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ANEXO A - TERMO DE CONSENTIMENTO LIVRE E 

ESCLARECIDO 

TERMO DE CONSENTIMENTO LIVRE, APÓS ESCLARECIMENTO. 

TÍTULO DO PROJETO: “Avaliação de parâmetros da resposta inflamatória em 

neoplasias ovarianas” 

Eu, 

.............................................................................................................................................

........, Registro Hospitalar nº ............................., li e/ou ouvi o esclarecimento acima e 

compreendi para que serve o estudo e qual procedimento a que serei submetido. A 

explicação que recebi esclarece os riscos e benefícios do estudo. Eu entendi que sou 

livre para interromper minha participação a qualquer momento, sem justificar minha 

decisão e que isso não afetará meu tratamento. Sei que meu nome não será divulgado, 

que não terei despesas e não receberei dinheiro por participar do estudo.  Eu concordo 

em participar do estudo e autorizo a publicação em forma de artigo científico sobre 

minha doença.  

 

Uberaba, ............./ ................../................ 

 

 _______________________________________            _______________________ 

Assinatura do voluntário ou seu responsável legal                 Documento de identidade 

_________________________________                     _________________________________ 

Assinatura do pesquisador responsável                    Assinatura do pesquisador orientador 

 

Telefone de contato da paciente: _______________________ 

Telefone de contato dos pesquisadores: 34-3318-5326 
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ANEXO C 

DESCRIÇÃO DOS ANTICORPOS UTILIZADOS NA 

IMUNOHISTOQUÍMICA DO ESTUDO 

 

Anticorpo Especificação Diluição Tampão/Ph Controle 

positivo 

 

 

TNF 

Santa Cruz Biotechnology, 

Inc. 

TNFα (52B83): sc-52746 

Antibody 

Lote B0509 

Rabbit policlonal IgG 

100µg/ml 

 

 

1:400 

 

Tris-EDTA/ 

pH 9.0 

 

 

Tecido de câncer 

humano 

 

 

 

TNFR1 

Santa Cruz Biotechnology, 

Inc. 

p-TNFR1 (ser 274) 

Antibody 

Lote B0509 

sc-130220 

Rabbit policlonal IgG 

100µg/ml 

 

1:100 

 

 

Tris-EDTA/ 

pH 9.0 

 

 

Tecido de câncer 

humano 
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TNFR2 

Santa Cruz Biotechnology, 

Inc. 

p-TNFR2 (D-2) Antibody 

sc-8041 

Rabbit policlonal IgG 

100µg/ml  

 

 

1:50 

 

 

Tris-EDTA/ 

pH 9.0 

 

 

Tecido de câncer 

humano 

 

Fonte: O Autor. 
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Word count: 3,194 words. 

 

Abstract 

Background: The aim of the study was to evaluate stromal immunostaining of 

malignant ovarian neoplasms, comparing it with benign ovarian neoplasms and non-

neoplastic ovarian lesions. 

Methods: Patients treated at the Pelvic Mass Outpatient Clinic were surgically treated 

according to pre-established criteria. Patients with benign (n=37) or malignant (n=43) 

ovarian epithelial neoplasia, and non-neoplastic ovarian lesion (n=15) were included in 

the study. Immunohistochemical study was performed to evaluate stromal TNF-alpha, 

TNFR1 and TNFR2. The comparison between the groups was performed by the Chi-

Square test, with a significance level lower than 0.05. 

Results: TNF-alpha stromal immunostaining was more intense (2/3) comparing benign 

(p<0.0001) and malignant (p<0.0001) ovarian neoplasms with non-neoplastic tumors. 

TNFR1 immunostaining was stronger (2/3) in the stroma of malignant neoplasms 

compared with benign neoplasms (p<0.0001), and stronger (2/3) when comparing 

benign neoplasms with non-neoplastic ovarian lesions (p=0.0002). For TNFR2, stromal 

immunostaining was stronger (2/3) in malignant neoplasms compared to benign 

neoplasms (p=0.0091), and stronger in malignant neoplasms compared to non-

neoplastic lesions (p=0.0004).  
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Conclusion: A stronger immunostaining for TNF-alpha e its receptors was found in 

ovarian cancer, suggesting that they may be targets of further studies to verify their role 

in carcinogenesis and the progression of ovarian neoplasms. 

Key words: TNF-alpha, TNFR1, TNFR2, ovarian tumors. 

 

 

Main Text Introduction 

Ovarian epithelial cancer has a high lethality among gynecological malignancies 

(Henley et al., 2020). Cytoreductive surgery followed by chemotherapy is still the main 

treatment (Randall & Rubin, 2021). The American Cancer Society estimates that about 

19,880 women will receive a new diagnosis of ovarian cancer for ovarian cancer and 

12,810 women will die from ovarian cancer in the United States for 2022 (American 

Cancer Society, 2022). In Brazil, there were 3,921 deaths from ovarian cancer in 2020 

(INCA, 2022). 

Tumor stroma plays an important role in ovarian cancer (Davidson et al., 2014; 

Silva et al., 2020). Ovarian cancer has, in the peritumoral stroma, multiple cell types 

besides cancer cells, which coordinate tumor survival, growth, invasion and progression 

(Silva et al., 2020). The tumor microenvironment has molecules that can be potential 

targets for new cancer therapies. In ovarian cancer, the stroma contains myofibroblasts, 

endothelial cells, and leukocytes, which may contribute to disease progression. A 

network consisting of angiogenic factors, proteases, growth factors, immune response-

modulating proteins, anti-apoptotic proteins, and signaling molecules to promote tumor 

cell invasion and metastasis (Davidson et al., 2014). 
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The chronic production of TNF-alpha in the tumor microenvironment may 

increase myeloid cell recruitment in an IL-17-dependent manner. This can lead to the 

tumor-promoting action of this cytokine (Charles et al., 2009). Ovarian cancer has 

immune-suppression capabilities, and regulatory T cells (Tregs) may contribute to this 

immune-suppression. Patients with ovarian cancer may have high levels of TNF and 

Tregs expressing TNFR2, which is associated with suppressive capacity (Kampan et al., 

2017). There is increasingly evidence that TNFR2 expression in cancer 

microenvironment has significant implications in cancer progression, metastasis and 

immune evasion (Al-Hatamleh et al., 2019). TNFR2+ Tregs were evaluated in patients 

with ovarian cancer, and TNFR2+ Tregs from tumor-associated ascites were the most 

potent suppressor T cell fraction. They were more suppressive than peripheral blood 

TNFR2+ Tregs (Govindaraj et al., 2013). 

The aim of the study was to evaluate stromal immunostaining of malignant 

ovarian neoplasms, comparing it with benign ovarian neoplasms and non-neoplastic 

ovarian lesions. 

 

Materials and Methods 

Patients treated at the Pelvic Mass Outpatient Clinic of the Department of 

Gynecology and Obstetrics / Oncology Research Institute (IPON) of the Federal 

University of Triângulo Mineiro – UFTM who were surgically treated according to pre-

established criteria (Murta et al., 2004; Murta & Nomelini, 2006). After confirmation of 

the histopathological diagnosis, patients with benign or malignant ovarian epithelial 

neoplasia, and non-neoplastic ovarian lesion were included in the study. Exclusion 
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criteria were torsion of the adnexal pedicle, secondary malignant ovarian neoplasm 

(metastasis), previous antineoplastic treatment; immunosuppressive diseases and 

relapse. Borderline ovarian tumors were included in the group of malignant neoplasms. 

The following data from the medical records were recorded in a specific 

database for the study: age, parity, hormonal status, histological type, histological grade, 

staging (FIGO), immunohistochemistry results for TNF-alpha, TNFR1 and TNFR2. 

Informed consent was obtained from all patients included in the study. The study 

was approved by the UFTM Research Ethics Committee. 

 

Anatomopathological study 

It was performed by the Surgical Pathology Service of the UFTM in paraffin 

sections, and the cases will be reviewed by an observer from the Surgical Pathology 

Service, to choose the best sections for the immunohistochemical study. The 

anatomopathological evaluation and staging of cases was performed according to the 

criteria of the International Federation of Gynecology and Obstetrics – FIGO 

(Zeppernick et al., 2014). 

 

Immunohistochemistry Study 

Specimens obtained by surgical resection were processed in paraffin and 

reviewed by an experienced pathologist. The selected cases were submitted to new cuts 

(4 µm) on silanized slides (ATPS - Silane, Sigma® A3648), using the streptoavidin-

biotin-peroxidase technique, according to the manufacturer's recommendations. The 
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specific primary anti-TNF-alpha, anti-TNFR1, anti-TNFR2 antibodies were used in the 

study.  

Positive and negative controls were used. Two observers evaluated the slides, 

and the interobserver agreement was calculated by kappa. The intensity of 

immunostaining in the peritumoral stroma was subjectively assessed using 0 to 3: 0 (no 

staining), 1 (weak staining), 2 (moderate staining), 3 (strong staining). In the 

immunohistochemical study, the agreement between the two observers was performed 

using the kappa: κ <0.4: weak agreement; 0.4≤ κ <0.8: moderate agreement; 0.8≤ κ 

<1.0: strong agreement; κ =1.0: perfect agreement. All discordant cases were re-

evaluated and the result was defined by consensus (figure 1). 

 

Statistical analysis 

Data were analyzed by GraphPad Prism software. The comparison between non-

neoplastic tumors, benign and malignant neoplasms was performed by the Fisher exact 

test, with a significance level lower than 0.05.  

 

Results 

The study included 95 patients divided into 3 groups (37 benign neoplasms, 43 

malignant neoplasms and 15 non-neoplastic lesions). In the malignant neoplasm group, 

the median age was 56 years (17-81 years), the median parity was 2 deliveries (0-12 

deliveries), the median age at menarche was 13 years (10-16 years), the median age at 

menopause was 49 years (33-57 years).  
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In the benign neoplasm group, the median age was 48 years (18-69 years), the 

median parity was 2 deliveries (0-7 deliveries), the median age at menarche was 13 

years (11-17 years), the median age at menopause was 49 years (29-55 years) 

In the non-neoplastic lesion group, median age was 46 years (35-82 years), 

median parity was 2 deliveries (0-5 deliveries), median age at menarche was 13 years 

(11-15 years) , the median age at menopause was 47 years (38-50 years). 

According to the International Federation of Gynecology and Obstetrics (FIGO), 

the stages of malignant neoplasms were: 20 (46.5%) patients IA, 1 (2.3%) patient IB, 3 

(7.0%) patients IC2, 1 (2.3%) patient IC3, 1 (2.3%) patient IIB, 2 (4.7%) patients 

IIIA1(i), I1 (2.3%) patient IIA2, 3 (7.0%) patients IIIB, 9 (27.9%) IIIC patients and 2 

(4.7%) IVB patients. Regarding the degree of histological differentiation of malignant 

tumors, 14 patients (32.6%) had grade 1, 14 patients (32.6%) had grade 2 and 15 

(34.9%) patients had grade 3. 

TNF-alpha stromal immunostaining was more intense (2/3) comparing benign 

(p=0.0016) and malignant (p<0.0001) ovarian neoplasms with non-neoplastic tumors. 

On the other hand, there was no significant difference comparing benign and malignant 

neoplasms (p=0.2969). 

Regarding the TNFR1 immunostaining, it was stronger (2/3) in the stroma of 

malignant neoplasms compared with benign neoplasms (p<0.0001), and stronger (2/3) 

when comparing benign neoplasms with non-neoplastic ovarian lesions (p=0.0002). 

There was no difference comparing stromal TNFR1 between ovarian cancer and non-

neoplastic lesions (p=0.231). 

For TNFR2, stromal immunostaining was stronger (2/3) in malignant neoplasms 

compared to benign neoplasms (p=0.0091), and stronger in malignant neoplasms 
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compared to non-neoplastic lesions (p=0.0004). However, there was no difference 

comparing stromal immunostaining of benign neoplasms and non-neoplastic lesions 

(p=0.0933). 

Table 1 shows the results of immunostaining between the groups (non-

neoplastic lesions, benign neoplasms and malignant ovarian neoplasms).  

 

Discussion 

Studies suggest the role of TNF-α and its receptors (TNFR1 and TNFR2) in 

biology of ovarian cancer and in tumor pathogenesis (Hassan et al., 1999; Piura et al., 

2014), and relationship with prognostic factors (Martins-Filho et al., 2014).  

TNF-alpha levels were measured in serum and cytosolic fractions of ovarian 

cancer patients and control patients, demonstrating increased TNF-alpha levels in the 

cancer patient group. TNF-alpha immunostaining was positive in malignant lesions and 

negative for normal ovarian tissue (Hassan et al., 1999). One study evaluated by 

immunohistochemistry the expression of IL-1, IL-6, TGF-β, TNF-α, COX-2, iNOS, and 

NF-kB in serous and mucinous ovarian cancers, and demonstrated that the expression of 

IL-1 , TNF-α and COX-2 increased with the stage of the disease in serous and mucinous 

tumors (Plewka et al. 2014). Serum levels of IL-6, IL-8, and TNF-α were assessed by 

ELISA; serum IL-8 and TNF-α levels were higher in patients with ovarian cancer 

compared with benign ovarian cystic lesions. The cutoff level of IL-8 and TNF-α was 

4.09 ng/mL and 2.63 ng/mL, respectively (sensitivity and specificity of 70% and 96% 

for IL-8 and 85.7% and 79.3% for TNF-α) (Pawlik et al. 2021). Another study evaluated 
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the involvement of T-helper cells and regulatory T cells in epithelial ovarian cancer, and 

examined the percentages of Th22, Th17, Th1, and regulatory T cells in the peripheral 

blood of epithelial ovarian cancer, benign ovarian epithelial neoplasm, and healthy 

control by flow cytometry. The plasma concentrations of IL-22 and TNF-α were 

significantly elevated in epithelial ovarian cancer patients compared with the other 2 

groups. In addition, in patients with ovarian cancer, there was an increased trend of 

Th22, IL-22, and TNF-α in stage III-IV patients compared with stage I-II patients, and a 

positive correlation between Th22, Th17, and Th1 cells (Wang et al., 2017). In our 

study, TNF-alpha stromal immunostaining was more intense comparing benign and 

malignant ovarian neoplasms with non-neoplastic tumors. On the other hand, there was 

no significant difference comparing benign and malignant neoplasms. 

Piura et al. (2014) extracted total RNA from normal and malignant ovarian 

tissues and mRNA was analyzed with semi-quantitative reverse transcriptase-

polymerase chain reaction (RT-PCR). Immunohistochemical study was performed for 

TNFR1 and TNFR2. TNF-α mRNA and TNFR2 mRNA levels were higher in 

carcinomas compared with normal ovarian tissues, and TNFR1 mRNA levels were 

similar. TNFR1 and TNFR2 were mainly localized in the epithelial neoplastic cells of 

the tumor (Piura et al., 2014). Another study showed that TNFR1 was over-expressed in 

ovarian cancer, playing an important role in ovarian cancer, with the potential to be a 

prognostic molecule in ovarian cancer (Peng et al., 2015). In the present study, TNFR1 

immunostaining was stronger in the stroma of malignant neoplasms compared to benign 

neoplasms, and stronger when comparing benign neoplasms with non-neoplastic 

ovarian lesions. There was no difference comparing TNF R1 stromal between ovarian 

cancer and non-neoplastic lesions. 
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Serum TNFR2 levels may have an association with prognostic factors in ovarian 

cancer (Nomelini et al., 2018). In the evaluation of ascites in patients with ovarian 

cancer, high levels of immunosuppressive (sTNFR2, IL-10, and TGF-β) and pro-

inflammatory cytokines (IL-6 and TNF) were found in this fluid. TNFR2 expression on 

all T cell subsets was higher on CD4+CD25hiFoxP3+ Tregs (Kampan et al., 2017). On 

the other hand, a meta-analysis was performed evaluating the associations between 

circulating levels of C-reactive protein, IL-6, TNF-alpha, and soluble TNFα receptor 2 

(TNFR2), and the risk of ovarian cancer, and demonstrated that that elevated levels of 

C-reactive protein, but not circulating IL6, TNF-alpha, or soluble TNFR2, are 

associated with an increased risk of ovarian cancer (Zeng et al., 2016).  Our data 

demonstrated that TNFR2 stromal immunostaining was stronger in malignant 

neoplasms compared to benign neoplasms, and stronger in malignant neoplasms 

compared to non-neoplastic lesions. But there was no difference comparing stromal 

immunostaining of benign neoplasms and non-neoplastic lesions. 

The main limitation of the study is the heterogeneity of the histological types of 

ovarian lesions and neoplasms. But this work has many strengths. To our knowledge, it 

is the first study in the literature that evaluated stromal TNF-alpha and its receptors in 3 

groups of ovarian tumors: non-neoplastic lesions, benign neoplasms and malignant 

neoplasms. And the results demonstrate a stronger immunostaining in ovarian cancer, 

suggesting that TNF-alpha and its receptors may be targets of further studies to verify 

their role in carcinogenesis and the progression of ovarian neoplasms. 

In conclusion, TNF-alpha stromal immunostaining was more intense comparing 

benign and malignant ovarian neoplasms with non-neoplastic tumors. TNFR1 
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immunostaining was stronger in the stroma of malignant neoplasms compared to benign 

neoplasms, and stronger when comparing benign neoplasms with non-neoplastic 

ovarian lesions. TNFR2 stromal immunostaining was stronger in malignant neoplasms 

compared to benign neoplasms, and stronger in malignant neoplasms compared to non-

neoplastic lesions.  
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Legend of figure 

Figure 1 - Immunohistochemical staining. Histological sections of ovarian lesions.  

A: Stromal immunostaining (2/3) of TNF-α in Mucinous Adenocarcinoma (100x). 

B: Stromal immunostaining (0/1) of TNF-α in Non-neoplastic tumor (100x). 

C: Stromal immunostaining (2/3) of TNFR1 in Adenocarcinoma (100x). 
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D: Stromal immunostaining (0/1) of TNFR1 in Serous Cystadenoma (100x). 

E: Stromal immunostaining (2/3) of TNFR2 in Serous Adenocarcinoma (100x). 

F: Stromal immunostaining (0/1) of TNFR2 in Mucinous Cystadenoma (100x). 
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Table 1: Differences in stromal immunostaining of TNF-alpha, TNFR1 and TNFR2 between malignant, benign and non-neoplastic ovarian tumors. 

  0/1 2/3 p 

TNF  

(n=37/43) 

Benign Neoplasms 

Malignant Neoplasms 

11/37 (29.7%) 

8/43 (18.6%) 

26/37 (70.3%) 

35/43 (81.4%) 
0.2969 

TNFR1  

(n=37/43) 

Benign Neoplasms 

Malignant Neoplasms 

37/37 (100.0%) 

17/43 (39.5%) 

0/37 (0%) 

26/43 (60.5%) 
< 0.0001 

TNFR2 (n=37/43) 
Benign Neoplasms 

Malignant Neoplasms 

30/37 (81.1%) 

22/43 (51.2%) 

7/37 (18.9%) 

21/43 (48.8%) 
0.0091 

TNF (n=37/15) 
Benign Neoplasms 

Non-Neoplastic Lesions 

11/37 (29.7%) 

12/15 (80.0%) 

26/37 (70.3%) 

3/15 (20.0%) 
0.0016 

TNFR1  

(n=37/15) 

Benign Neoplasms 

Non-Neoplastic Lesions 

37/37 (100.0%) 

9/15 (60.0%) 

0/37 (0%) 

6/15 (40.0%) 
0.0002 

TNFR2  

(n=37/15) 

Benign Neoplasms 

Non-Neoplastic Lesions 

30/37 (81.1%) 

15/15 (100.0%) 

7/37 (18.9%) 

0/15 (0%) 
0.0933 

TNF  

(n=43/15) 

Malignant Neoplasms 

Non-Neoplastic Lesions 

8/43 (18.6%) 

12/15 (80.0%) 

35/43 (81.4%) 

3/15 (97.3%) 
< 0.0001 

TNFR1  

(n=43/15) 

Malignant Neoplasms 

Non-Neoplastic Lesions 

17/43 (39.5%) 

9/15 (60.0%) 

26/43 (60.5%) 

6/15 (40.0%) 
0.231 
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TNFR2  

(n=43/15) 

Malignant Neoplasms 

Non-Neoplastic Lesions 

22/43 (51.2%) 

15/15 (100.0%) 

21/43 (48.8%) 

0/15 (0%) 
0.0004 

* Fisher's exact test. with a significance level of p<0.05



51  

 

 

05-Sep-2022 

 

Dear Dr. Nomelini: 

Your manuscript entitled "Stromal expression of TNF-α and its receptors 

TNFR1 and TNFR2: association with blood count parameters" has been 

successfully submitted online and is presently being given full consideration 

for publication in the Scandinavian Journal of Immunology. 

 

Your manuscript ID is SJI-22-349. 

 

 

Please mention the above manuscript ID in all future correspondence or 

when calling the office for questions. 

 

 

If you submitted this manuscript through ScholarOne, you can view the 

status of your manuscript by checking your Author Center after logging in to 

https://mc.manuscriptcentral.com/sji. 

 

 

Thank you for submitting your manuscript to the Scandinavian Journal of 

Immunology. 

 

Sincerely, 

Scandinavian Journal of Immunology Editorial Office. 



52  

 

 

 

Stromal expression of TNF and its receptors TNFR1 and TNFR2: 

association with blood count parameters 

 

Marcela Moisés Maluf Sanguineti
1
, Clícia Chagas Modesto

1
; Fabrícia Fernanda Barros

1
 

Cruz; Neila Carolina Alves Amaral
1
; Millena prata Jammal

1
, Eliângela de Castro Côbo

2
; 

Renata Margarida Etchebehere
2
; Eddie Fernando Candido Murta

1
,  

Rosekeila Simões Nomelini
1 

 

 

 

1
Department of Gynecology and Obstetrics, 

2
Service of Surgical Pathology;  

Federal University of Triângulo Mineiro,  

Uberaba - MG, Brazil. 

 

 

Address for correspondence: Prof. Rosekeila Simões Nomelini, Department of 

Gynecology and Obstetrics, UFTM, Av. Getúlio Guaritá, s/n, Bairro Abadia, 38025-440. 

Uberaba-MG, Brazil. 

Phone: +55 (34) 3318-5326 Fax: +55 (34) 3318-5342  

e-mail: rosekeila@terra.com.br 

 

 

 

 

 

 

 

mailto:rosekeila@terra.com.br


53  

 

 

Abstract 

Objective: The objective of this study was to evaluate the relationship of 

immunostaining of TNF and its receptors (TNFR1 and TNFR2) in the stroma of 

malignant ovarian neoplasm with hemogram parameters and tumor markers. 

Methods: Women with a confirmed diagnosis of malignant or borderline ovarian 

neoplasm were included in the study. The following data from the medical records were 

recorded in a specific database for the study: age, hormonal status, histological type, 

histological grade, staging (FIGO), type of carcinogenesis (type I and type II), blood 

count parameters and immunohistochemistry results for TNF-alpha, TNFR1 and 

TNFR2. For the immunohistochemical study, it was utilized streptoavidin-biotin-

peroxidase technique, and TNF-alpha and its receptors was evaluated in peritumoral 

stroma. The values of tumor markers and blood count parameters were compared by 

Mann-Whitney test. For parameters that were statistically significant, the receiver 

operating characteristic (ROC) curve was used to obtain the area under the curve (AUC) 

and to determine the best cutoff values between the weak (0/1) and strong (2/3) 

immunostaining groups. 3). For data with statistical significance, multivariate analysis 

was performed. The level of significance was less than 0.05. 

Results: For TNF-alpha, analyzing the ROC curves, there was statistical significance 

for basophils (cut-off value > 0) and neutrophils (cut-off value ≤ 3900) between strong 

(2/3) and weak (0/1) immunostaining. In relation to TNFR1, a cut-off value of 

monocytes > 312/mm3 was found. Regarding TNFR2, the cut-off value of CA-125 was 

≤ 95.16U/ml. Still in relation to TNFR2, the cut-off value for the absolute number of 

platelets was ≤ 298000/mm3. There was no statistical significance with the other 

parameters of the blood count and tumor markers evaluated. After establishing the cut-

off values by the ROC curves, a multivariate analysis was performed, which showed 

that an absolute monocyte count > 312/mm3 is associated with strong stromal 

immunostaining (2/3) of TNFR1, and a platelet value ≤ 298,000/mm3 is associated with 

strong (2/3) stromal immunostaining of TNFR2. 

Conclusion: Absolute monocyte count > 312/mm
3
 is associated with strong (2/3) 

stromal immunostaining of TNFR1, and platelet count ≤ 298,000/mm
3
 is associated 

with strong (2/3) stromal immunostaining of TNFR2. 
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Introduction  

Ovarian malignant neoplasm comprises several subtypes, but all are still treated 

as a single disease. This heterogeneity can be a cause of treatment failure (Kossai et al., 

2017). Abdominal and pelvic symptoms are non-specific, diagnosis is basically based 

on transvaginal ultrasound and tumor markers such as CA-125, and treatment is 

basically surgery followed by chemotherapy (Murta & Nomelini,2006; Roett MA & 

Evans, 2009). 

Ovarian cancer has an unknown pathogenesis, and cytokines may play an 

important role in the etiology and as prognostic factors. Tumor necrosis factor (TNF) 

alpha is a cytokine released by monocytes and macrophages and is involved in 

biological processes such as immunoregulation, growth modulation and cell 

differentiation. TNF-alpha expression plays a role in ovarian tumor pathogenesis, 

increasing with disease stage in serous and mucinous tumors (Plewka D. et al., 2014). 

Soluble TNF-alpha receptor 2 (TNFR2) levels were significantly higher in ovarian 

carcinoma tissues, while soluble TNF-alpha receptor 1 (TNFR1) mRNA levels were 

similar in tumor and normal ovarian tissues (Piura B. et al., 2014). TNFR2 stimulates 

the activation and proliferation of Tregs, which promote cancer cell survival and ensure 

tumor growth. Tregs that express TNFR2 are associated with maximal 

immunosuppression capacity (Govindaraj C. et al.), thus TNFR2 levels may represent a 

higher risk of tumor progression and a poor prognosis factor in ovarian cancer. 

Several studies have shown association of TNF-alpha and its receptors with 

prognosis in ovarian cancer may be targets for new treatment strategies. TNFR2 

expression in cancer microenvironment is associated with cancer progression, 

metastasis and immune evasion. Thus, new therapeutic strategies targeting TNFR2 can 

improve the management of patients with ovarian cancer (Torrey et al., 2017; Al-



55  

 

 

Hatamleh et al., 2019). Furthermore, tumor microenvironment levels of sTNF-R2 

(soluble TNF receptor II) had an association with tumor differentiation grades 2 and 3 

in ovarian cancer (Nomelini et al., 2018). 

Studies show that blood count parameters, such as lymphocyte-to-monocyte 

ratio, neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, platelet count and 

tumor marker levels are also associated with prognosis in ovarian cancer (Nomelini et 

al., 2017; Gong et al., 2019; Nomelini et al., 2019; Jammal et al., 2020; Soibi-Harry et 

al., 2021; Tang et al., 2021). In healthy patients, monocytes are divided into three 

populations: classical, intermediate, and non-classical, and intermediate monocytes have 

great expansion in ovarian cancer, with a positive correlation between the proportion of 

monocytes and peritoneal tumor burden (Mélissa Prat, et al.). The role of systemic 

inflammation markers has also been demonstrated as biomarkers of poor prognosis in 

ovarian cancer. A meta-analysis showed that low levels of the pretreatment lymphocyte-

monocyte ratio were correlated with high histological grade and advanced stage III and 

IV tumors (FIGO), being a potential prognostic marker in patients with ovarian cancer 

(Jun Gong et al. al.).  

The objective of this study was to evaluate the relationship of immunostaining of 

TNF and its receptors (TNFR1 and TNFR2) in the stroma of malignant ovarian 

neoplasm with hemogram parameters and tumor markers. 

 

Materials and Methods 

Women with a confirmed diagnosis of malignant or borderline ovarian neoplasm 

from the Department of Gynecology and Obstetrics of the Federal University of 

Triângulo Mineiro – UFTM were included in the study. Exclusion criteria were torsion 

of the adnexal pedicle, secondary malignant ovarian neoplasm (metastasis), previous 

antineoplastic treatment; immunosuppressive diseases, infections and relapses. 

The following data from the medical records were recorded in a specific 

database for the study: age, hormonal status, histological type, histological grade, 
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staging (FIGO), type of carcinogenesis (type I and type II), blood count parameters and 

immunohistochemistry results for TNF-alpha, TNFR1 and TNFR2. 

The blood count and tumor markers were collected in the preoperative period. 

The hemogram parameters evaluated were hemoglobin, absolute value of neutrophils, 

band neutrophils, segmented neutrophils, eosinophils, basophils, lymphocytes, monocytes 

and platelets. RDW, neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte ratio 

(PLR) values were also evaluated. NLR was calculated by dividing the absolute number 

of neutrophils by the absolute number of lymphocytes. PLR was calculated by dividing 

the absolute number of platelets by the absolute number of lymphocytes. The tumor 

markers evaluated were CA-125, CA 15.3 and CA19.9. 

A single experienced pathologist reviewed all anatomopathological results and 

chose the best sections, with sufficient sampling of tumor epithelium and stroma, for the 

immunohistochemical study. Staging was revised according to the criteria of the 

International Federation of Gynecology and Obstetrics – FIGO (Zeppernick et al., 

2014). 

For the immunohistochemical study, the best sections chosen by an experienced 

pathologist were subjected to the streptoavidin-biotin-peroxidase technique, according 

to the manufacturer's recommendations. The study used primary antibodies anti-TNF-

alpha, anti-TNFR1, anti-TNFR2, with positive and negative controls. Two observers 

read the blades. The intensity of immunostaining was evaluated in the peritumoral 

stroma. The score used was: 0 (no staining), 1 (weak staining), 2 (moderate staining), 3 

(strong staining). The interobserver agreement was calculated by kappa (κ <0.4: weak 

agreement; 0.4≤ κ <0.8: moderate agreement; 0.8≤ κ <1.0: strong agreement; κ =1.0: 

perfect agreement). Discordant cases were defined by the most experienced researcher. 

Informed consent was obtained from all patients included in the study. The study 

was approved by the UFTM Research Ethics Committee. 

Data were analyzed by GraphPad Prism software 6, MedCalc 19.0.4, and IBM 

SPSS Statistics 20. The values of tumor markers and blood count parameters were 

compared between the weak (0/1) and strong (2/3) immunostaining groups by Mann-

Whitney test. For parameters that were statistically significant, the receiver operating 
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characteristic (ROC) curve was used to obtain the area under the curve (AUC) and to 

determine the best cutoff values between the weak (0/1) and strong (2/3) 

immunostaining groups. 3). For data with statistical significance, multivariate analysis 

was performed. The level of significance was less than 0.05. 

 

Results 

The study included 43 patients with ovarian malignancy. Median age was 56 

years (17-81 years). According to the International Federation of Gynecology and 

Obstetrics (FIGO), the staging of malignant neoplasms was: 20 (46.5%) IA, 1 (2.3%) 

IB, 3 (7.0%) patients IC2, 1 (2.3%) IC3, 1 (2.3%) IIB, 2 (4.7%) IIIA1(i), 1 (2.3%), 3 

(7.0%) IIIB, 9 (27.9%) IIIC, and 2 (4.7%) IVB. Regarding the grade of histological 

differentiation of malignant tumors, 14 patients (32.6%) had grade 1, 14 patients 

(32.6%) had grade 2 and 15 (34.9%) patients had grade 3. The molecular subtypes of 

malignant neoplasms were: type I 19 patients (44.2%) and type II 24 (55.8%) patients. 

For TNF-alpha, analyzing the ROC curves, there was statistical significance for 

basophils (cut-off value > 0; sensitivity = 14.3%; specificity = 100%; AUC = 0.571; p = 

0.017) and neutrophils (cut-off value ≤ 3900; sensitivity = 54.3; specificity = 100%; 

AUC = 0.663; p = 0.04) between strong (2/3) and weak (0/1) immunostaining. In 

relation to TNFR1, using the ROC curve, a cut-off value of monocytes > 312/mm3 was 

found between strong (2/3) and weak (0/1) immunostaining, with a sensitivity of 92.3% 

and specificity of 47 .1% and AUC = 0.708 (p=0.013). Regarding TNFR2, the cut-off 

value of CA-125 was ≤ 95.16U/ml between strong (2/3) and weak (0/1) 

immunostaining, with a sensitivity of 89.5% and specificity of 52.4 % and AUC = 0.704 

(p=0.017). Still in relation to TNFR2, the cut-off value for the absolute number of 

platelets was ≤ 298000/mm3 between strong and weak immunostaining, with sensitivity 

of 81% and specificity of 54.5% and AUC = 0.672 (p=0.04) (figure 1). There was no 

statistical significance with the other parameters of the blood count and tumor markers 

evaluated. 

After establishing the cut-off values by the ROC curves, a multivariate analysis 

was performed, which showed that an absolute monocyte count > 312/mm3 is 
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associated with strong stromal immunostaining (2/3) of TNFR1, and a platelet value ≤ 

298,000/mm3 is associated with strong (2/3) stromal immunostaining of TNFR2 

(Tables 1 and 2). Figure 2 shows the differences in the medians of the absolute 

monocyte count in the weak and strong immunostaining TNFR1 groups, and the 

differences in the medians of the absolute platelet count in the weak and strong 

immunostaining groups of TNFR2. 

 

Discussion  

The inflammatory response is involved in almost all stages of tumor 

development. TNF-α is a key mediator in inflammation, is expressed in the ovarian 

cancer microenvironment, and appears to promote tumor progression by inducing 

cytokines (Hanahan et al, 2011; Krockenberger et al 2008). Its expression may vary 

according to the subtype of ovarian neoplasm, which contributes to diagnostic and 

prognostic factors (Köbel et al, 2008; Gilks et al, 2008). Immune function is 

compromised by mediators of the systemic inflammatory response, which increase 

leukocytes, neutrophils, platelets, C-reactive protein, and fibrinogen and decrease 

lymphocyte concentrations (Zhang et al, 2015). Therefore, carcinogenesis may result 

from a failure of the immune response. 

Several studies show the relationship of TNF-alpha and its receptors with 

prognostic factors in ovarian cancer (Martins-Filho et al., 2014; Silva et al., 2021) 

cancer progression (Dobrzycka et al., 2009). Stronger TNF-alpha immunohistochemical 

satining was associated with histological grade 1 and early stages in ovarian cancer in a 

study that performed immunohistochemistry for IL2, IL5, IL6, IL8, IL10, TNF-alpha 

and iNOS (Martins-Filho et al., 2014). One study evaluated the protein expression level 

of TNFR2 and signal transducer and activator of transcription 3 (STAT3) in high-grade 

serous ovarian cancer tissues in relation to the platinum-based chemotherapy response 

and the prognosis outcome. Patients with strong TNFR2 and STAT3 expression had 

significantly longer progression-free survival interval in the platinum-sensitive group 

(Silva et al., 2021). The gene and protein expression of HMGB1, TLR4, NF κB and 

TNF - alfa was significantly increased in the advanced tumor stage and poorly 
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differentiated group in malignant epithelial ovarian cancer (Jiang et al., 2018).  In 

another study, in patients with ovarian cancer, there was an increased trend of Th22, IL-

22, and TNF-α in stage III-IV patients compared with stage I-II patients, evaluated by 

flow cytometry. (Wang et al., 2017). On the other hand, no differences were observed 

comparing TNF-alpha in serum and cytosolic fractions in ovarian cancer patients in 

relation to the histological types (serous, mucinous, and endometrioid carcinomas) and 

the disease stage (Hassan et al., 1999).  

The levels of TNF alpha and its soluble type I (sTNF-R1) and type II (sTNF-R2) 

receptors were studied in intracystic liquid and serum from benign and malignant 

ovarian neoplasms. Concentration of sTNF-R2 in the intracystic samples from ovarian 

cancer was higher than that of the benign neoplasms, and higher intracystic levels of 

sTNF-R2 associated with grades 2 and 3 tumors (Nomelini et al., 2018). TNFR2 is an 

important protein target for further studies on the treatment of ovarian cancer because it 

is present in immunosuppressive Tregs and in human tumors (Chen et al., 2013; 

Govindaraj et al., 2013). One study suggests that antagonistic TNFR2 antibodies may be 

a new treatment for TNFR-positive ovarian cancer, by targeting tumor cells and 

immunosuppressive tumor-associated Tregs (Torrey et al., 2017). 

Lymphocytes have relevance in the cellular and humoral antitumor immune 

response, since their activation and proliferation play a role in cytotoxic cell death and 

inhibit tumor cells (Zhao et al, 2020). In the same line of reasoning, macrophages 

originate mainly from monocytes and seem to promote proliferation, invasion and 

metastasis of tumor cells, by stimulating angiogenesis and inhibiting the antitumor 

immune response mediated by T cells. A high monocyte count is therefore indirectly 

associated to tumor progression (Pollard, 2004). 

Monocytes are circulating mononuclear phagocytes, ready to extravasate to sites 

of inflammation and differentiate into monocyte-derived macrophages and dendritic 

cells.  (Geissmann et al., 2003). TNF has pleiotropic actions and can induce both cell 

death and apoptosis resistance (Karin and Lin, 2002). Tumor necrosis factor (TNF) and 

its receptors are upregulated during monopoiesis and expressed by circulating 

monocytes as well as effector monocytes that infiltrate certain sites of inflammation. 
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Autonomic monocyte TNF may be critical to the function of these cells (Wolf et al., 

2017).  

Macrophages and endothelial cells infiltrate the peritoneum near epithelial 

ovarian cancer tumor implants. One study investigated whether the interaction of 

ovarian cancer cells and tumor-associated macrophages could promote endothelial cell 

involvement in angiogenesis. The results suggested that the interaction of ovarian 

cancer cells and tumor-associated macrophages enhances the ability of endothelial cells 

to promote ovarian cancer progression (Wang et al., 2013). Another study linked the 

level of blood intermediate monocytes with immunosuppression and tumor burden in 

the peritoneum, demonstrating that blood intermediate monocytes could be a potential 

predictive signature of the immune status of ascites and a biomarker of ovarian and 

ovarian cancer development. response to treatment (Prat et al., 2020). Hopkins et al. 

(2021) used a murine model to investigate changes in tumor ascites that occur after 

administration of platinum chemotherapy. Treatment with cisplatin resulted in a 

significant increase in monocytes in the ascites of tumor-bearing mice. This finding 

suggests that treatment with this chemotherapeutic agent leads to an increase in 

antitumor activity in ascites related to changes in ascitic monocytes (Hopkins et al., 

2021). Another study demonstrated that the production of TGFα in high-grade serous 

ovarian carcinoma leads monocytes to differentiate into macrophages. This suggests an 

important role in the mechanism by which alternatively activated macrophages are 

generated in the tumor microenvironment (Fogg et al., 2020). Three subpopulations of 

monocytes can be distinguished in human blood: classical (CD14++CD16-), 

intermediate (CD14++CD16+), and nonclassical (CD14+CD16++).Monocytes can 

show the highest expression level of TNFR1 among monocyte subpopulations and 

nonclassical monocytes can have the highest expression level of TNFR2 (Hijdra et al., 

2012). Our study demonstrated that an absolute monocyte count > 312/mm3 is 

associated with strong stromal immunostaining (2/3) of TNFR1. 

Platelets have been recognized as inflammatory cells, but the effects of TNF-

alpha and its receptors on the platelet activity is not yet well understood. Tumor 

necrosis factor-alpha plays an important role in the inflammatory response and acts 

through two receptors, TNFR1 and TNFR2. One study demonstrated that TNF-α 
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negatively modulates ADP-induced platelet aggregation via TNFR1/TNFR2 receptors 

by reducing cytosolic Ca++ levels and by inhibiting c-Src and fibrinogen receptor 

activation, which take place through cAMP- and cGMP-independent (Bonfitto et al., 

2018). Tacchini-Cottier et al. (1998) demonstrated that TNF can induce platelet 

consumption by acting not on platelets directly but on the TNFR1 of other cells, 

probably by increasing the release of factors with agonist activity for platelets 

(Tacchini-Cottier et al., 1998). TNF can induce thrombocytopenia due to reduced 

platelet lifespan. TNF activates platelet caspases via TNFR1, which results in platelet 

fragmentation and thrombocytopenia (Piguet et al., 2002). Our study demonstrated an 

association of lower platelet levels with TNFR2, which was confirmed after 

multivariate analysis. 

The main limitation of our study was the use of a heterogeneous sample of 

histological types of ovarian cancer. On the other hand, to our knowledge, there are no 

studies in the literature comparing TNF-alpha and its receptors in the stroma of ovarian 

cancer with the systemic inflammatory response, represented here by the blood count 

parameters. Thus, our study is important so that further research on the subject can 

establish more clearly about the immunological and inflammatory mechanisms that 

govern the systemic response from the tissue response. The study of these interactions 

between local and systemic tumor response will also be important in the discovery of 

new prognostic factors and new targets for the treatment of ovarian cancer, which today 

is basically performed with surgery and chemotherapy. 

 

Conclusion 

Absolute monocyte count > 312/mm
3
 is associated with strong (2/3) stromal 

immunostaining of TNFR1, and platelet count ≤ 298,000/mm
3
 is associated with strong 

(2/3) stromal immunostaining of TNFR2. 
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Figure legend: 

Figure 1: ROC curves relating strong (2/3) and weak (0/1) stromal immunostaining of TNF-

alpha with absolute basophil and neutrophil count, TNFR1 with absolute monocyte count and 

CA 125 value, and TNFR2 with absolute platelet count. 

 

Figure 2: Differences in the medians of absolute monocyte counts in the weak and strong 

immunostaining groups of TNFR1, and the differences of the medians of the absolute platelet 

counts in the groups of weak (0/1) and strong (2/3) immunostaining of TNFR2 (p= 0.0266 and 

p=0.0321, respectively). 

 

Figure 1 
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Table 1: Multivariate analysis of the variables age, hormonal status, histological grade, ovarian 

cancer type, staging and absolute monocyte count considering stromal TNFR1 immunostaining. 

Variable                    Multivariate analysis 

          OR (95% CI)                 p-value 

Age (> 50y vs ≤ 50y) 

Hormonal status (menopausa vs menacme) 

Histological grade (2/3 vs 1) 

Type (II vs I) 

Staging (III/IV vs I/II) 

Monocytes count (> 312/mm
3 
 vs ≤  312/mm

3
) 

  0.318  (0.028-3.591) 

3.904 (0.302-50.5) 

0.376 (0.025-5.623) 

4.581 (0.326-64.363) 

0.357 (0.052-2.438) 

11.365 (1.485-86.956) 

0.354 

0.297 

0.479 

0.259 

0.294 

0.019 

 

 

 

 

Table 2: Multivariate analysis of the variables age, hormonal statuts, histological grade, ovarian 

cancer type, staging, serum Ca-125 and absolute platelets count considering stromal TNFR2 

immunostaining. 

Variable                                     Multivariate analysis 

                        OR (95% CI)                    p-value 

Age (> 50y vs ≤ 50y) 

Hormonal status (menopausa vs menacme) 

Histological grade (2/3 vs 1) 

Type (II vs I) 

Staging (III/IV vs I/II) 

Ca-125 (≤  65.16U/mL vs > 95.16 U/mL) 

Platelets count (≤  298,000/mm
3
 vs > 298.000/mm

3 
) 

  5.9  (0.584-59.643) 

0.153 (0.014-1.664) 

2.117 (0.184-24.324) 

0.354 (0.031-4.034) 

0.703 (0.131-3.780) 

2.457 (0.552-10.948) 

6.739 (1.398-32.483) 

0.133 

0.123 

0.547 

0.403 

0.681 

0.238 

0.017 
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