in the majority (n=391; 78.514%) of the patients compared with the controls (n=107;
21.485%). A family history of breast cancer was negative for most (n=411; 82.530%) patients but was present
or some (n=87; 17.469%) patients. This finding may indicate the dominance of recessive alleles due to possible
parental consanguinity. Most (n=401; 80.522%) breast cancer patients had a history of hormonal contraceptive
use (n=97; 19.477%, no contraceptive use), especially in association with low parity.

As shown in Table 2, left unilateral breast cancer was more common (n=377; 75.702%) than right unilateral
breast cancer was (n=121; 24.297%). This finding may be associated with our preference for eating and drink-
ing using the right hand. Likewise, right-sided breastfeeding may be preferred by predominantly right-handed
mothers, who find it easier to feed from the right side most of the time holding the baby with their stronger
arm. This phenomenon could result in the retention of secretions, resulting in chronic infection and carcinoma
in the left breast. The patients were mostly ER-negative (n=291; 58.433%), PR-positive (n=341; 68.473%) and
HER2-negative (n=387; 77.710%). On TNM staging, most (n=308; 61.847%) patients had metastatic (stage
IIT and IV) breast cancer compared with those (n=102; 20.481%) with stage IT and n=388; 17.670% with stage
I. Invasive ductal carcinoma was the most prominent (n=304; 61.044%) histopathological type among breast
cancer patients. The remaining patients had invasive lobular carcinoma (n==85; 17.068%), medullary carcinoma
(n-58; 11.646%), papillary carcinoma (n=19; 3.815%) or malignant phyllodes (n=32; 6.425%). Most (n=251;
50.401%) of the breast cancer patients had no comorbidities.

The data in Table 3 reveal the role of oxidative stress and inflammatory markers, such as MDA, ILs, MMPs,
and TNF-aq, in the development and progression of breast cancer. Furthermore, the table indicates that the pro-
tective effects of various antioxidants and vitamins were significantly greater in the controls than in the patients.
The results shown in Tables 3 and 4 highlight the pivotal role of HSP-27, MMP-9, IL-1, 4, 6, 8, NO and TNF-a in
cell proliferation and metastasis. A contingency table was used to determine the sensitivity, specificity, and odds
ratios for the variables among the patients with prevailing breast tumours as shown in Table 4.
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Variables Cases (n=498) | Cases (%) | Controls (n=498) | Controls (%)
BMI

Underweight 89 17.871 55 11.044
Normal weight 122 24.497 341 68.473
Overweight and obese 287 57.630 102 20.481
Occupation

Manual worker 113 22.690 205 41.164
Mental worker 88 17.995 145 29.116
Others 297 59.638 148 29.718
Education

Uneducated 301 60.44 265 53.212
Educated 197 39.55 233 46.78

Age (years)

Mean age 36.50 - 35.34 -
Premenopausal 401 80.522 433 86.947
Postmenopausal 97 19.477 65 13.052
Age at first pregnancy

21 years and below 149 29.919 112 22.489
22-29 years 233 46.787 256 51.405
30 and above 166 33.333 130 26.104
Parity

Nulliparous 91 18.273 51 10.240
1-4 321 64.457 395 79.317
5 and above 86 17.269 52 10.441

History of breast feeding

None 83 16.666 33 6.626
6 M & below 294 59.036 271 54.417
>6 M to 1 year 47 09.437 55 11.044
>1 year 74 14.859 139 27.911
Family history of breast cancer

No 411 82.530 309 82.530
Yes 87 17.469 189 38.650

Parental consanguinity
Yes 153 30.722 171 34.337
No 345 69.277 327 65.662

Contraceptive use (6 months & above)
Yes 401 80.522 222 44.578
No 97 19.477 276 55.421

Systemic disease

Cardiac disease 56 11.244 13 2.658
Liver disease 49 9.839 21 4.216
Lung/respiratory disease 120 24.09 42 8.43
Neurologic disease 22 4.417 26 5.220
No 251 50.401 396 79.518

Table 1. Demographic and epidemiological parameters of breast cancer cases versus controls. *Underweight,
if BMI= < 18.5. Normal weight, if BMI=18.5-24.9. Overweight and Obese, if BMI = >24.9
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Cases (n=498) | Cases (%)

Breast involved

Left 377 75.702
Right 121 24.297
ER status

ER+ 423 84.939
ER- 75 15.060
PR status

PR+ 431 86.546
PR~ 67 13.453
HER?2 status

HER2+ 434 87.148
HER2- 64 12.851
TNBC

Yes 209 41.967
No 289 58.032
TNM staging

I 88 17.670
I 102 20.481
Il and IV 308 61.847
Tumor grade

Grade I 0.00 0.0000
Grade II 176 35.341
Grade IIT 322 64.658
Type of tumor

Invasive ductal carcinoma 304 61.044
Invasive lobular carcinoma | 85 17.068
Medullary carcinoma 58 11.646
Malignant phyllodes 32 6.425
Papillary carcinoma 19 3.815

Table 2. Clinical parameters of breast cancer cases. PR progesterone receptor, HER2 human epidermal growth
factor receptor 2, TNM is tumor node and metastasis (grading system). ER estrogen receptor.
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Further, upon performing the multivariate analysis of the said inflammatory markers among the type of
tumours niched in the current study, interesting relationships could be seen as shown in the Table 5. It shows
how the levels of IL-1, 2, 4, 6, 17, MMP-8 and HSP-90 remained significantly different among one two types of
tumours. The said significant difference highlights its role in the progression and development of certain tumour

Scientific Reports |

(2024) 14:15117 | https://doi.org/10.1038/s41598-024-65821-8 nature portfolio



www.nature.com/scientificreports/

Variable Control (n=498) | Patient (n=498) | P Value
MDA nmol/ml 1.92+0.059 3.77+0.87 0.009
SOD pg/ml 0.54+0.08 0.11+0.01 0.013
GSH pg/ml 10.68+1.23 4.42+0.15 0.021
CAT nmol.mol 3.95+0.11 2.13+0.13 0.03
IL1 pg/ml 2.34+0.53 6.97+1.54 0.005
IL2 pg/ml 3.85+£0.64 7.84+1.14 0.015
IL4 pg/ml 3.21+0.70 7.44+1.65 0.003
IL6 pg/ml 2.92+0.69 8.81+1.51 0.004
IL8 pg/ml 2.48+0.56 6.09+0.87 0.003
IL13 pg/ml 3.86+0.74 7.45+1.32 0.034
IL17 pg/ml 4.33+0.95 8.71+1.25 0.042
HSP27 pg/ml 4.41+£0.96 16.35+1.37 0.003
HSP70 pg/ml 6.55+1.38 22.81+3.12 0.004
HSP90 pg/ml 6.05+1.33 47.68+4.87 0.003
TNFa pg/ml 13.13+£2.66 31.04+8.64 0.012
NO ppm 595+1.28 20.82+4.08 0.019
iNOS ppm 5.45+0.99 21.47+8.76 0.005
MMP1 ng/ml 27.16+4.50 55.83+7.41 0.005
MMP2 ng/ml 37.50+5.81 215.34+16.49 0.039
MMP3 ng/ml 37.00+6.06 204.81+£22.45 0.026
MMP7 ng/ml 45.26+7.45 73.12+8.73 0.031
MMP8 ng/ml 48.02+8.15 76.71+£9.01 0.005
MMP9 ng/ml 42.00+£11.98 163.85+£22.38 0.015
Vitamin A IU 525.35+81.92 406.23 £77.49 0.032
Vitamin C mg/dL 0.61+0.01 0.36+0.078 0.011
Vitamin D nmol/L 13.19+0.91 9.46+0.76 0.011

Table 3. Determination of oxidative and inflammatory markers within the cases.

type and if they may be evaluated on the vast range would provide such evidences which would have their revo-
lutionary role in understanding the disease pathology.

Discussion

Matrix metalloproteases (MMPs) (and members of the ADAM protein family of related metalloproteinases) can
activate epidermal growth factor (EGF) receptors through the release of cell-related ligands, such as HB-EGF,
TGEFp, and amphiregulin®. Research over the past decade has revealed that MMPs can promote chemical resist-
ance and tumour progression through proteolytic inactivation of the cell receptor Fas and subsequent inhibi-
tion of internal apoptosis; preventing the separation of Fas by MMPs is a therapeutic intervention®’. MMPs can
also affect the tumour microenvelope by promoting the development of activated stromal cells. Myofibroblasts
are important sources of MMPs in breast cancer, and tumour progression and adverse reactions are associated
with strong expression of MMP-1, MMP-7, and MMP-9, as well as fibroblast-specific production of MMP-9,
MMP-11, and MMP-14%!. Cancer cells can also directly release various collagen isoforms that are resistant to
MMP fragmentation and can serve as indicators to direct cancer cell invasion in small areas rich in MMPs*.
Another important source of MMPs in breast cancer is adipocytes, which are associated with tumours. Cellular
genetic factors trigger the breakdown of adipocytes, which have more tissue around the developing breast cancer,
resulting in a phenotype associated with an increase in cytokines and MMP-11, which attacks breast cancer and
metastasis. MMPs have long been known to promote cancer cell attack by destroying the ECM, but MMPs can
act directly on tumour cells to promote invasive cellular features**. MMP-9 regulates cancer cell proliferation
and metastasis in part by clearing Wnt/planar cell polarity protein-tyrosine kinase-7 (PTK7). MMP-3 promotes
spontaneous tumour formation in mice, and subsequent analysis of this process revealed that the exposure of
cultured mammary epithelial cells to MMP-3 directly activated EMT. It is possible that many studies in which
MMPs have been shown to promote cell cancer and cancer invasion, although not directly investigated in these
cases in the context of EMT, actually examined the cellular effects of incomplete or damaged EMT systems™.
MMPs can also act as signalling-independent molecules through their proteolytic activity. The interaction of
MMP substrates with subdomains of non-MMPs is known to affect the selection of specific substrates and target
areas within those substrates. The MMP activities and specifications have been described. These combinations
may also further signal functions: interaction of MMP-2 or MMP-9 haemopexin domain-containing compounds
or CD44 may promote cell survival, migration and angiogenesis®*. Two novel functions of the MMP-3 hae-
mopexin domain include interaction with extracellular heat shock protein 90- (HSP90p), which may promote
invasion of mammary epithelial cells and morphogenesis, while binding of the MMP-3 haemopexin domain to
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Variables SN% |SP% |NPV% |PPV % | Odds ratio (CI 95%)
MDA nmol/ml 80 62 14 98 6.73
SOD pg/ml 58 46 6 95 1.19
GSH pg/ml 48 54 5 95 1.09
CAT nmol.mol 55 52 6 96 1.36
IL1 pg/ml 82 79 19 99 17.43
IL2 pg/ml 68 64 10 97 379
L4 pg/ml 77 75 14 98 9.51
IL6 pg/ml 72 72 12 98 6.67
IL8 pg/ml 60 60 7 97 2.29
IL13 pg/ml 62 58 8 97 2.33
IL17 pg/ml 61 66 8 97 3.10
HSP27 pg/ml 88 86 28 99 47.16
HSP70 pg/ml 76 72 14 98 8.48
HSP90 pg/ml 81 68 16 98 8.99
TNFa pg/ml 76 66 12 98 5.89
NO ppm 82 74 18 98 13.01
iNOS ppm 75 66 12 98 5.59
MMP1 ng/ml 58 45 5 95 1.12
MMP2 ng/ml 56 54 6 96 1.51
MMP3 ng/ml 57 60 7 96 1.99
MMP7 ng/ml 58 62 7 97 2.32
MMP8 ng/ml 72 54 9 97 3.15
MMP9 ng/ml 87 81 25 99 27.54
Vitamin A TU 60 58 7 96 2.10
Vitamin C mg/dL 75 44 8 96 2.26
Vitamin D nmol/L 64 48 7 96 1.65

Table 4. Sensitivity, Specificity, NPV, PPV and odds ratio using 2 x 2 contingency tables.

. 95% CI
Mean difference
Dependent variable | (I) Type of tumour | (J) Type of tumour | (I-]) Std. error | Lower bound | Upper bound
IL-1 Invasive ductal Medullary carcinoma | 0.7668* 03639 0.0517 1.481
carcinoma
Invasive ductal Papillary carcinoma | 1.0842* 0.50673 0.0885 2.07
carcinoma
IL-2 .
Invasive lobular Papillary carcinoma | 1.3470* 0.54377 0.2786 2.4154
carcinoma
IL-4 Invasive ductal Papillary carcinoma | 1.3006* 0.625 0.0723 25288
carcinoma
IL-6 Medullary carcinoma | Papillary carcinoma | 1.4263* 0.693 0.0631 2.7896
IL-17 Invasive lobular Papillary carcinoma | 1.2714* 0.572 0.1456 23971
carcinoma
MMP-8 Invasive ductal Medullary carcinoma | — 138.5159* 49.85 - 236.47 - 40.56
carcinoma
Invasive lobular Medullary carcinoma | — 138.7155* 59.25 —255.14 —-22.28
carcinoma
HSP-90 Invasive lobular Medullary carcinoma | — 8.4724* 423 -16.79 -0.152
carcinoma

Table 5. Multivariate analysis of inflammatory markers among the different tumour types all of the reported
values are at p<0.05.

Wnt5b prevents canonical Wnt signalling and regulates the formation of mammary stem cells*. The interaction
of proteins with subunits with different TIMP-1 subunits in the inhibitory MMP domain also contributes to
tumour growth. The independent MMP interaction of TIMP-1 with CD63 results in apoptosis resistance, EMT
implantation, and cell division-related stemness. The active inhibition of the protumorigenic activity of MMPs
and TIMPs is needed to determine the fusion and noncatalytic activities of these molecules®’. The activity of
MMP-2 and MMP-9 in serum or plasma, measured by gelatine zymography, has been shown to distinguish
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between breast cancer subclassification and various risk factors, predict lymph node metastasis, and evaluate
treatment response in breast cancer patients. Other studies have evaluated the concentration of the MMP-9
protein in serum by ELISAs or by Luminex multiplex protein assays to provide an effective alternative to the
same predictive value, and a higher serum MMP-2 concentration measured by ELISAs is also associated with
incorrect prediction. Both matrix degradation enzymes have antiapoptotic effects. MMPs and ADAM, especially
MMP-7 and ADAMI0, provide apoptotic signals to cancer cells by removing the Fas ligand, a transmembrane
receptor Fas, on the cell surface. This proteolytic activity activates the Fas receptor and induces resistance to
apoptosis and chemoresistance in cancer cells or promotes apoptosis in neighbouring cells according to the
system. In addition, proteolytic depletion of phase-related tumour-protein-related protein I by ADAM17 may
suppress the fatal cell-specific cytotoxicity of cancer cells. Notably, MMPs may contribute to the antiapoptotic
effect by indirectly activating the serine/threonine kinase Akt/protein kinase B through the EGFR and IGFR
cassettes. MMPs also promote apoptosis, possibly indirectly by altering the structure of the ECM, for example,
by cleaving laminin, which influences the integrin signature.

The most common type of breast cancer, IDC, starts with growing cells and involves establishment of tubes,
attacks on fatty tissue outside the canal and the development of a smooth and heavy tumour in the chest®®. IL-1
expression was significantly greater in IDC breast tissue than in healthy tissue. IL-1 levels have been proven to
be consistent with early tumour status, advanced tumour stage, high levels of lymph node emergence and distant
metastasis, HER2 status, and the presence of mitotic counts®. High IL-1 expression levels predict higher survival
rates and metastasis survival in patients with a risk greater than three times greater (HR =3.322). However, the
serum levels of IL-1 are not altered by the tumour phase, suggesting that IL-1 levels in a small local area are more
important than the effect on the breast cancer system. Therefore, IL-1 expression in tumour cells is considered
to be involved in foetal progression and is correlated with the clinical outcome of patients with breast cancer.
Therefore, the IL-1 concentration has the potential to be an indicator for patients with IDC breast tumours. IL-1
acts on autocrine tissue, and the expression and colocalization of IL-1 and its cognate receptors can be observed
in both human (MCF-7 and Hs578T) and mouse (67NR and 4T1) breast cancer cell lines. In vitro studies have
shown that IL-1 activation in 4T1 cells involves the intracellular signals STAT3, JNK, ERK, AKT, and NF-«B,
which may be involved in cell proliferation and survival, but phosphorylation occurs only at the JNK, ERK, and
AKT levels in Hs578T human breast cancer cells. Fibronectin (FN) expression and tumour cell interactions are
well-known promoters of tumour progression and lung metastasis in patients with breast cancer. IL-1 treat-
ment improves certain growth and migratory functions, as does fibronectin expression and binding to both
human and rat breast cancer cells. In MCF-7 cells, IL-19 directly promotes proliferation, leading to an increase
in the percentage of cells in the G2/M phase of the cell cycle*!. Exposure to chronic fibronectin and gastric cell
migration have been confirmed in IL-1, 2, 4, 17, and 19 knockdown 4T1 cells, while IL-1 treatment continues
to increase migration in IL knockdown cells*?. In addition, IL-1 overexpression promoted the proliferation,
migration, tumour growth, and metastasis of breast cancer cells. CXCR4, one of the most prominent chemokine
receptors secreted by breast cancer cells and attracted by its ligand, SDF-1cy, is essential for targeted breast cancer
metastasis®®. IL-1 reduces the expression of CXCR4 in breast cancer cells. An active hypoxic factor has been
reported in the IL-1 promoter, while hypoxia reduces IL-1 expression in association with an increase in CXCR4
in breast cancer cell lines. After chemical response (CoCl2) and physiotherapy (hypoxia chamber) treatment for
hypoxia, an anti-IL-1 mAb was used to reduce hypoxia induced by CXCR4 expression in vitro**. Therefore, the
expression of IL-1 can increase in combination with hypoxia induced by CXCR4 and metastasis. T-cell activation
and proliferation by releasing IL-10, TGF-B, and prostaglandins. Th2 cytokines promote M2-polarized TAM
phenotypes and are very important for eliminating the immune system and inflammatory circuits that promote
tumour growth and progression®. In breast carcinomas, a higher rate of TAM infiltration is associated with a
worse prognosis. IL-19 converts Th1 and Th2 cells into Th2 cells. This molecule stimulates the secretion of Th2
cytokines (IL-4, -5, -10, and -13) and reduces Th1 cytokine depletion (IFN-y)*. IL-17 treatment induces IL-19
expression, and the levels of IL-13 and -19 are closely related to the Th2 response to human asthma. Treatment
of LPS-stimulated monocytes with IL-4 or IL-13 enhances IL-19 expression. There may be a positive response
between IL-19 and Th2 cytokines*. Whether Th2 cytokines promote the function of TAMs has been confirmed;
however, the relationship between IL-19 and T2-polarized TAMs remains to be determined. Interleukin (IL)-6
can play a key role in the growth and development of cancer cells, in the formation of osteolysis and humoral
hypercalcaemia, and in the regulation of oestrogen production in breast cancer cells. IL-6 has also been suggested
to be a cachectic factor in cancer patients. Decreased serum IL-6 levels induced by medroxyprogesterone acetate
(MPA) have been reported to be associated with weight loss in patients with advanced breast cancer*®. Elucidation
of the mechanisms underlying the anticachectic effect of MPA showed that the secretion of IL-6 from the KPL-4
cell line, the first cell line of human breast cancer, induces cachexia. It has been suggested that the inhibitory
effect of MPA on IL-6 secretion from breast cancer cells causes the anticachectic effect of MPA. Several of our
studies have shown that 5’-fluorouridine (5-DFUR) inhibits KPL-4 tissue growth and lowers IL-6 levels in both
serum and tumour tissues*’. Decreased serum IL-6 levels led to reduced weight loss. Docetaxel increased IL-6
levels in both serum and KPL-4 tissues, but combined treatment with docetaxel and 5-DFUR not only led to a
stronger antitumour effect but also caused a dramatic decrease in the serum IL level.

Hsp90 functions as a molecular regulator in cells by binding to a group of active proteins called cochaperones.
Among these proteins, p50/Cdc37 has been shown to be highly expressed in most cancers and is needed for the
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Figure 1. The postulated role of inflammatory pathways in the development and progression of breast cancer.

maturation of a wide range of oncogenic protein kinases. Cdc37 has been tested for its ability to target cancer and
appears to be very effective at least in prostate cancer™. Cdc37 has therapeutic potential due to its high potential
for cancer screening and ongoing testing to identify breast cancer proteins®'. Hsp70 appears to be effective at
treating breast cancer due to its ability to prevent systemic cell death and senescence after exposure to high levels
of Hsp70, which are important features of fatal mutations®?. Hsp70 can therefore lead to cell activation by allow-
ing planned cell death. However, unlike those available for Hsp90, effective drugs for targeting the ATP-binding
domain of Hsp70 are currently unavailable. However, as Hsp70 inhibits apoptosis at the postmitochondrial level
by activating the apoptosome and AIF, Hsp70-targeting techniques appear to be effective at overcoming tumour
cell resistance. In breast cancer, Hsp27 has severe side effects due to its ability to cause structural anti-cell death
and senescence®. Hsp27 is activated in both stress-induced enlargement and phosphorylation by p38 MAPK
stress kinase, but it is unclear which of these processes are involved in Hsp27 upregulation in cancer. However,
HSF1 functions in breast cancer, and Hsp27 levels may increase a second time during this change. After activa-
tion, Hsp27 regulates its cellular activity through a phosphorylation and oligomerization-based process involved
in its protein function and cell threats. Unlike other HSPs, sHSPs do not bind to ATP, a substance that can cause
this molecule to be difficult to identify with small chemicals. Many active anticancer agents target the ATP-
binding domains of protein kinases or other cellular chaperones. As the central moderator of the HSP discourse,
HSF1 may be a platform for innovative ways to treat breast cancer. HSF1 dysfunction has been shown to inhibit
cancer progression®. In addition, the HER2/neu pathway has been shown to induce HSF1 and HSP expression
and to induce autoimmune and drug-induced cell death. HSF1 can also mediate tumorigenic effects through
another mechanism involving the recruitment of the prometastatic gene corepressor MTA1, which inhibits the
expression of antimetastatic genes as shown in Fig. 1°°. All of the said correlations could be seen in Table 6, MTA1
thus appears to act as a crossroads between oestrogen and Her2/neu regulatory signalling, promoting metastasis,
and HSF1 appears to be involved in these effects. HSF1 also has additional functions in cancer, including the
development of dangerous signatures through the use of ERK, PKA and TOR®.

Conclusion

The current study helps in determining the potential variables that may be involved in the development and
progression of breast cancer among the population. Increased levels of oxidative and nitrosative stress species
under the influence of increased levels of inflammatory cytokines lead to increased incidences of cell invasion,
cell migration and epithelial-mesenchymal transition. Hence, upregulation of the inflammatory markers i.e.,
TNF-a, MMPs, HSPs and ILs have significant interplay in the onset and progression of breast cancer.

Scientific Reports |

(2024) 14:15117 | https://doi.org/10.1038/s41598-024-65821-8 nature portfolio



www.nature.com/scientificreports/

“(P311e3-7) 19491 10°0 213
Je JUeOYIuSIs ST UOTIR[RII0D) ., (PA[TEI-T) [2AS] SO°0 Y3 Je JuedyrudIs sI Uone[110)), ‘sjurajed 100Ued ISBIIQ JO SA[qeliea [enjuajod oY) Suowe XLIJeW SJUSIDIJI0d UONR[P1I00 S NOSYVAd "9 dIqeL

2

1 06dSH £

=

80 1 0LdSH m.

wS8F0 | 860 1 LTdSH s

=]

WFPP0 | T680 | €580 1 64NN ]

0700 | «0LT'0 | wOTT0 | 4STI0 1 SANIN =
WTLPO | aES60 | €860 | wLLLO | 46010 1 LANN
WOEV0 | P60 | wILED | w6LLO | wmETT0 | 8860 1 £ANIN
L8V0 | al860 | D660 | w880 | wSTIO | 1Z960 | x6V60 1 TdNN
SEOPO | a8960 | 6860 | +x608°0 | wOTT0 | wE€660 | «L860 | xEL60 1 TdNIN
WT8FO | ad9F0 | wS8F0 | wxE6E0 1€00 | w8870 | wd9F0 | wSLFO | wTlFO 1 SONI
SSLVO | 19860 | «x6860 | wx8F8'0 | waIPTO | w0L60 | xxl960 | w7860 | wBLEO | uELFO 1 ON
W8P0 | 9860 | @960 | w6160 | IO | wI€60 | wIT60 | wlL60 | wFPE0 | w9EK0 | w960 1 BINL
WETT0 | WIS | w66V0 | xllO TLOO | w9LV0 | wllVO | wlIS0 | wd8F0 | w6ST0 | wl0S0 | 5ul0S0 1 A

WELTO | a69F0 | SHPO | w@OF0 | 4010 | wo€IF0 | wOFF0 | w8GHO0 | wl€F0 | G810 | wlOV0 | x69F0 | €950 1 €11 0

—

WTLTO | 00F0 | @950 | wlEP0 1200 | wZIE0 | slT€0 | woFBE0 | wSTE0 | w6910 | wll€0 | wF6E0 | wSOFO | lT€0 1 811 >}

Al

WFEFO | oFSE0 | 0L60 | €080 | wELTO | 9L60 | xx0660 | x:0S60 | xF860 | xOFFO | wx0L60 | w660 | xxI8FO | o8P0 | wLlISO 1 911 ©

;

SSHO | aEL60 | xxS960 | wiTT80 | wF6T0 | 8560 | w960 | 20960 | xFIEO | wfEFO | sFB60 | 110960 | w60 | x0LF0 | w8SE0 | xTL6D 1 VI N

S

w89T0 | wZTS0 | w050 | OIS0 | 40600 | wSLFO | wILF0 | OIS0 | wl8F0 | wIPTO | G050 | w8IS0 | whbS0 | «89E0 | w6IE0 | wi870 | w0670 1 40 ©

)

L6V | kP60 | 9860 | w980 | wlITI0 | w8L60 | x9960 | w860 | w860 | w6LFO | xbL60 | wSLE0 | xl6F0 | oZEF0 | wESE0 | w960 | xl960 | xxl0SO 1 I v

VSO0 | «L600 | 41010 | wZZT0 | P00~ | €600 | L0010 | 46600 | .S600 | SOT0 | «T60°0 | 4LOT'O 8700 £50'0 Y00 | «860°0 8L00 | <7600 | 41010 1 a-LIA 3

oo

¥20'0 - 1100 8000 SE0'0 0000 1100 8000 7100 7100 0000 7000 020'0 7100 €00 | 5700~ 7100 2000 £20'0 S10'0 5000 1 O-LIA iy

aT9F0 = | 1960 = | «xEL60 ~ | 1TE8O~ | 1aTTTO~ | 1S960 ~ | +xIL60~ | 148960~ | x6L60 ~ | xx99F0 = | +x€960 ~ | xs6P60 ~ | xZ8F0 ~ | x9EFD ~ | wuOTE0~ | 11SL60~ | xTSE0 ~ | +x805°0 — | +x1L60~ | 48600~ | 61070~ 1 IVO M

240070 = | 1TFE'0 = | xx1S60 = | 1x6T80 = | x6ET0 = | xPS60 ~ | 526960 = | ss€P60 = | 1960 = | xx0TH'0 = | 5xLS60 = | xs8V60 = | x8F0 = | xxlOF0~ | saITEO~ | xlL60 = | 9560 = | wxllVO~ | 1a8P60~ | L8010~ | LIOO= | 5T960 1 HSD MJ

g

WEPE0~ | )l 180~ | FL80~ | w8190~ | $800~ | xIT60 = | xbP6'0 ~ | 4x6780 = | wu€T60 = | 10050 = | xxIS80 ~ | wal6L0~ | 1188E0 ~ | xuFSE0 ~ | xxb9T0 ~ | sel€60~ | 1u0S8'0 = | xF6E0 ~ | xxSS8'0 ~ | xT600~ | TO00~ | G060 | wal060 1 aos o

WLIP0 | w960 | wbT60 | x6F80 | wbITO | 0Z060 | «ll60 | «6T60 | w60 | w06E0 | x6F60 | w960 | wl6F0 | wblFO0 | wIL€0 | wdP60 | w60 | x66¥0 | «6E60 | 6800 | 8000 | xEEE0~ | xx0F60 ~ | «x108°0 — 1| vaw 3

2

=

06dSH | O0LdSH | (TdSH | 6dWI | S8ANW | LdWW | €dWW | TN | IdNW | SON! o BINL LTI €171 811 91 VI 4 11| QLA | O-LIA LVO HSD aos | vaw g

S

=]

=

[

o

[

(¥

I.T

L]

~

3

o

o

o~

Z

w

t

o

=%

1)

-3

v

£

=

c

2

O

]




www.nature.com/scientificreports/

Data availability

The data that support the findings of this study can be obtained from the corresponding author upon reasonable
request. Any additional information needed to reproduce this work can also be obtained from the correspond-
ing author.

Received: 17 December 2023; Accepted: 24 June 2024
Published online: 02 July 2024

References

1.

Li, N. et al. Global burden of breast cancer and attributable risk factors in 195 countries and territories, from 1990 to 2017: Results
from the Global Burden of Disease Study 2017. J. Hematol. Oncol. 12(1), 140 (2019).

2. Momenimovahed, Z. & Salehiniya, H. Epidemiological characteristics of and risk factors for breast cancer in the world. Breast
Cancer 11, 151-164 (2019).
3. Younis, Y. S. et al. [Retracted] Early diagnosis of breast cancer using image processing techniques. J. Nanomater. 2022(1), 2641239
(2022).
4. Cardoso, F. et al. European Breast Cancer Conference manifesto on breast centers/units. Eur. J. Cancer 72, 244-250 (2017).
5. Polyak, K. Breast cancer: Origins and evolution. J. Clin. Investig. 117(11), 3155-3163 (2007).
6. McPherson, K., Steel, C. & Dixon, ]. Breast cancer—epidemiology, risk factors, and genetics. BMJ 321, 624-628 (2000).
7. Harrison, P. A, Srinivasan, K., Binu, V. S., Vidyasagar, M. S. & Nair, S. Risk factors for breast cancer among women attending a
tertiary care hospital in southern India. Int. J. Collab. Res. Intern. Med. Public Health 2(4), 109-116 (2010).
8. Leong, S. P. et al. Is breast cancer the same disease in Asian and Western countries?. World J. Surg. 34(10), 2308-2324 (2010).
9. Rao, D. N, Ganesh, B. & Desai, P. B. Role of reproductive factors in breast cancer in a low-risk area: A case-control study. Br. J.
Cancer 70(1), 129-132 (1994).
10. Olowokere, A. E., Onibokun, A. C. & Oluwatosin, A. O. Breast cancer knowledge and screening practices among women in selected
rural communities of Nigeria. J. Public Health Epidemiol. 4(9), 238-245 (2012).
11. Sanad Alqarni, A. et al. Knowledge, attitude and practice of female toward breast self-examination at Abha City. Egypt. J. Health
Care 14(2), 466-475 (2023).
12. de Heredia, E P,, Gémez-Martinez, S. & Marcos, A. Obesity, inflammation and the immune system. Proc. Nutr. Soc. 71(2), 332-338
(2012).
13. II'yasova, D. et al. Circulating levels of inflammatory markers and cancer risk in the health aging and body composition cohort.
Cancer Epidemiol. Prev. Biomark. 14(10), 2413-2418 (2005).
14. Cesari, M. et al. Inflammatory markers and physical performance in older persons: The INCHIANTI study. J. Gerontol. A 59,
242-248 (2004).
15. Hutchinson, W. L. et al. Inmunoradiometric assay of circulating C-reactive protein: Age-related values in the adult general popula-
tion. Clin. Chem. 46(7), 934-938 (2000).
16. Tucker, D. K., Hayes Bouknight, S., Brar, S. S., Kissling, G. E. & Fenton, S. E. Evaluation of prenatal exposure to bisphenol analogs
on development and long-term health of the mammary gland in female mice. Environ. Health Perspect. 126(8), 087003 (2018).
17. Silva, M. J. et al. Type 1 diabetes in young rats leads to progressive trabecular bone loss, cessation of cortical bone growth, and
diminished whole bone strength and fatigue life. J. Bone Miner. Res. 24(9), 1618-1627 (2009).
18. Reiss, M. & Barcellos-Hoff, M. H. Transforming growth factor-f in breast cancer: A working hypothesis. Breast Cancer Res. Treat.
45(1), 81-95 (1997).
19. Pierce, D. F. et al. Mammary tumor suppression by transforming growth factor beta 1 transgene expression. Proc. Natl. Acad. Sci.
USA 92(10), 4254-4258 (1995).
20. Dmitrieva, O. S., Shilovskiy, I. P, Khaitov, M. R. & Grivennikov, S. I. Interleukins 1 and 6 as main mediators of inflammation and
cancer. Biochemistry (Moscow) 81(2), 80-90 (2016).
21. Zumoff, B. Does postmenopausal estrogen administration increase the risk of breast cancer? Contributions of animal, biochemical,
and clinical investigative studies to a resolution of the controversy. Proc. Soc. Exp. Biol. Med. 217(1), 30-37 (1998).
22. Kakkar, P, Das, B. & Viswanathan, P. N. A modified spectrophotometric assay of superoxide dismutase. Indian J. Biochem. Biophys.
21, 130-132 (1984).
23. Moron, M. S, Depierre, ]. W. & Mannervik, B. Levels of glutathione, glutathione reductase and glutathione S-transferase activities
in rat lung and liver. Biochim. Biophys. Acta 582(1), 67-78 (1979).
24. Ohkawa, H., Ohishi, N. & Yagi, K. Assay for lipid peroxides in animal tissues by thiobarbituric acid reaction. Anal. Biochem. 95(2),
351-358 (1979).
25. Aebi, H. Catalase. In Methods of Enzymatic Analysis 673-684 (Academic Press, 1974).
26. Feelisch, M. & Stamler, J. Methods in Nitric Oxide Research (Wiley-Blackwell, 1996).
27. Salvaraj, R. J. & Susheela, T. P. Estimation of serum vitamin A by a microfluorometric procedure. Clin. Chim. Acta 27(1), 165-170
(1970).
28. Chinoy, N. J., Mehta, R. R,, Seethalakshmi, L., Sharma, J. D. & Chinoy, M. R. Effects of vitamin C deficiency on physiology of male
reproductive organs of guinea pigs. Int. J. Fertil. 31(3), 232-239 (1986).
29. Gialeli, C., Theocharis, A. D. & Karamanos, N. K. Roles of matrix metalloproteinases in cancer progression and their pharmaco-
logical targeting. FEBS J. 278(1), 16-27 (2011).
30. Mitsiades, N., Yu, W. H., Poulaki, V., Tsokos, M. & Stamenkovic, I. Matrix metalloproteinase-7-mediated cleavage of Fas ligand
protects tumor cells from chemotherapeutic drug cytotoxicity. Cancer Res. 61(2), 577-581 (2001).
31. Mehner, C. & Radisky, D. C. Triggering the landslide: The tumor-promotional effects of myofibroblasts. Exp. Cell Res. 319(11),
1657-1662 (2013).
32. Del Casar, J. M. et al. Comparative analysis and clinical value of the expression of metalloproteases and their inhibitors by intra-
tumor stromal fibroblasts and those at the invasive front of breast carcinomas. Breast Cancer Res. Treat. 116(1), 39-52 (2009).
33. Golubkov, V. S. et al. The Wnt/planar cell polarity protein-tyrosine kinase-7 (PTK?7) is a highly efficient proteolytic target of mem-
brane type-1 matrix metalloproteinase: Implications in cancer and embryogenesis. J. Biol. Chem. 285(46), 35740-35749 (2010).
34. Lamouille, S., Xu, J. & Derynck, R. Molecular mechanisms of epithelial-mesenchymal transition. Nat. Rev. Mol. Cell Biol. 15(3),
178-196 (2014).
35. Overall, C. M. Molecular determinants of metalloproteinase substrate specificity. Mol. Biotechnol. 22(1), 51-86 (2002).
36. Heo, D. S., Choi, H., Yeom, M. Y., Song, B.]. & Oh, S. J. Serum levels of matrix metalloproteinase-9 predict lymph node metastasis
in breast cancer patients. Oncol. Rep. 31(4), 1567-1572 (2014).
37. Wu, Z.S. et al. Prognostic significance of MMP-9 and TIMP-1 serum and tissue expression in breast cancer. Int. J. Cancer 122(9),
2050-2056 (2008).
38. Nicolini, A., Carpi, A. & Rossi, G. Cytokines in breast cancer. Cytokine Growth Factor Rev. 17(5), 325-337 (2006).
39. Hsing, C. H. et al. Upregulated IL-19 in breast cancer promotes tumor progression and affects clinical outcome. Clin. Cancer Res.
18(3), 713-725 (2012).
Scientific Reports |  (2024) 14:15117 | https://doi.org/10.1038/s41598-024-65821-8 nature portfolio



www.nature.com/scientificreports/

40. Hsing, C. H. et al. The distribution of interleukin-19 in healthy and neoplastic tissue. Cytokine 44(2), 221-228 (2008).

41. Huang, L. et al. Protein kinase Ce mediates polymeric fibronectin assembly on the surface of blood-borne rat breast Cancer cells
to promote pulmonary metastasis. J. Biol. Chem. 283(12), 76167627 (2008).

42. Generali, D. et al. Hypoxia-inducible factor-1a expression predicts a poor response to primary chemoendocrine therapy and
disease-free survival in primary human breast cancer. Clin. Cancer Res. 12(15), 4562-4568 (2006).

43. Chaudary, N. & Hill, R. P. Hypoxia and metastasis in breast cancer. Breast Dis. 26(1), 55-64 (2007).

44. Li, Y. M. et al. Upregulation of CXCR4 is essential for HER2-mediated tumor metastasis. Cancer Cell 6(5), 459-469 (2004).

45. Balkwill, E, Charles, K. A. & Mantovani, A. Smoldering and polarized inflammation in the initiation and promotion of malignant
disease. Cancer Cell 7(3), 211-217 (2005).

46. Liao, S. C. et al. IL-19 induced Th2 cytokines and was upregulated in asthma patients. J. Immunol. 173(11), 6712-6718 (2004).

47. Gallagher, G. et al. Cloning, expression and initial characterization of interleukin-19 (IL-19), a novel homolog of human interleu-
kin-10 (IL-10). Genes Immunity 1(7), 442-450 (2000).

48. Chiu, J. J., Sgagias, M. K. & Cowan, K. H. Interleukin 6 acts as a paracrine growth factor in human mammary carcinoma cell lines.
Clin. Cancer Res. 2(1), 215-221 (1996).

49. Asgeirsson, K. S., Olafsdéttir, K., Jénasson, J. G. & Ogmundsdottir, H. M. The effects of IL-6 on cell adhesion and e-cadherin
expression in breast cancer. Cytokine 10(9), 720-728 (1998).

50. Gray, P. ], Stevenson, M. A. & Calderwood, S. K. Targeting Cdc37 inhibits multiple signaling pathways and induces growth arrest
in prostate cancer cells. Cancer Res. 67(24), 11942-11950 (2007).

51. Gray, P. ], Prince, T., Cheng, J., Stevenson, M. A. & Calderwood, S. K. Targeting the oncogene and kinome chaperone CDC37.
Nat. Rev. Cancer 8(7), 491-495 (2008).

52. Gabai, V. L., Meriin, A. B, Yaglom, J. A., Volloch, V. Z. & Sherman, M. Y. Role of Hsp70 in regulation of stress-kinase JNK: Implica-
tions in apoptosis and aging. FEBS Lett. 438(1-2), 1-4 (1998).

53. Sherman, M., Gabai, V., O’Callaghan, C. & Yaglom, J. Molecular chaperones regulate p53 and suppress senescence programs. FEBS
Lett. 581(19), 3711-3715 (2007).

54. Dai, C., Whitesell, L., Rogers, A. B. & Lindquist, S. Heat shock factor 1 is a powerful multifaceted modifier of carcinogenesis. Cell
130(6), 1005-1018 (2007).

55. Khaleque, M. A. et al. Heat shock factor 1 represses estrogen-dependent transcription through association with MTA1. Oncogene
27(13), 1886-1893 (2008).

56. Joseph Pulianmackal, A. Investigating the Proliferation-Quiescence Decision in Tissues and in Cancer Cells (Doctoral dissertation)
(2022).

Acknowledgements
The authors are grateful to Mr. Awais Raoof, Chairperson BOG, University of Lahore, for supporting and pro-
viding financial assistance for the current project. The authors are also grateful to staff members of Lab-313.

Author contributions

Samina Malik performed the study, interpreted the data and prepared the initial draft of the manuscript. Sulay-
man Wagar assisted in the data interpretation and edited the draft. Arif Malik conceptualized and supervised the
study and contributed to the final refinement of the manuscript. Nimra Idrees reviewed the paper, specifically
focusing on language editing, which involved proofreading for grammar, spelling and clarity. The combined
efforts of these authors were crucial in completing the research project and preparing it for publication.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to A.M.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |

(2024) 14:15117 | https://doi.org/10.1038/s41598-024-65821-8 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Impending role of inflammatory markers and their specificity and sensitivity in breast cancer patients
	Materials and methods
	Study design
	Setting
	Inclusion criteria
	Exclusion criteria
	Biochemical analysis
	Determination of MMPS, ILs, HSPz, TNF-α, iNOS, and vitamin D
	Estimation of superoxide dismutase (SOD)
	Determination of glutathione (GSH)
	Determination of malondialdehyde (MDA)
	Determination of catalase (CAT)
	Estimation of nitric oxide (NO)
	Determination of vitamin A
	Determination of vitamin C

	Statistical analysis

	Results
	Discussion
	Conclusion
	References
	Acknowledgements


