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Abstract

Background
In�ammation is a hallmark of cancer, and emerging light is being shed on the neutrophil release of nuclear
chromatin, referred to as neutrophil extracellular traps (NETs) in cancer and cancer associated thrombosis.
The NET-speci�c marker citrullinated histone H3 (H3Cit) has been found to be elevated in plasma from
patients with malignancies, suggesting the potential of NET markers, such as H3Cit, as novel cancer
biomarkers.

Objective
To determine the levels of plasma H3Cit in blood in women with adnexal masses.

Subjects and Method
s: Peripheral blood samples were obtained preoperatively from 199 patients admitted for primary surgery
of adnexal masses 2015–2017. Patients were grouped according to tumor type and stage of cancer.
Plasma levels of H3Cit-DNA, cell free DNA (cfDNA) and the clinically implemented tumor marker cancer
antigen 125 (CA125) were determined with ELISA.

Results
Plasma levels of H3Cit-DNA and cfDNA were not elevated in women with borderline or malignant ovarian
tumors compared with women with benign tumors. Increased plasma levels of CA125 were detected in
borderline and ovarian cancer stage I and stage II-IV compared with benign ovarian tumor patients
(ptrend<0.001). In Cox regression analysis high levels of Ca 125 dichotomized at 326 IU/ml (median)
showed worse overall survival hazard ratio 1.9 (95 % C.I. 1.03–3.36; p = 0.038). No differences were found
in the survival analyses in malignant ovarian tumors analyzing the cfDNA and H3Cit-DNA levels.

Conclusion
This study did not �nd any association nor prognostic association between the plasma levels of the NET
marker H3Cit and ovarian cancer patients.

Introduction
Ovarian cancer (ovarian-/tubal-/peritoneal) is the sixth most frequent type of cancer and the fourth leading
cause of cancer related death among Swedish women. Due to mild symptoms, two thirds of patients with
ovarian cancer are diagnosed with advanced stage of the disease, and survival is higher when ovarian
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cancer is detected at an earlier stage (1). Recently, 5-year survival exceeded 50 percent in all stage of
disease, re�ecting more effective cytotoxic drugs and advances in surgical management.

Cancer antigen 125 (CA125), �rst identi�ed in 1981, has been extensively studied for its utility in screening,
early detection, prognosis, and monitoring of epithelial ovarian cancer (EOC) disease status (2), but its
utility as a screening marker is limited due to poor sensitivity in early-stage ovarian cancer. Complex
statistical algorithms along with a further understanding of the kinetics of biomarkers over time have
improved the sensitivity and speci�city of the biomarker assays (3).

Human epididymis protein 4 (HE4) is a novel tumor marker approved by the FDA for monitoring recurrence
or progressive disease in patients with epithelial ovarian cancer (4). Overexpression of HE4 has been found
in serous and endometrioid ovarian carcinomas. HE4 is included together with CA125 in the ROMA
algorithm (risk of ovarian malignancy algorithm) (5) for preoperative assessment of suspected ovarian
cancer. The biomarker panel suPAR(II-III), HE4, CA125 and age in premenopausal women improved
discrimination of malignant and benign ovarian tumors (6) and high preoperative blood levels of HE4 have
shown to predict poor prognosis in patients with ovarian cancer (7).

In�ammation plays a key role in tumorigenesis (8) and recent data emphasizes the contribution of
neutrophils (9) and neutrophil release of nuclear chromatin, referred to as neutrophil extracellular traps
(NETs) in cancer (10) and cancer-associated thrombosis (11). NETs were �rst discovered by Brinkman et al
in 2004 (12) as a mechanism for trapping and killing bacteria by the innate immune system, but has
recently been shown to play a central role in non-infectious conditions such as arterial and venous
thrombosis (13), autoimmunity and cancer (8, 9). Driven by the tumor environment, NETs have been
implicated in tumor progression (14–16) by interacting with cancer cells and enhancing immune escape
and angiogenesis, metastatic spread (17–20) by establishing a seeding bed for metastatic cells and
promoting tumor cell migration, and in cancer-associated thrombosis (21–24) by activation of platelets
and coagulation factors as well as by providing a scaffold for platelets and red blood cells. The NET-
speci�c marker citrullinated histone H3 (H3Cit) has been found elevated in plasma from patients with a
variety of malignancies (25, 26) as well as from patients with cancer-associated thrombosis (27, 28),
suggesting the potential of NET markers, such as H3Cit, as novel cancer biomarkers. NETs have also been
shown to accumulate in peripheral blood vessels, compromising organ function in tumor-bearing mice (29)
and markers of NETs have been detected in widespread microthrombi in cancer patients (27). Associations
between high levels of circulating H3Cit and mortality in patients with advanced cancer has been reported
(26). These data not only suggest that markers of NETs may be useful in cancer diagnostics and
prognostics, but also that a NET-induced micro-thrombotic state may contribute to multi-organ failure and
death in patients with advanced cancer, providing possible therapeutic targets.

The aim of this study was to analyze cell free DNA (cfDNA), a key component of NETs, and the NET-
speci�c marker H3Cit in plasma in patients with ovarian benign, borderline, and malignant tumors. The
hypothesis was that there would be increased levels of NET markers in plasma in patients with malignant
pelvic tumors.



Page 4/11

Materials And Methods
Patients. Peripheral blood samples were obtained preoperatively from 199 patients admitted for primary
surgery of adnexal masses to the Department of Obstetrics and Gynecology in Lund, Sweden, October
2014-december 2017. Blood was collected in citrate tubes, and the plasma stored at − 80˚C until analyzed.
The 199 patients were chosen to get a representative material of ovarian tumor patients as well as some
other pelvic malignancies from the biobank GUNNEL at Lund University, Medicon Village. All data were
grouped according to tumor type and stage of cancer; Benign (B), Borderline (BOT), Stage I ovarian cancer
(OvCa Stage I), Stage II-IV ovarian cancer (OvCa Stage II-IV) and Other cancer. dsDNA was quanti�ed with
Quant-iT PicoGreen dsDNA assay (Invitrogen) according to manufacturer’s instructions. Nucleosomal
H3Cit (H3Cit-DNA complexes) were quanti�ed by an in-house ELISA as previously described (30).

CA125 was anlyzed in a commercial electrochemoluminescence immunoassay Elecsys CA125 kit™ (Roche
Diagnostics Scandinavia AB, Bromma, Sweden) according to the manufacturer’s instructions.

Statistical analyses

The Student’s t-test, Pearson Chi-square test and ANOVA with Bonferroni’s post hoc test were used in
analyzing data. Trends across ordered groups were analyzed using linear regression with log-transformed
values. Overall survival probabilities were calculated using the Kaplan–Meier method and the log-rank test.
The Cox proportional hazard model was used in univariable survival and multivariable analyses. Point
estimates are reported as hazard ratios (HR) and 95% con�dence intervals (CI). Assumptions of
proportional hazards were veri�ed graphically where applicable. According to the power analysis with α = 
5% and power of 90%, 21 patients were required in each group order to be able to �nd a 7% or more
difference in mean values of the H3Cit variable between the groups. All comparisons were two-sided, and
5% signi�cance level was used. Statistical analyses were performed using SPSSTM 26.0 2019 (IBM Corp,
Armonk, NY, USA).

Results
Patients and data were grouped according to tumor type and stage of cancer as follows: Benign (n = 39),
BOT (n = 32), Stage I (n = 23), stage II-IV (n = 99) and in other cancers (n = 6) (Table 1). The youngest
patients were in BOT group (mean age 53 years ±19.59) and the oldest patients were OvCa stage II-IV
(mean 66 years ±9.38) (Table 1). The body mass index (BMI) of all groups of patients did not exceed 30
kg/m2. The longest surgeries were in the OvCa Stage II-IV group p < 0.01) and the blood loss (ml) were
statistically larger in the OvCa Stage II-IV group than in the benign and borderline groups (p < 0.01). Of all
the patients analyzed, the majority belonged to the ASA (American Society of Anesthesiologists) I-II groups
(Table 1). Days to normal daily living was longer in cancer patients (p = 0.05). Among 98 patients
responding to the 8 weeks follow-up questionnaire, no signi�cant difference in thromboembolic events
were con�rmed between the OvCa Stage II-IV group (3 events out of 60 [5 %]) and the other patients with
ovarian tumors (5 out of 33 [15 %]).
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The dsDNA and H3Cit-DNA levels in plasma did not differ between patients with ovarian benign, borderline
or malignant tumors or other cancer (Fig. 1a, 1b). The Ca125 levels in plasma were increased in BOT, OvCa
stage I and OvCa stage II-IV compared with benign ovarian tumors and other cancer types in the pelvis
(ptrend<0.001).

In the survival analyses, benign and borderline tumors were excluded, and the biomarkers CA125, dsDNA
and H3Cit-DNA analyzed as continuous variables as well as dichotomized and divided into quartiles. In the
uni- and multivariable Cox regression analyses with continues variables increased levels of CA125 showed
worse overall survival HR 2.0 (95 % CI 1.2–3.1, p = 0.004). No differences were found in the survival
analyses in malignant ovarian tumors analyzing the dsDNA and H3Cit-DNA levels. In the univariable Cox
regression analysis high levels of Ca 125 dichotomized at 326 IU/ml (median) showed worse overall
survival hazard ratio 1.9 (95 % C.I. 1.03–3.36; p = 0.038) and log rank test (p = 0.034) (median follow-op
time 37 months).

Discussion
Over the last decade, the interest in NETs in cancer progression has increased (31). Neutrophils are being
increasingly recognized as an important element in tumor progression and have been shown to exert
important effects at nearly every stage of tumor progression (32). Neutrophil response varies depending on
stimuli (33). Stimuli in the tumour microenvironment result in activation of neutrophils with various anti-
and pro-tumour phenotypes (10). Markers of NET formation, such as H3Cit, have been found in plasma
from cancer patients with acute microangiopathies (27, 34). In animal models, NET formation has been
detected in the omentum of ovarian tumor–bearing mice before metastasis (35). It was also found that
omental metastasis was decreased in mice with neutrophil-speci�c de�ciency of PAD4 (peptidylarginine
deiminase 4), an enzyme that is essential for NET formation (35). Based on these data, we hypothesized
that circulating H3Cit levels may be increased in ovarian cancer patients. Our results did not verify our
hypothesis as the levels of H3Cit-DNA and cfDNA were not increased in patients with ovarian cancer and
no associations were found between the levels of these plasma markers and ovarian cancer stage.

Cancer-associated NET formation likely depends on tumor type. NET formation has been associated with
chronic autoimmune and autoin�ammatory illnesses (9, 36, 37) and implicated in the dissemination of
cancer (10). In a murine model of chronic myelogenous leukemia the link between NET formation and
cancer was demonstrated, isolated neutrophils were more prone to NET formation in vitro (22). In a study
using mice bearing human pancreatic tumors, high levels of cfDNA and H3Cit in plasma correlated to
spontaneous pulmonary thrombosis (38). In mouse models of breast cancer, non-small-cell lung
carcinoma and chronic myeloid leukemia neutrophils indicated higher capacity to form and release NET
(10, 32, 39).

The CA125 ovarian cancer marker was in this study as expected higher in advanced stage III and IV cancer
patients compared with borderline and early stage tumors (6). However, CA125 may be elevated in other
benign gynecological diseases such as endometriosis and other medical conditions which reduce
sensitivity and speci�city of the biomarker CA125 (40).
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Many studies have shown the surgical impact on the survival for patients with ovarian cancer (41). To
improve survival maximal cytoreductive tumor debulking surgery is advocated to reach no residual tumor
(42, 43). Thorough tumor debulking often leads to longer operations, increasing the risk of venous
thromboembolism (VTE). An important step is to classify patients into high and low risk of ovarian cancer
so especially advanced ovarian cancer patients may be treated at tertiary surgical centers of excellence to
reduce the risk of complications including VTE thus improving patient survival (44). In this study no
increased incidence of VTE events were found in the OvCa group compared with the patients having
surgery without the cancer diagnosis which may be due to the recommendations of prolonged anti-
coagulations prophylaxis in 30 days in ovarian cancer patients.

Elevations of plasma H3Cit in patients with advanced cancer patients compared with age-matched healthy
individuals has earlier been reported (26). Several studies investigating cancer-associated NET formation
(25) suggest that biomarkers of NET formation are associated with the occurrence of VTE in cancer
patients (45). Patients with ovarian cancer are known to be at high risk for VTE (46, 47), but only VTE
complicated by symptomatic pulmonary embolism have been identi�ed to have a negative impact on
survival (44).

This is, to our knowledge, the �rst study investigating plasma levels of cfDNA and H3Cit-DNA in patients
with ovarian tumors. The Ca125 levels in the different ovarian tumor groups showed expected results in
line with earlier studies indicating that the plasma analyzes in the patient groups behaved as expected.
The number of patients in all ovarian tumor groups were according to the power analysis large enough.
Some events of VTE may however have been missed since not all patients had complete follow-up.

Conclusion
This study did not �nd elevated levels of H3Cit or cfDNA in plasma from ovarian cancer patients. Further
studies evaluating the role of NET formation in various cancer cohorts, especially those with known
increased risk for thromboembolic events, are needed.
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Figures

Figure 1

Figure 1 a Plasma levels of cfDNA did not differ between patients with ovarian benign, borderline or
malignant tumors. Figure 1 b Plasma levels of H3Cit-DNA did not differ between patients with ovarian
benign, borderline or malignant tumors. Figure 1 c Ca125 in plasma was increased in borderline, in stage I
and stage II-IV ovarian cancer patients but not patients with other than ovarian cancer.


