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Pesticides are compounds known to cause immunetoxicity in exposed individuals, which have a potential to substantially modify the prognosis of pathologies dependent on an efficient immune response, such as breast cancer. In this context, we examined the circulating cytokine profile of Th1/Th2/Th17 patterns in women occupationally exposed to pesticides and their correlation with worse prognostic outcomes. Peripheral blood samples were collected from 187 rural working women with breast cancer, occupationally exposed or not to pesticides, to quantify the levels of cytokines IL-1β, IL-12, IL-4, IL-17-A, and TNF -α. Data on the disease profile and clinical outcomes were collected through medical follow-up. IL-12 was reduced in exposed women with tumors larger than 2 cm and in those with lymph node metastases. Significantly reduced levels of IL-17A were observed in exposed patients with Luminal B subtype tumors, with high ki67 proliferation rates, high histological grade, and positive for the progesterone receptor. Reduced IL-4 was also seen in exposed women with lymph node invasion. Our data show that occupational exposure to pesticides induces significant changes in the levels of cytokines necessary for tumor control and correlates with poor prognosis clinical outcomes in breast cancer.
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Introduction

Breast cancer is a multifactorial disease whose origin is influenced by genetic and environmental risk factors. In recent years, growing evidence has been accumulated regarding pesticide exposure’s impact on cancer risk (1–6), and mechanisms include oxidative stress generation, hormonal disbalance, epigenetic changes, and immunological deregulation, among others (7–10).

The immune response is a critical factor in avoiding breast cancer development. Due to the sustained carcinogenic challenges faced by the human body, cancerous or precancerous cells arise lifelong, and most of them are eliminated by a healthy immune system. However, some cells can escape immunosurveillance and origin cancer mainly due to immune failure during its elimination (11).

After tumor establishment, immune responses can also act by favoring its progression (12). In this context, cytokines play a pivotal role by affecting tumor-promoting processes such as growth, invasion, and metastatic capacity (13, 14), determining disease prognosis. Because of this dual role, it is unclear when or why the immune response will work in favor of or against breast cancer. Thus, the exposure of patients carrying breast tumors to pro-carcinogenic factors such as pesticides must negatively affect their immune response and disease evolution.

In vitro data have evidenced that pesticide exposure favors malign breast cancer cells’ capabilities as migration, angiogenesis (15) and proliferation (16), which are biological features linked to highly aggressive breast tumors in humans. Also, in vitro data has pointed out the immunogenotoxicity of pesticides (16–19). However, little is known regarding the relationship between pesticide exposure, breast cancer behavior and immune response. In the same way, evidence concerning pesticide-induced immune deregulation in breast cancer patients has been recently pointed out, but they are preliminary and allow limited conclusions. It has been reported that rural women occupationally exposed to pesticides have reduced circulating levels of the antitumor cytokines TNF-α and IL-1β (20). In addition, a recent study demonstrated that a specific set of immune response components are affected by occupational exposure to pesticides in breast cancer patients, including tumor CTLA-4 overexpression and systemic IL-12 decrease, specifically in those under intermediate disease risk and recurrence (21).

Considering that breast cancer is a disease with systemic immunological implications (22), such findings suggest that expanding this investigation to more cytokines and other clinicopathological parameters could help establish a systemic cytokine signature linked to disease aggressiveness in women chronically exposed to pesticide mixtures and correlate it to specific prognosis features. To reach this goal, this study characterized the Th1/Th2/Th17 circulating profiles and investigated their relationship to clinicopathological features that are determinants of poor disease prognosis.





Materials and methods




Study design

The Institutional Ethics Committee approved this study under CAAE 35524814.4.0000.0107, opinion number 810.501. Only patients who signed the informed consent were included. After screening 422 women, a total of 187 were included. Women attended at the Francisco Beltrão Cancer Hospital – Paraná, Brazil, between 2015 and 2021, from 27 municipalities included in the 8th Health Regional of Paraná, were evaluated. A data collection instrument validated for this population was used to obtain the occupational exposure profile to pesticides (23). The exposure criteria were based on women’s continuous, unprotected, and direct handling of pesticides. Rural women with a history of direct handling of pesticides without wearing protective gloves during the preparation and dilution of the concentrated pesticide solution, or that spray pesticide, and/or were responsible for decontaminating personal protective equipment (PPE), and/or washing of clothes used during spraying, and that reported living at least 50% of their lives under direct pesticide handling at least twice a week during all weeks of the year were classified as occupationally exposed. The unexposed group consisted of urban female workers with no previous or current history of occupational exposure to pesticides (24).

The clinicopathological profile was categorized by collecting data from medical records. The following prognostic information was evaluated, based on the National Comprehensive Cancer Network (NCCN) guidelines (25) and the Saint Gallen Consensus (26): estrogen receptor (ER) and progesterone (PR) expression, human epidermal growth factor receptor 2 (HER2) overexpression, ki67 proliferation index, breast cancer molecular subtype, histological grade, presence of intratumoral emboli, presence of metastases in axillary lymph nodes, presence of distant metastasis, age at diagnosis, menopausal status at diagnosis, body mass index (BMI), the occurrence of recurrence and survival profile in the period studied.





Sample collection and Th1/Th2/Th17 cytokine profiling

Samples of heparinized peripheral blood were collected and centrifuged for 5 minutes at 4.000 rpm to obtain plasma, which was frozen until the analysis.

To quantify the plasma levels of cytokines, interleukin 1 β (IL-1β), interleukin 12 (IL-12), and tumor necrosis factor-alpha (TNF-α) were measured for the Th1 profile of the patients; interleukin 4 (IL-4) for the Th2 profile and interleukin 17 A (IL-17-A) for the Th17 profile. Enzyme-linked immunoassay commercial kits were used (e-Biosciences®, USA). Plasma aliquots were incubated on a plate containing a capture antibody specific for each cytokine, followed by successive washes and incubation with streptavidin-labeled secondary antibody. A specific substrate was added for reaction detection, and the plate read at 642 nm. Results were calculated in pg/ml from standard curve data for each cytokine. The detection limit of the kits was 2 pg/mL.





Statistical analysis

The statistical study was conducted to assess whether there are differences between the immunological profile of cytokines in cancer patients occupationally exposed and not occupationally exposed to pesticides under different clinicopathological parameters. The sample was also characterized concerning the clinicopathological aspects of the patients, comparing the women exposed and those not occupationally exposed to pesticides.

The frequencies of the categories of each clinicopathological variable were compared for patients belonging to both groups using the chi-square test for adherence. In addition, this same test was used to compare groups according to the categories of each variable. Tests were performed with 5% statistical significance.

The Chi-square test for independence was also performed for each variable to analyze the association between categories and groups. In injury situations with the assumption of a minimum expected frequency of 5, the Monte Carlo method was used as an association test, also with a 5% significance level. The purpose of this test is the same as the Chi-square test for independence. However, it is statistically more robust when the assumptions are not verified. Data analyzes were performed using the R software (27).

For cytokine level analyses, GraphPad Prism version 9.0 was used. Data distribution was tested by using the Shapiro-Wilk test. Variables normally distributed were analyzed with parametric tests, and nonparametric tests were used to analyze the nonparametric ones (Student’s t-test or the Mann-Whitney test, respectively). Data are presented as box-plot and described in results as means (parametric data) or medians (nonparametric data). For all analyses, a p ≤ 0.05 was considered significant. P values are shown in Table 1 as follows: p-value1 of the chi-square test for adherence comparing the categories of each variable for patients not exposed to pesticides; p-value2 of the chi-square test for adherence comparing the categories of each variable for patients exposed to pesticides; p-value3 of the Chi-square test for adherence comparing the groups according to the categories of each variable. A multivariate analysis, based on the principal component analysis (PCA) was conducted concerning cytokines and pesticide exposure. Only data with a p-value < 0.05 were showed as Figures.


Table 1 | Frequency (n) and percentage (%) of clinicopathological data (discrete variables) considering exposure to pesticides.








Results

We included 187 women in the study (111 occupationally exposed to pesticides and 71 non-exposed). As shown in Table 1, estrogen receptor was positive in about 65% of cases in the unexposed group, while HER2 expression was negative in 78.87% of women in this group. The ki67 was over or equal to 14% for most cases (52.11%). The most frequent molecular subtypes were Luminal A (29.58%) and Luminal B (30.99%). Tumor size was greater than 20 mm (47.89%), with the prevalence of intratumoral emboli (66.20%). No lymph node was affected in 60.56% of the women; distant metastasis was found in 8.45%. In most cases, women were in menopause (66.20%) and overweight/obese (56.34%). Most of the patients were responsible for the first-line treatment (cytotoxic chemotherapy, 63.38%) without disease recurrence (83.10%) or death (90.14%). There was no statistical difference between the categories of variables PR, tumor aggressiveness according to its molecular subtype (more aggressive = triple-negative vs. less aggressive = Luminal), and histological grade.

Concerning women exposed to pesticides, it was found that the ER was positive in about 62% of the cases, and the amplification of HER2 was negative in 78.38% of the women in this group. The most common molecular subtypes were Luminal A (34.23%) and triple-negative (29.58%). Tumor size was greater than 20 mm (53.15%), with histological grade 2 (45.05%) and absence of intratumoral emboli (54.05%). No lymph node invasion was found in 53.15% of the women, and distant metastasis was found in 10.81%. In most patients in this group, women were in menopause (65.77%) and overweight/obese (61.26%). Most were responsible for the first-line treatment (63.06%) without recurrence (86.49%) or death (94.59%) in most patients. There was no statistical difference between the categories of variables PR, ki67>14%, and tumor aggressiveness.

In exposed patients, higher lymph nodal invasion was identified (34.23%) compared to non-exposed women (23.94%) (p-value 3 <0.0001; Table 1). We also found higher BMI in this group, indicating overweight or obesity (p-value 3 = 0.0001; Table 1).

Figure 1 shows the significant changes observed concerning cytokines from the Th1 axis. Reduced IL-12 was observed in exposed patients carrying tumors lower than 2 cm (Figure 1A, range: 12.70-147.1 pg/mL to unexposed and 9.29-182.8 pg/mL to the exposed ones, p = 0.051). Patients with lymph nodal invasion presented a reduced IL-1β (Figure 1B, range: 48.80-141.2 pg/mL to unexposed and 12.70-111.2 pg/mL to the exposed ones, p = 0.0105). Regarding IL-4 levels, a significant reduction was observed in the group of exposed women with lymph nodal invasion (Figure 1C, range:13.07-117.1 pg/mL to unexposed and 12.00-63.01 pg/mL to the exposed ones, p = 0.0414).




Figure 1 | Significant variants in the systemic Thl profile of women with breast cancer occupationally exposed or not to pesticides. The Thl profile was determined through plasma levels of interleukin 12 (IL-12), interleukin 1β (IL-1β,) and tumor necrosis factor alpha (TNF-α). Levels detected in the exposed and non-exposed groups according to the following clinicopathological variables: (A) – Tumorsize under 2 cm for IL-12, (B) – presence of lymph node metastasis for IL-1β and (C) – Lymphnodal metastasis for IL-4. Data are shown as a box-plot of minimum, maximum and median variations. + represents the mean of each group. The p values are shown in the graphs, p<0.05 was considered significant.



Main variations were observed in the Th17 axis, represented here by IL-17-A (Figure 2). A significant decrease in circulating levels of this cytokine was observed in patients occupationally exposed to pesticides, when compared to those not exposed, in the following conditions: carriers of luminal molecular subtype B tumors (Figure 2A, range: 36.36-222.7 pg/dL to the unexposed and 13.52-133.7 pg/dL to the exposed ones, p = 0.0176), with high proliferation tumors (ki67 >14%, Figure 2B, range: 12.12-291.1 pg/mL to the unexposed and 13.52-173.00 pg/mL to the exposed ones, p = 0.0493), with high histological grade tumors (Figure 2C, range: 60.80-222.70 pg/mL to the unexposed and 15.02-52.88 pg/mL to the exposed ones, p = 0.0159) and in those with progesterone receptor-positive tumors (Figure 2D, range: 12.12-221.70 pg/mL to the unexposed and 13.52-133.7 pg/mL to the exposed ones, p = 0.0263). A significant increase in IL-17-A was observed in eutrophic patients exposed to pesticides compared to those not exposed (Figure 2E, range: 12.12-106.7 pg/mL to the unexposed and 42.52-204.1 pg/mL to the exposed ones, p = 0.0119).




Figure 2 | Significant variations in the systemic Thl7 profile of women with breast cancer occupationally exposed or not pesticides. The Thl7 profile was determined by measuring plasma interleukin 17 A (IL-17A). Levels detected in the exposed and non-exposed groups according to the following clinicopathological variables: (A) – Luminal molecular subtype B, (B) – ki67 proliferation index, (C) – tumor histological grade, (D) – Presence of progesterone receptors and (E) – Eutrophic patients. Data are shown as a box-plot of minimum, maximum and median variations. + represents the mean of each group. The p values are shown in the graphs, p<0.05 was considered significant.



Spearman’s correlation analysis (Figure 3A) performed in the exposed patients’ group showed that PR positively correlated to IL-1β levels (R = 0.4481 for percent expression and 0.3373 for the presence of PR, p<0.05). For IL-4, positive correlations were found between its levels and disease aggressiveness (R = 0.2613, p<0.05), as well as the presence of intratumoral emboli (R =0.2678, p<0.05). TNF-α levels positively correlated to tumor size (R = 0.2624, p<0.05) and negatively to lymph nodal invasion (R = -0.2633, p<0.05). For IL-17-A, a negative correlation was found concerning BMI categorization (R = - 0.3276, p< 0.05). No significant correlations were observed regarding IL-12.




Figure 3 | Correlaion analysis of clinicopathological data according to systemic levels of cytokines of exposed breast cancer patients. In A, the heatmap of Spearman's R values. Red squares indicate positive correlations. Blue squares indicate the negative ones. As intense the color as stronger the correlation (range from 0 = no correlation to 1 = total correlation). *p<0.05. In B, the principal component analysis. ER, estrogen receptors; PR, Progesterone receptors; HER2, amplification to the receptor of the human epidermal growth factor 2; LN, lymphnodal; Mx, metastasis.



Figure 3B shows the results from PCA analysis among cytokine levels and pesticide exposure. The principal component 1 (PC1) strongly correlated positively to IL-1β and TNF-α (loadings 0.836 and 0.779, respectively), while the principal component 2 (PC2) strongly correlated positively to pesticide exposure and IL-17-A (loadings 0.654 and 0.786, respectively).





Discussion

Immune response polarization is crucial to determine the outcome of diseases whose prognosis depends on this, such as breast cancer. In this study, we demonstrated that chronic and continued exposure to pesticides significantly and simultaneously affects the levels of circulating Th1/Th2/Th17 cytokines in association with clinicopathological characteristics of worse prognosis.

Pesticides are immunotoxic by multiple mechanisms, interfering with innate and adaptative responses that are crucial against cancer (8), and it is suggested that the chronic antigenic stimulus due to continuous pesticide exposure can induce immune exhaustion (10). In this context, the imbalance in the production of cytokines enrolled in carcinogenesis is described (28).

The immune response against cancer has as its central mechanism a network of cytokines, whose production and signalling work in a homeostatic way within the T helper polarization patterns to effectively combat tumours (29, 30). The Th1 response, represented in our work by the circulating levels of IL-1β, IL-12, and TNF-α, was negatively affected by pesticide exposure, resulting in more aggressive clinicopathological conditions. For example, we observed depletion of IL-12, a main tumor-fighting cytokine. Specifically, women with tumors smaller than 2 cm exposed to pesticides had lower circulating levels of IL-12 compared to non-exposed women. This cytokine has potent antineoplastic activity by inducing a Th1-type response and tumor rejection (31), correlated with increased survival (32). Failure to produce it, even at a stage where the tumor represents a small mass, can influence the development of large tumor masses in the long term, potentially resulting in aggressive tumor behaviours such as the occurrence of metastases observed in such exposed patients (33).

In the present study, we observed that IL-1β levels were reduced in patients with lymph node metastasis, reinforcing the immune dysfunction reported in breast cancer patients exposed to pesticides reported by others (34–36). Th1-mediated immunity is known for its antitumor activity and is associated with longer life expectancy, unlike patients with tumors associated with Th2 subpopulation markers, with a more unfavorable prognosis (37). Thus, the pesticide-driven reduction of Th1 cytokines observed here may represent a substantial impairment for the immune responses against breast cancer.

Some mechanisms are pointed out concerning how pesticide exposure can affect Th1 cytokines. Our study population is under chronic handling of a mix of glyphosate, atrazine, and 2,4D pesticides. Atrazine, for example, changes the secretome pattern of immunoregulatory compartments as the mesenchymal stromal stem cells, attenuating Th1-related molecule production (38). A study (39) investigating the in vitro impact of this mixture at low concentrations demonstrated significant disturbances in macrophage polarization in association with a decrease in pro-inflammatory cytokine secretion. Healthy greenhouse workers occupationally exposed to pesticides exhibit significant reduction of circulating pro-inflammatory cytokines such as IL-2, IL-8, IL-12p70 and IFN-γ (35), and the same depletion pattern has been reported for exposed macrophages (40). These data support the idea that pesticides may have a direct deleterious effect on immune cells, which could explain our findings concerning Th1 cytokines depletion in poor prognosis patients. Human data in this context is scarce, which highlights the relevance of the present investigation.

We further demonstrated that pesticide exposure substantially modified the circulating levels of IL-17-A, a Th17 cytokine. The responses modulated by this axis involve innate and adaptive immunity inflammatory processes, affecting the production of other cytokines that modulate breast cancer progression (41). We observed a significant reduction in IL-17-A levels in patients occupationally exposed to pesticides compared to the non-exposed group under several conditions that determine a worse prognosis, such as in patients with proliferative and high-grade tumors. No data was found in literature about IL-17A deregulation in the context of pesticide exposure and breast cancer. In non-cancer conditions, IL-17A levels do not vary in workers exposed to pesticides (42), but in vitro and in vivo studies show that IL-17-A is related to cancer mechanisms (41, 43, 44). Distinct pesticides seem to act by different mechanisms on Th17 axis. For example, paraquat enriches the gene expression for IL17 signalling in human cells (45). Murine exposure to glyphosate leads to IL-17A reduction in peripheral blood at low doses and has been linked to immune deregulation across generations (46).

Pesticide exposure also augmented IL-17A in eutrophic breast cancer patients. Despite obesity dysregulates IL17-A production (47), and no data was found concerning its meaning in eutrophic patients, these findings support that pesticide exposure induce significant immunological changes in breast cancer patients, which vary according to the clinicopathological status of patients.

Our findings suggest that the combination of both pesticide exposure and breast cancer depletes this cytokine systemically in exposed women. PCA analysis reinforced the strong correlation between this cytokine and pesticide exposure. No data was found regarding atrazine or 2,4D exposures, and there is no information concerning IL-17A changes in the context of breast cancer and pesticide exposure.

Our study has limitations, including the need for measuring other cytokines, the single-point analysis instead of multiple collection points, and the modest sample size. Despite this, we believe that the main novelty and contribution relies on the fact that this is the first study to point out systemic changes in cytokine profiles induced by human exposure to pesticides in the context of breast cancer. Although the specific mechanisms by which pesticides induce such changes in breast cancer patients are unclear, our data reinforce pesticide exposures as potential immunological disruptors of cytokines produced in the immune response against breast cancer, especially in clinical conditions linked to worse prognoses.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by State University of West Paraná Ethics Committee. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

SG: Data curation, Investigation, Writing – original draft. JS: Formal Analysis, Investigation, Writing – original draft. HJ: Data curation, Formal Analysis, Writing – original draft. MD: Data curation, Writing – original draft. MF: Data curation, Methodology, Writing – original draft. DR: Data curation, Investigation, Supervision, Writing – original draft. MS: Investigation, Resources, Writing – original draft. RS: Methodology, Writing – original draft. CP: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. DB: Supervision, Writing – original draft.





Funding

This work was supported in part by the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior - Brasil (CAPES), Fundação Araucária, Programa de Pesquisa Para o SUS – PPSUS, Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq, Edital Universal). The authors are grateful for all Lab and Hospital personnel, funding agencies and patients. Carolina Panis was supported by CNPq Grants 402364/2021-0 and 305335/2021-9.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Hofmann, JN, Beane Freeman, LE, Murata, K, et al. Lifetime pesticide use and monoclonal gammopathy of undetermined significance in a prospective cohort of male farmers. Environ Health Perspect (2021) 129(1):17003. doi: 10.1289/EHP6960

2. Lerro, CC, Beane, LEF, and DellaValle, CT. Pesticide exposure and incident thyroid cancer among male pesticide applicators in agricultural health study. Environ Int (2021) 146:106187. doi: 10.1016/j.envint.2020.106187

3. Werder, EJ, Engel, LS, Satagopan, J, et al. Herbicide, fumigant, and fungicide use and breast cancer risk among farmers' wives. Environ Epidemiol (2020) 4(3):e097.

4. Engel, LS, Werder, E, Satagopan, J, et al. Insecticide use and breast cancer risk among farmers' Wives in the agricultural health study. Environ Health Perspect (2017) 125(9):097002. doi: 10.1289/EHP1295

5. Bonner, MR, Freeman, LEB, Hoppin, JA, et al. Occupational exposure to pesticides and the incidence of lung cancer in the agricultural health study. (2017) 125(4):544–51. doi: 10.1289/EHP456

6. Panis, C, Candiotto, LZP, Gaboardi, SC, et al. Widespread pesticide contamination of drinking water and impact on cancer risk in Brazil. (2022) 165:107321. doi: 10.1016/j.envint.2022.107321

7. Ataei, M, and Abdollahi, M. A systematic review of mechanistic studies on the relationship between pesticide exposure and cancer induction. Toxicol Appl Pharmacol (2022) 456:116280. doi: 10.1016/j.taap.2022.116280

8. Cestonaro, LV, Macedo, SMD, Piton, YV, Garcia, SC, and Arbo, MD. Toxic effects of pesticides on cellular and humoral immunity: an overview. Immunopharmacol Immunotoxicol (2022) 44(6):816–31. doi: 10.1080/08923973.2022.2096466

9. Nicolella, HD, and de Assis, S. Epigenetic inheritance: intergenerational effects of pesticides and other endocrine disruptors on cancer development. Int J Mol Sci (2022) 23(9):4671. doi: 10.3390/ijms23094671

10. Jacobsen-Pereira, CH, Cardoso, CC, Gehlen, TC, Regina Dos Santos, C, and Santos-Silva, MC. Immune response of Brazilian farmers exposed to multiple pesticides. Ecotoxicol Environ Saf (2020) 202:110912. doi: 10.1016/j.ecoenv.2020.110912

11. Swann, JB, and Smyth, MJ. Immune surveillance of tumors. J Clin Invest (2007) 117(5):1137–46. doi: 10.1172/JCI31405

12. Tommasi, C, Pellegrino, B, Diana, A, et al. The innate immune microenvironment in metastatic breast cancer. J Clin Med (2022) 11(20):5986. doi: 10.3390/jcm11205986

13. Yang, Y, Hou, J, Liu, J, Bhushan, S, and Wu, G. The origins of resident macrophages in mammary gland influence the tumorigenesis of breast cancer. Int Immunopharmacol (2022) 110:109047. doi: 10.1016/j.intimp.2022.109047

14. Arici, M, Abudayyak, M, Boran, T, et al. Does pendimethalin develop in pancreatic cancer induced inflammation? (2020) 252:126644. doi: 10.1016/j.chemosphere.2020.126644

15. Go, RE, Lee, HK, Kim, CW, et al. A fungicide, fenhexamid, is involved in the migration and angiogenesis in breast cancer cells expressing estrogen receptors. Life Sci (2022) 305:120754. doi: 10.1016/j.lfs.2022.120754

16. Lu, YS, Yang, SL, Gou, CL, et al. Integrated metabolomics and transcriptomics analysis reveals new biomarkers and mechanistic insights on atrazine exposures in MCF−7 cells. Ecotoxicol Environ Saf (2022) 232:113244. doi: 10.1016/j.ecoenv.2022.113244

17. Maddalon, A, Masi, M, Iulini, M, Linciano, P, Galbiati, V, Marinovich, M, et al. Effects of endocrine active contaminating pesticides on RACK1 expression and immunological consequences in THP 1 cells. Environ Toxicol Pharmacol (2022) 95:103971. doi: 10.1016/j.etap.2022.103971

18. Ma, Y, Li, S, Ye, S, Hu, D, Luo, S, Wei, L, et al. Effect of propiconazole on neutrophil extracellular traps formation: Assessing the role of autophagy. Food Chem Toxicol (2022) 168:113354. doi: 10.1016/j.fct.2022.113354

19. Maddalon, A, Iulini, M, Galbiati, V, Colosio, C, Mandić-Rajčević, S, and Corsini, E. Direct effects of glyphosate on in vitro T helper cell differentiation and cytokine production. Front Immunol (2022) 13:854837. doi: 10.3389/fimmu.2022.854837

20. Pizzatti, L, Kawassaki, ACB, Fadel, B, et al. Toxicoproteomics disclose pesticides as downregulators of TNF-α, IL-1β and estrogen receptor pathways in breast cancer women chronically exposed. (2020) 10:. doi: 10.3389/fonc.2020.01698

21. Silva, JC, Scandolara, TB, Kern, R, et al. Occupational exposure to pesticides affects pivotal immunologic anti-tumor responses in breast cancer women from the intermediate risk of recurrence and death. Cancers (Basel) (2022) 14(21):5199. doi: 10.3390/cancers14215199

22. Kawaguchi, K, Maeshima, Y, and Toi, M. Tumor immune microenvironment and systemic response in breast cancer. Med Oncol (2022) 39(12):208. doi: 10.1007/s12032-022-01782-0

23. Panis, C, Gaboardi, SC, Kawassaki, ACB, Dias, ECM, Teixeira, GT, Silva, DRP, et al. Characterization of occupational exposure to pesticides and its impact on the health of rural women. Rev Ciênc Farm Básica Apl (2022) 43:e748. doi: 10.4322/2179-443X.0748

24. Da Silva, RG, Ferreira, MO, Komori, IM, Oliveira, HR, MaChado, MG, Orrutea, JF, et al. Brief research report: pesticide occupational exposure leads to significant inflammatory changes in normal mammary breast tissue. Front Public Health (2023) 11:1229422. doi: 10.3389/fpubh.2023.1229422

25. Gradishar, WJ, Moran, MS, Abraham, J, Aft, R, Agnese, D, Allison, KH, et al. Breast cancer, version 3.2022, NCCN clinical practice guidelines in oncology. J Natl Compr Canc Netw (2022) 20(6):691–722. doi: 10.6004/jnccn.2022.0030

26. Burstein, HJ, Curigliano, G, Thürlimann, B, Weber, WP, Poortmans, P, Regan, MM, et al. Panelists of the St Gallen Consensus Conference. Customizing local and systemic therapies for women with early breast cancer: the St. Gallen International Consensus Guidelines for treatment of early breast cancer 2021. Ann Oncol (2021) 32(10):1216–35. doi: 10.1016/j.annonc.2021.06.023

27. Core Team, R. R: A language and environment for statistical computing . Vienna: R Foundation for Statistical Computing. Available at: https://www.R-project.org (Accessed February 10, 2022). The wrap-up release of the R-4.1.x series was 4.1.3.

28. Standish, LJ, Sweet, ES, Novack, J, et al. Breast cancer and the immune system. J Soc Integr Oncol (2008) 6(4):158–68.

29. Dhouib, I, Jallouli, M, Annabi, A, et al. From immunotoxicity to carcinogenicity: the effects of carbamate pesticides on the immune system. Environ Sci pollut Res Int (2016) 23(10):9448–58.

30. Girard, L, Reix, N, and Mathelin, C. Impact des pesticides perturbateurs endocriniens sur le cancer du sein [Impact of endocrine disrupting pesticides on breast cancer]. Gynecol Obstet Fertil Senol (2020) 48(2):187–95.

31. Colombo, MP, and Trinchieri, G. Interleukin-12 in anti-tumor immunity and immunotherapy. Cytokine Growth Factor Rev (2002) 13(2):155–68.

32. Guida, M, Casamassima, A, Monticelli, G, et al. Basal cytokines profile in metastatic renal cell carcinoma patients treated with subcutaneous IL-2-based therapy compared with that of healthy donors. J Transl Med (2007) 22:5–51. doi: 10.1186/1479-5876-5-51

33. Mirlekar, B, and Pylayeva-Gupta, Y. IL-12 family cytokines in cancer and immunotherapy. Cancers (Basel) (2021) 13(2):167. doi: 10.3390/cancers13020167

34. Calaf, GM. Role of organophosphorous pesticides and acetylcholine in breast carcinogenesis. (2021) 76:206–17. doi: 10.1016/j.semcancer.2021.03.016

35. Costa, C, Rapisarda, V, Catania, S, et al. Cytokine patterns in greenhouse workers occupationally exposed to α-cypermethrin: An observational study. Environ Toxicol Pharmacol (2013) 36(3):796–800. doi: 10.1016/j.etap.2013.07.004

36. Volker, D, Wolfgang, H, Klausdieter, B, et al. Associations of dichlorodiphenyltrichloroethane (DDT) 4.4 and dichlorodiphenyldichloroethylene (DDE) 4.4 blood levels with plasma IL-4. (2010) 57(6):541–7.

37. Ruffell, B, DeNardo, DG, Affara, NI, et al. Lymphocytes in cancer development: polarization towards pro-tumor immunity. Cytokine Growth Factor Rev (2010) 21(1):3–10. doi: 10.1016/j.cytogfr.2009.11.002

38. Uwazie, CC, Pirlot, BM, Faircloth, TU, Patel, M, Parr, RN, Zastre, HM, et al. Effects of Atrazine exposure on human bone marrow-derived mesenchymal stromal cells assessed by combinatorial assay matrix. Front Immunol (2023) 14:1214098. doi: 10.3389/fimmu.2023.1214098

39. Almeida Roque, A, Filipak Neto, F, Cosio, C, Barjhoux, I, Oliveira Ribeiro, CA, and Rioult, D. Immunotoxicity of relevant mixtures of pesticides and metabolites on THP-1 cells. Toxicology (2023) 493:153557. doi: 10.1016/j.tox.2023.153557

40. Skolarczyk, J, Pekar, J, and Nieradko-Iwanicka, B. Immune disorders induced by exposure to pyrethroid insecticides. Postepy Hig Med Dosw (Online) (2017) 71(0):446–53. doi: 10.5604/01.3001.0010.3827

41. Karpisheh, V, Ahmadi, M, Abbaszadeh-Goudarzk, K, et al. The role of Th17 cells in the pathogenesis and treatment of breast cancer. (2022) 22:108. doi: 10.1186/s12935-022-02528-8

42. Fenga, C, Gangemi, S, Catania, S, et al. IL-17 and IL-22 serum levels in greenhouse workers exposed to pesticides. Inflamm (2014) 63:895–7. doi: 10.1007/s00011-014-0769-6

43. He, TT, Zuo, AJ, Wang, JG, et al. Organochlorine pesticides accumulation and breast cancer: A hospital-based case-control study. Tumour Biol (2017) 39(5):1010428317699114. doi: 10.1177/1010428317699114

44. Ye, J, Livergood, RS, and Peng, G. The role and regulation of human Th17 cells in tumor immunity. Am J Pathol (2013) 182(1):10–20. doi: 10.1016/j.ajpath.2012.08.041

45. Miao, C, and Fan, D. Identification of differentially expressed genes and pathways in diquat and paraquat poisoning using bioinformatics analysis. Toxicol Mech Methods (2022) 32(9):678–85. doi: 10.1080/15376516.2022.2063095

46. Buchenauer, L, Junge, KM, Haange, SB, Simon, JC, von Bergen, M, Hoh, AL, et al. Glyphosate differentially affects the allergic immune response across generations in mice. Sci Total Environ (2022) 850:157973. doi: 10.1016/j.scitotenv.2022

47. Zhang, X, Gao, L, Meng, H, Zhang, A, Liang, Y, and Lu, J. Obesity alters immunopathology in cancers and inflammatory diseases. Obes Rev (2023). doi: 10.1111/obr.13638




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Santos, da Silva, Jaques, Dalla Vecchia, Ferreira, Rech, Sierota da Silva, Santos, Panis and Benvegnú. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-14-1281056-g003.jpg
0.4

0.2

Chemoresistance’

Reccurrence’

Death

IL-1p  IL-12  IL4 TNF-a IL-17A

PC2

-0.5

IL-17A

Pesticide exposure

0.0
PC1

0.5

1.0





OEBPS/Images/fimmu.2023.1281056_cover.jpg
& frontiers | Frontiers in Immunology

Occupational exposure to pesticides
dysregulates systemic Th1/Th2/Th17
cytokines and correlates with poor clinical
outcomes in breast cancer patients





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Occupational exposure to pesticides dysregulates systemic Th1/Th2/Th17 cytokines and correlates with poor clinical outcomes in breast cancer patients

      

        		

          Introduction

        



        		

          Materials and methods

        

          		

            Study design

          



          		

            Sample collection and Th1/Th2/Th17 cytokine profiling

          



          		

            Statistical analysis

          



        



        



        		

          Results

        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-14-1281056-g001.jpg
1L-12 (pgimlL)

200

150

100

50

Tumor size <2cm

1L pginL.

150

100

50

Lymphnodel metastasis

—
=0.0105
=
i
Unexposed Exposed

-4

pg/mL.

150

100

50

Lymphnodal metastasis

p=0.0202

Unexposed Exposed





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-14-1281056-g002.jpg
IL-17-A pgimL.

50

Molecular Subtype - Luminal B

.+.
Unexposed Exposed
D

IL-17-A pg/mL

ki67 index >14%

Unexposed

Progesterone receptors expression

»
x
2

»
S
g

>
3

3
8

IL-17-A pgimL.

o
g

IL-17-A pgimL.

Unexposed

(o] High histological grade
250 =
200
% 150
2
<
= 100 +
= & p=0.0159
0 T T
Exposed Unexposed Exposed
BMI - eutrophic
250 —_—
200 PR
150
100 = +
50 + 1
—L
o - -

Unexposed Exposed





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/table1.jpg
Not exposed Exposed

Variable % p-value; p-value, p-values
Negative 19.72 2252 0,0127
Estrogen receptors Positive 64.79 <0.0001 62.16 <0.0001 0,0024
NA 15.49 1532
Negative 42.25 41.44 0,0094
Progesterone receptors Positive 43.66 0.8563 42.34 0.8834 0,0104
NA 14.08 16.22
Negative 78.87 78.38 0,0002
ex:'):{sfon Positive 7.04 <0.0001 541 <0.0001 0,6698
NA 14.08 16.22
14 33.80 37.84 0,0017
Ki67% 14 52.11 0.0186 46.85 0.1447 0,0245
NA 14.08 1532
Less aggressive 36.62 40.54 0,0014
Tumor aggressiveness More aggressive 49.30 0.1032 43.24 0.6600 0,0436
NA 14.08 16.22
Luminal A 29.58 3423 0,0017
Luminal B 30.99 6.31 0,1617
Molecular subtypes HER2 18.31 0.0009 16.22 <0.0001 0,4142
Triple-negative 14.08 29.58 0,1336
NA 34.23 3099
20 3239 3243 0,0167
Tumor size (mm) 20 47.89 0.0394 53.15 0.0008 0,0002
NA 19.72 1441
1 26.76 2342 0,1400
2 36.62 45.05 <0,0001
Histological grade 0.1433 <0.0001
3 22.54 15.32 0,8055
NA 14.08 16.22
No 66.20 54.05 0,0755
Intratumoral emboli Yes 19.72 <0.0001 29.73 <0.0001 <0,0001
NA 14.08 16.22
None acometed 60.56 53.15 0,0251
Lymph nodal metastasis At least one acometed 23.94 <0.0001 3423 0.0026 <0,0001
NA 15.49 12.61
No 76.06 76.58 0,0002
Distant metastasis Yes 8.45 <0.0001 10.81 <0.0001 0,0455
‘ NA 15.49 12.61
Early 40.85 35.14 0,2195
Diagnosis 0.0291 <0.0001
Late 59.15 64.86 <0,0001
‘ No 32.39 i 30.63 0,0008
Menopause at diagnosis Yes 66.20 <0.0001 65.77 <0.0001 0,0394
NA 141 3.60
Eutrophic 38.03 3243 0,1088
Trophic-adipose status Overweight/Obese 56.34 0.0247 61.26 <0.0001 0,0001
NA 5.63 6.31
No 63.38 63.06 0,0010
Chemoresistance Yes 19.72 <0.0001 19.82 <0.0001 0,0593
NA 16.90 17.12
No 83.10 86.49 <0,0001
Recurrence Yes 12.68 <0.0001 11.71 <0.0001 0,2278
NA 423 1.80
No 90.14 94.59 <0,0001
Death <0.0001 <0.0001
Yes 9.86 541 0,6949

NA, data not available. The frequency of the NA category was not considered in the statistical analyses. Values in bold indicate that there was a statistical difference between the categories of the
variable.





