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abstract

Background: Treatment of multiple myeloma (MM) is associated with a high risk of 

venous thromboembolism (VTE). Nucleosomes and neutrophil activation are associ-

ated with thrombus development in mouse models, and with VTE in patients. No 

data are available on the role of nucleosomes or neutrophil activation in patients 

with MM and VTE.

Methods: We assessed levels of nucleosomes and systemic neutrophil activation, 

by presence of elastase-α1-antitrypsin (EA) complexes, in 131 patients with newly 

diagnosed MM (HOVON-50 or HOVON-65 study). We used a nested case-control 

design to investigate their association with VTE, by calculating odds ratios (ORs) 

with corresponding 95% confidence intervals (CIs). A comparison of nucleosome 

and neutrophil activation levels was also made between MM patients, a cohort of 

patients with deep-vein thrombosis (DVT) of the leg with and without malignancy, 

and a cohort of DVT controls with and without malignancy.

Results: 19 of 131 MM patients (14.5%) developed VTE during MM treatment. No 

association was found between nucleosomes, neutrophil activation, and VTE (OR 

0.5; 95% CI 0.2-1.6, and OR 2.1; 95% CI 0.5-9.7, respectively) in MM patients. A sig-

nificant difference was found between median levels of EA complexes and higher 

MM disease stage (Kruskal Wallis test, p=0.03). Nucleosome levels were significantly 

higher in MM patients compared with DVT patients and DVT controls, irrespective 

of malignancy status, while levels of neutrophil activation were significantly lower in 

MM patients in all comparisons.

Conclusions: Elevated levels of nucleosomes were found in MM patients, but there 

was no association between circulating nucleosomes, neutrophil activation, and VTE 

in MM. Our results suggest that nucleosomes are a marker of plasma cell death rather 

than of neutrophil or coagulation activation in patients with MM. Future studies are 

necessary to investigate the source and clinical relevance of nucleosomes in MM.
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introduction

Patients with multiple myeloma (MM) are at a 9-fold increased risk of venous 

thromboembolism (VTE), with at least 10% of patients developing VTE during the 

course of the disease.1 Mechanisms underlying the increased risk of VTE in MM are 

multifactorial, with contributions of patient-related factors, e.g., older age, as well 

as disease-related factors, e.g. blood hyperviscosity due to high levels of immuno-

globulins and increased cytokine release.2 Increased levels of interleukin-6 (IL-6) have 

been observed in patients with MM. IL-6 is involved in one of the major signaling 

pathways in the pathogenesis of MM,3 but can also lead to a procoagulant state,4 

with elevated levels of factor VIII, von Willebrand factor, tissue factor and D-dimer.5 

However, an association between high levels of prothrombotic factors and VTE in 

MM has not been confirmed.5-7

Treatment agents for MM are also an important risk factor for VTE, and the inci-

dence of VTE varies between different regimens.8 The introduction of immunomodu-

latory drugs (IMiDs) thalidomide and its derivate lenalidomide has improved overall 

response rate and clinical outcome.9, 10 However, use of IMiDs in combination with 

dexamethasone and chemotherapy has also significantly increased the risk of VTE 

during MM treatment.11, 12 In contrast, use of bortezomib, a proteasome inhibitor 

introduced after the IMiDs, is associated with a lower risk of VTE in MM patients.13

Recently, activation of neutrophils, consequently leading to the formation of neutro-

phil extracellular traps (NETs), and the exposure of nucleosomes on these NETs, was 

shown to play a central role in coagulation activation in vivo and development and 

propagation of DVT in animal models.14-18 Nucleosomes exposed on NETs are crucial 

in the prothrombotic potential of NETs. 15-17 Nucleosomes consist of a core octamer, 

with 2 copies each of histones H2A, H2B, H3, and H4, around which a stretch of heli-

cal DNA of 146 base pairs is wrapped.19 Circulating nucleosomes detected in sepsis 

have been reported to correlate with markers for coagulation and neutrophil activa-

tion,20 and were found a suitable marker for NET formation in plasma in baboons 

and humans.21 In patients with VTE, increased nucleosome levels and markers for 

neutrophil activation were also demonstrated, supporting the role of NET forma-

tion in the development of VTE.22 NETs have also been associated with cancer and 

cancer-related VTE.23 Whether there is a role of nucleosomes or neutrophil activation 

in patients with MM and VTE, is currently unknown.

Therefore, the primary aim of this study was to investigate whether circulating 

nucleosomes and systemic neutrophil activation, as evidenced by presence of hu-

man neutrophil elastase-α1-antitrypsin (EA) complexes, are associated with VTE in 

patients with newly diagnosed MM. Secondly, levels of nucleosomes and neutrophil 
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activation in MM patients were also compared with a cohort with patients with ob-

jectified deep vein thrombosis (DVT cases) of the leg, with and without malignancy, 

and matched controls in whom DVT was objectively excluded (DVT controls), with 

and without malignancy.22

materials and methods

Patients and controls

We used three different cohorts of patients for this study: 1) 131 patients with MM, 

of whom 19 with VTE and 112 without VTE, 2) 149 patients with DVT (DVT cases), of 

whom 26 with malignancy and 123 without malignancy, and 3) 181 controls without 

DVT (DVT controls), of whom 24 with malignancy and 157 without malignancy. DVT 

cases and DVT controls were matched for sex, age (±5-year intervals) at the time 

of blood sample collection, and time of DVT evaluation. DVT cases, controls and 

definitions for DVT, as well as the association between nucleosomes, neutrophil 

activation, and DVT have been described previously.22 Patients with MM and DVT 

cases or controls were not matched.

Plasma samples of MM patients were obtained from 131 consecutive patients of 

age 65 years and younger, with newly diagnosed MM according to the Mayo Clinic 

criteria, who were included in the HOVON-50 MM or HOVON-65 MM / GMMG HD4 

studies between November 2001 and November 2006 (ISRCTN06413384 and 

ISRCTN64455289).24, 25 Patients were referred to the Department of Hematology 

of the Erasmus University Medical Center (EMC), Rotterdam, the Netherlands, for 

intensive chemotherapy, followed by stem cell mobilization with CAD (cyclophos-

phamide, doxorubicin, dexamethasone), and subsequent intensification with high 

dose melphalan, followed by autologous stem cell transplantation. For intensive 

chemotherapy, patients were randomized between receiving three courses of VAD 

(vincristine, doxorubicin, and dexamethasone) or TAD (thalidomide, doxorubicin, and 

dexamethasone; HOVON-50), and between VAD or BAD (bortezomib, doxorubicin, 

and dexamethasone; HOVON-65). Patients randomized to TAD received thrombo-

prophylaxis (prophylactic dose low-molecular-weight heparin [LMWH]) during TAD. 

Disease stage was classified according to the International Staging System (ISS).

Plasma samples of the 149 patients with symptomatic DVT of the leg (DVT cases) 

and 181 matched controls with a clinical suspicion of DVT, but in whom DVT was 

objectively excluded (DVT controls), were obtained from patients who were referred 

for suspicion of acute symptomatic DVT of the leg to the Academic Medical Center 

(AMC) in Amsterdam, The Netherlands, between September 1999 and May 2006. 
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Malignancy status at the time of DVT evaluation was known for all DVT cases and 

DVT controls. Malignancy was defined as having an active malignancy or receiving 

treatment for a malignancy at the time of DVT evaluation. Patients were categorized 

accordingly; of 149 DVT cases, 26 had a malignancy and 123 did not, of 181 DVT 

controls, 24 had a malignancy and 157 did not.

Blood collection

Venous blood was collected after MM diagnosis but before start of treatment in MM 

patients, and upon DVT evaluation before start of anticoagulant treatment in DVT 

cases and DVT controls. Venous blood was drawn in citrate containing vials (0.105 

M, Beckton-Dikinson, Plymouth, United Kingdom) and plasma was prepared by 

centrifuging twice at 4°C for 10 minutes at 2000g (EMC), or twice at room tempera-

ture for 15 minutes at 1500g (AMC). Plasma was aliquoted and stored at -80°C until 

used. Blood samples were taken after having obtained written informed consent. 

Collection of plasma was approved by the Medical Ethical Committee of the EMC, 

Rotterdam, and of the AMC, Amsterdam, respectively.

Symptomatic VTE

Symptomatic VTE events in MM patients were detected by close clinical monitoring 

of patients during the treatment period, and confirmed using appropriate objective 

radiographic tests. No definitions were stipulated for clinical presentation, which was 

left to the judgement of the attending physician. Symptomatic DVT in DVT cases was 

diagnosed when a proximal leg vein was not compressible on ultrasound or by the 

presence of an intraluminal-filling defect on venography. Proximal DVT was defined 

as a thrombus in the popliteal vein, superficial femoral vein, or common femoral vein. 

If compression ultrasound showed no venous thrombosis and the D-dimer plasma 

level was ≥0.5 mg/L, compression ultrasound was repeated after 7 days. DVT was 

ruled out in case of a Wells score ≤1 in combination with a low D-dimer plasma level 

(<0.5 mg/L). DVT was also ruled out in case of a normal venography or negative 

compression ultrasound in combination with a low D-dimer plasma level (<0.5 mg/L), 

and after a repeated negative ultrasound.

Nucleosome ELISA

Nucleosome levels were assessed with an ELISA as recently described.26 Briefly, 

monoclonal antibody CLB-ANA/60 (Sanquin, Amsterdam, The Netherlands), which 

recognizes histone 3 was used as a catching antibody. Biotinylated F(ab)2 fragments 

of monoclonal antibody CLB-ANA/58 (Sanquin, Amsterdam, The Netherlands), 

which recognizes an epitope exposed on complexes of histone 2A, histone 2B and 

dsDNA, in combination with poly-horseradish peroxidase-labeled streptavidin (San-

quin, Amsterdam, The Netherlands) was used for detection. As a standard we used 
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culture supernatant of Jurkat cells (1x106 cells/ml), cultured for an additional week, 

to obtain 100% apoptotic cells. One unit is the amount of nucleosomes released by 

approximately 100 Jurkat cells. The lower detection limit of the assay was 2.5 U/ml.27 

The reference range for circulating nucleosomes in our laboratory is <10.3 U/ml. The 

inter- and intra-assay coefficient of variation is 8.5% and 4.3%, respectively.

Neutrophil activation (as evidenced by presence of human neutrophil 
EA complexes)

EA complexes were measured by an ELISA that has been adapted from a previously 

described radioimmunoassay.28 Briefly, plates were coated with a polyclonal rabbit 

anti-human neutrophil elastase antibody (1.5 μg/mL; Sanquin, Amsterdam, The 

Netherlands). Standard and samples were diluted in high-performance ELISA buffer 

(HPE; Sanquin, Amsterdam, The Netherlands) + 40 μg/mL bovine IgG. Bound com-

plexes were detected by incubation with biotinylated monoclonal anti-α1-antitrypsin 

antibody (1 μg/mL) in combination with poly-horseradish peroxidase-labeled strep-

tavidin. Results were expressed in ng/mL by reference to a standard curve of normal 

human citrated plasma in which EA complexes were generated by incubating with 

porcine elastase (final concentration 2 μg/mL; Sigma Zwijndrecht, The Netherlands) 

for 15 minutes at room temperature. The lower detection limit of the assay was 2 ng/

ml. The reference range for EA complexes in our laboratory is 8.5 to 55.7 ng/ml. The 

inter- and intra-assay coefficients of variation are 9.5% and 5.7%, respectively.

Statistical analysis

Descriptive statistics were used for analysis of patient characteristics of both MM 

patients as well as DVT cases and DVT controls. Levels of nucleosomes and EA 

complexes were described by medians and interquartile ranges (IQRs). The primary 

aim of this study was to investigate whether nucleosomes and neutrophil activation 

are associated with VTE in patients with newly diagnosed MM. For this analysis, we 

used a nested case-control design within the cohort of MM patients to compare MM 

patients with and without VTE. Mann-Whitney U, Kruskal-Wallis 1-way ANOVA and 

Chi2-tests were used to analyze differences between MM patients with VTE and with-

out VTE and with different ISS disease stage. Associations between nucleosomes, EA 

complexes, and development of VTE during MM treatment, were explored by means 

of logistic regression analysis and expressed as odds ratios (ORs) with corresponding 

95% confidence intervals (CIs). These analyses were performed with nucleosomes 

and EA complexes as categorical variables, created by dividing patients into 2 

groups based on the 80th percentile for MM patients without VTE. This was done for 

separately for nucleosome and EA complex levels, with ≤80th percentile being the ref-

erence category. Potential confounders for the associations between nucleosomes, 

neutrophil activation, and the development of VTE in MM patients (i.e., heavy chain 



95

Nucleosomes, neutrophil activation and MM |

7

type [non-IgG versus IgG)], disease stage [ISS 3 versus 1 or 2] or treatment regimen 

[TAD versus VAD or BAD]) were evaluated using multivariable logistic regression 

models. Associations between nucleosomes, EA complexes, and the time to VTE 

event, were explored by means of Cox regression analysis and expressed as hazard 

ratios (HRs) with corresponding 95% CIs. The secondary aim of this study was to 

investigate whether nucleosomes and neutrophil activation are associated with MM 

or other malignancies, in addition to VTE. For this analysis, Mann-Whitney U tests 

were also used to analyze differences in levels of nucleosomes and EA complexes 

between MM patients, DVT cases and DVT controls with other malignancies, and 

DVT cases and DVT controls without malignancy. Statistical analyses were performed 

with IBM SPSS Statistics software for Windows (version 22; IBM, Armonk, NY, USA) 

and GraphPad Prism for Windows, version 5 (GraphPad Software Inc, San Diego, CA, 

USA, www.graphpad.com). Statistical significance in all analyses was set at P<0.05.

results

Characteristics of patients with MM

Patient baseline characteristics of the 131 MM patients are shown in Table 1. 19 of 

131 patients (14.5%) developed VTE during MM treatment. VTE events included DVT 

of the leg (n=8), pulmonary embolism (n=8), and upper limb venous thrombosis (n=3; 

Table 2). There was no difference in VTE incidence between patients randomized to 

VAD, TAD or BAD treatment. The prothrombin G20210A mutation was significantly 

more prevalent in MM patients with VTE than in patients without VTE during treat-

ment (15.8% vs. 1.8%; p=0.023; Table 1).

Primary analysis: Nucleosomes and neutrophil activation in patients 
with MM

We used a nested case-control design within the cohort of MM patients to compare 

MM patients with and without VTE, and to analyze the association between nucleo-

somes, neutrophil activation and VTE. Levels of circulating nucleosomes (median 

39.5 U/mL; interquartile range [IQR] 7.9-156.8, versus median 25.6 U/mL; IQR 10.9-

76.4; p=0.61) and neutrophil activation, as evidenced by presence of EA complexes 

(median 30.1 U/mL; IQR 22.6-39.3, versus median 31.6 U/mL; IQR 24.3-46.0; p=0.45), 

did not differ between patients with and without VTE during MM treatment (Table 1; 

Figures 1A and 1B).

There was no association between high levels of circulating nucleosomes and VTE 

(nucleosomes >80th percentile of non-VTE MM patients: OR 0.5; 95% CI 0.18-1.55; 

p=0.25), and neither between high levels of neutrophil activation and VTE (EA com-

plexes >80th percentile of non-VTE MM patients: OR 2.1; 95% CI 0.45-9.67; p=0.35). 
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Table 1. Patient baseline characteristics of patients with multiple myeloma

MM patients;
total (N=131)

MM patients;
with VTE (N=19)

MM patients;
without VTE 

(N=112) p-value*

Age at inclusion, median (IQR) 55.5 (29-65) 51 (46-57) 56 (49-60) 0.05

Male, n (%) 76 (58.0) 10 (52.6) 66 (58.9) NS

Baseline hemoglobin; mmol/l, 
median (IQR)

6.9 (4.0-10.1) 7.4 (5.2-8.7) 6.8 (4.0-10.1) NS

Baseline leukocytes; x10^9/l, 
median (IQR)

5.6 (0.9-17.8) 6.6 (0.9-10.7) 5.6 (1.3-17.8) NS

Baseline platelets; x10^9/l, 
median (IQR)

242 (65-446) 259 (130-383) 236 (65-446) NS

Monoclonal protein light chain NS

kappa, n (%) 90 (68.7) 15 (78.9) 75 (67.0) 

lambda, n (%) 40 (30.5) 4 (21.1) 36 (32.1) 

missing, n (%) 1 (0.8) 1 (0.9) 

Monoclonal protein heavy chain NS

IgG, n (%) 78 (59.5) 8 (42.1) 70 (67.0) 

non-IgG, n (%) 42 (32.1) 10 (52.6) 32 (28.6) 

missing, n (%) 11 (8.4) 1 (5.3) 10 (8.9) 

ISS stage NS

1 41 (31.3) 10 (52.6) 31 (27.7) 

2 70 (53.4) 7 (36.8) 63 (56.3) 

3 20 (15.3) 2 (10.5) 18 (16.1) 

Treatment induction NS

VAD, n (%) 73 (55.7) 9 (47.4) 64 (57.1)

TAD, n (%) 42 (32.1) 8 (42.1) 34 (30.4) 

BAD, n(%) 16 (12.2) 2 (10.5) 14 (12.5) 

Thrombophilia

Factor V Leiden mutation, 
n (%) 

3 (2.3) 0 3 (2.7) NS 

Prothrombin G20210A 
mutation, n (%) 

5 (3.8) 3 (15.8) 2 (1.8) 0.02 

Nucleosome levels,  
median (IQR)

26.0 (10.8-78.7) 39.5 (7.9-156.8) 25.6 (10.9-76.4) NS

EA complexes levels,  
median (IQR)

31.2 (24.3-45.5) 30.1 (22.6-39.3) 31.6 (24.3-46.0) NS

BAD = bortezomib, doxorubicin, and dexamethasone; EA complexes = human neutrophil elastase–
α1-antitrypsin complexes; MM = multiple myeloma; NS = not significant; TAD = thalidomide, doxo-
rubicin, and dexamethasone; VAD = vincristine, doxorubicin, and dexamethasone VTE = venous 
thromboembolism. *of comparison MM patients with VTE versus MM patients without VTE.
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Adjustment for heavy chain type non-IgG, ISS stage 3, or TAD treatment, did not 

alter these results. An association between elevated levels of nucleosomes or EA 

complexes (>80th percentile of non-VTE MM patients), and time to VTE, could also 

not be found (nucleosomes: HR 0.5; 95% CI 0.13-1.68; EA complexes: HR 1.4; 95% CI 

0.30-6.28).

A significant difference was observed between median levels of EA complexes and 

the three ISS disease stages (Kruskal-Wallis 1-way ANOVA, p=0.03), while a similar, 

non-significant, trend was seen for median levels of nucleosomes and higher ISS 

disease stage (p=0.11; Figures 2A and 2B). No association was found between ISS 

stage and VTE (ISS 1 vs. ISS 3 OR 0.3; 95% CI 0.07-1.75, ISS 2 vs. ISS 3 OR 1.0; 95% 

CI 0.19-5.24).

Table 2. MM patients with VTE during treatment

Patient
(sex; age)

VTE 
type

ISS 
stage

Treatment 
regimen Timing of VTE event

Time to VTE from 
inclusion (days)

F; 51 PE 1 VAD after induction / during HDM 233

M; 47 DVT 2 VAD during induction 47

M; 39 DVT 1 VAD before start of treatment -34 (before treatment)

F; 61 DVT 1 VAD during induction 78

F; 44 CVC 1 VAD after induction / during HDM 154

F; 46 CVC 3 TAD after induction / during HDM 213

M; 51 PE 2 TAD during induction 78

M; 52 CVC 2 TAD during induction 17

M; 42 PE* 1 TAD during induction 98

M; 56 PE* 2 TAD during induction 159

F; 54 DVT 1 TAD after induction / during HDM 777

F; 46 DVT 1 TAD during induction 61

M; 54 DVT 2 VAD during induction 93

F; 58 PE 1 TAD during induction 75

M; 60 PE 3 VAD during induction 48

F; 51 DVT 1 VAD before start of treatment -28 (before treatment)

M; 38 DVT 2 BAD during induction 57

M; 57 PE 1 BAD during induction 9

F; 65 PE 2 VAD during induction 57

* = also arterial thrombotic event (after VTE).
BAD = bortezomib, doxorubicin, and dexamethasone; CVC = central venous catheter-related VTE; 
DVT = deep vein thrombosis of the leg; EA complexes = human neutrophil elastase-α1-antitrypsin 
complexes; HDM = high dose melphalan treatment; MM = multiple myeloma; PE = pulmonary em-
bolism; TAD = thalidomide, doxorubicin, and dexamethasone; VAD = vincristine, doxorubicin, and 
dexamethasone; VTE = venous thromboembolism.
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Secondary analysis: Patients with MM, DVT cases and DVT controls 
with other malignancies, and DVT cases and DVT controls without 
malignancy

Of 149 patients with symptomatic DVT of the leg (DVT cases), 26 patients had a 

malignancy and 123 did not. Of 181 matched controls without DVT (DVT controls), 

24 had a malignancy and 157 did not. Table 3A shows baseline characteristics of the 

 

Figure 1. Levels of nucleosomes and human neutrophil elastase-α1-antitrypsin (EA) complexes in 
patients with multiple myeloma, with and without VTE
Median levels of circulating nucleosomes (1A) and neutrophil EA complexes (1B) in patients with 
multiple myeloma, with and without VTE. Bars represent interquartile ranges (IQR).

 

Figure 2. Levels of nucleosomes and human neutrophil elastase-α1-antitrypsin (EA) complexes in 
patients with multiple myeloma, by International Staging System (ISS) disease stage.
Median levels of circulating nucleosomes by ISS disease stage 1, 2 or 3 (2A), and of neutrophil EA 
complexes by ISS disease stage 1, 2 or 3 (2B), in patients with multiple myeloma. Bars represent 
interquartile ranges (IQR).
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Table 3B. Characteristics of DVT controls, with malignancies and without malignancy

All DVT 
controls 
(N=181)

With 
malignancy

N=24

Without 
malignancy

N=157 p-value*

Median age upon DVT evaluation, 
years (IQR)

56 (47-71) 64 (54-78) 55 (45-69) 0.011

Male sex, n (%) 81 (44.8) 13 (54.2) 68 (43.3) NS

Type of malignancy

Hematological malignancy, n (%) 1 (4.5) 

Breast cancer, n (%) 4 (18.2) 

Gastrointestinal cancer, n (%) 2 (9.1) 

Pancreatic cancer, n (%) - 

Lung cancer, n (%) 4 (18.2) 

Prostate cancer, n (%) 5 (22.7) 

Skin cancer, n (%) 2 (9.1) 

Other, n (%) 1 (4.5) 

Unknown, n (%) 3 (13.6) 

Nucleosome levels, median (IQR) 9.0 (5.0-17.0) 11.0 (5.8-28.8) 8.0 (5.0-16.5) NS

EA complexes levels, median (IQR) 44.0 (33.0-55.0) 47.0 (30.5-62.5) 44.0 (33.0-55.0) NS

DVT = deep vein thrombosis of the leg; EA = human neutrophil elastase-α1-antitrypsin; IQR = in-
terquartile range; NS = not significant. *of comparison DVT controls with malignancy versus DVT 
controls without malignancy.

Table 3A. Characteristics of DVT cases, with malignancies and without malignancy

All DVT cases
N=149

With 
malignancy

N=26

Without 
malignancy

N=123 p-value*

Median age upon DVT evaluation, 
years (IQR)

57 (45-70) 64 (55-74) 55 (43-68) 0.026

Male sex, n (%) 69 (46.3) 11 (42.3) 58 (47.2) NS

Type of malignancy

Hematological malignancy, n (%) 2 (8.3) 

Breast cancer, n (%) 5 (20.8) 

Gastrointestinal cancer, n (%) 5 (20.8) 

Pancreatic cancer, n (%) 2 (8.3) 

Lung cancer, n (%) 1 (4.2) 

Prostate cancer, n (%) 1 (4.2) 

Skin cancer, n (%) 1 (4.2) 

Other, n (%) 6 (25.0) 

Unknown, n (%) 1 (4.2) 

Nucleosome levels, median (IQR) 17.0 (8.5-35.0) 35.5 (12.5-55.8) 16.0 (8.0-32.0) 0.004

EA complexes levels, median (IQR) 53.0 (42.6-71.0) 59.0 (46.0-72.3) 51.0 (41.8-71.3) NS

DVT = deep vein thrombosis of the leg; EA = human neutrophil elastase-α1-antitrypsin; IQR = in-
terquartile range; NS = not significant. *of comparison DVT patients with malignancy versus DVT 
patients without malignancy.
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149 DVT cases with malignancy and without malignancy, and Table 3B of the 181 DVT 

controls with malignancy and without malignancy.

Patients with MM and VTE had similar levels of nucleosomes compared with DVT 

cases with other malignancies, and significantly higher levels compared with DVT 

cases without malignancy. MM patients without VTE had significantly higher levels 

of nucleosomes compared with DVT controls, irrespective of malignancy status (Fig-

ures 3A and 3B). In contrast, patients with MM, irrespective of VTE, had significantly 

lower levels of EA complexes compared with both DVT cases and DVT controls, 

irrespective of malignancy status (Figures 4A and 4B).

discussion

In this study, we observed elevated levels of nucleosomes in patients with MM in 

comparison with DVT cases with other malignancies and without malignancy, and 

DVT controls with other malignancies and without malignancy, while levels of neutro-

phil activation were significantly lower in all comparisons.

Figure 3. Levels of nucleosomes in patients with multiple myeloma (MM) with and without venous 
thromboembolism (VTE), compared with deep vein thrombosis (DVT) of the leg cases with other ma-
lignancies or without malignancy, and DVT controls with other malignancies or without malignancy
Median levels of circulating nucleosomes in patients with MM with VTE during treatment, compared 
with DVT cases with other malignancies or without malignancy (3A), and in patients with MM without 
VTE during treatment, compared with DVT controls with other malignancies or without malignancy 
(3B). Bars represent interquartile ranges (IQR).
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Although high levels of nucleosomes in MM patients may indicate a hypercoagu-

lable state, our results also showed that there was no association between circulating 

nucleosomes, neutrophil activation, and VTE in MM patients. In addition, there was 

no difference in median levels of nucleosomes or neutrophil activation between MM 

patients with or without VTE during treatment. These results are in line with previous 

studies on prothrombotic abnormalities and VTE in patients with MM. High levels of 

von Willebrand factor, factor VIII, D-dimer and tissue factor have been observed in 

patients with MM, but no association could be found between high levels of these 

biomarkers and VTE during MM treatment.5-7, 29 

The analyzed plasma samples were taken before start of MM treatment, and not 

at the acute moment of VTE diagnosis. Therefore, it is possible that we may have 

missed an important elevation of nucleosomes and neutrophil activation at the acute 

moment of VTE onset, and thereby an association between nucleosomes, neutrophil 

activation and VTE. The lack of association between elevated levels of nucleosomes, 

or coagulation factors, and VTE suggests that VTE cannot be predicted upon diag-

nosis in MM patients, or that VTE during MM treatment is not causally associated 

Figure 4. Levels of neutrophil activation, as evidenced by presence of human neutrophil elastase-α1-
antitrypsin (EA) complexes, in patients with multiple myeloma (MM) with and without venous throm-
boembolism (VTE), compared with deep vein thrombosis (DVT) of the leg cases and DVT controls, 
with other malignancies or without malignancy
Median levels of EA complexes in patients with MM with VTE during treatment, compared with DVT 
cases with other malignancies or without malignancy (4A), and in patients with MM without VTE dur-
ing treatment, compared with DVT controls with other malignancies or without malignancy (4B). Bars 
represent interquartile ranges (IQR).
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with elevated levels of nucleosomes or coagulation factors. The latter suggestion is 

supported by the fact that aspirin is similarly effective for primary prevention of VTE 

during MM treatment compared with LMWH or vitamin K antagonists.30, 31 These ob-

servations propose that other mechanisms, e.g. platelet activation and aggregation, 

may be of greater importance for MM-related VTE than procoagulant mechanisms.

A significant difference was found between median levels of neutrophil activation 

(EA complexes) and higher ISS disease stage, together with a non-significant trend 

between higher median levels of nucleosomes and higher ISS disease stage. This 

is in line with previous studies, in which higher levels of von Willebrand factor and 

factor VIII were demonstrated with more severe disease stage of MM.4, 5 Mechanisms 

underlying higher levels of these biomarkers with more severe MM could be related 

to increased cytokine release in patients with more severe disease stage.4 Indeed, 

IL-6 levels in patients with MM have been shown to reflect disease severity.3 IL-6 can 

also activate neutrophils; hence, the observed increase in median levels of neutro-

phil activation with higher ISS disease stage may be a reflection of higher IL-6 levels 

according to disease severity. We did not find an association between ISS disease 

stage and VTE in our study. Further studies are therefore needed to determine the 

role of activated neutrophils in the pathogenesis of MM.

The source and clinical relevance of high levels of nucleosomes in patients with 

MM require further investigation. As levels of EA complexes were contrastingly 

low, circulating nucleosomes in MM patients do not seem directly correlated with 

neutrophil activation. Hence, nucleosomes in MM patients likely derive from other 

sources than activated neutrophils or NETs formation, such as death of endothe-

lial cells, parenchymal cells and /or tumor cells, which implies plasma cells in our 

study population.32, 33 This is in line with studies that have demonstrated presence 

of cell-free (tumor) DNA in plasma of cancer patients.34 In studies with colorectal 

cancer or lymphoma patients, cell-free DNA was used as prognostic marker and for 

disease monitoring.35, 36 Cell-free DNA in cancer patients is suggested to derive from 

active release by highly proliferating cells and deceased cells (after apoptosis), as 

well as from interactions between tumor and adjacent non-tumor cells.34, 37, 38 Indeed, 

protease mediated nucleosome release from apoptotic cells by factor VII activating 

protease (FSAP), together with DNAse I from necrotic cells, has been observed in 

human plasma.39, 40 Hence, elevated levels of nucleosomes in patients with MM may 

be a marker of plasma cell injury and plasma cell death rather than of coagulation 

activation. This would explain the absence of an association between nucleosomes, 

neutrophil activation and VTE during MM treatment. Whether nucleosomes are 

also suitable as prognostic marker, or for disease monitoring in patients with MM, 

requires further research.
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We observed significantly higher levels of nucleosomes in patients with MM com-

pared with DVT cases without malignancy, as well as with DVT controls with other 

malignancies and without malignancy. High levels of circulating DNA have previously 

been described in patients with MM in comparison with patients with colorectal 

cancer or healthy individuals.41, 42 It is possible that plasma cells in MM more actively 

undergo apoptosis, and/ or more actively release nucleosomes in comparison with 

other types of cancer cells. However, additional research is needed to confirm this.

Further studies are also required to clarify the significantly lower levels of neutro-

phil activation observed in patients with MM compared with DVT cases and DVT 

controls, irrespective of malignancy status. This could be due to the different timing 

of blood collection; blood was collected before start of treatment in MM patients 

and not upon VTE diagnosis, whereas it was collected at the acute moment of DVT 

evaluation in DVT cases and controls. However, neutrophil activation may also be 

impaired in MM patients. Previous studies have described attenuation of neutrophil 

activation in MM due to the use of thalidomide,43 and defective neutrophil matura-

tion due to bone marrow infiltration in MM.44

In conclusion, elevated levels of circulating nucleosomes were found in patients with 

MM, but there was no association between nucleosomes, neutrophil activation, and 

VTE during MM treatment. Our results suggest that nucleosomes in MM are a marker 

of plasma cell death rather than of neutrophil or coagulation activation. However, 

further studies are needed to investigate the source and clinical and prognostic 

relevance of nucleosomes in MM.

acknowledGements

The authors would like to thank J. Boender MD, PhD-student at the Dept. of Hema-

tology, Erasmus University MC, and E.J. Libourel, MD PhD, internist-hematologist 

at the Sint Franciscus Hospital, Rotterdam, The Netherlands, for assisting in patient 

data retrieval.



| Chapter 7

104

references

 1. Kristinsson SY, Pfeiffer RM, Bjorkholm M et al. Arterial and venous thrombosis in monoclonal gam-

mopathy of undetermined significance and multiple myeloma: a population-based study. Blood 2010 

Jun;115(24):4991-8.

 2. Zangari M, Saghafifar F, Mehta P et al. The blood coagulation mechanism in multiple myeloma. Semin 

Thromb Hemost 2003 Jun;29(3):275-82.

 3. Bataille R, Jourdan M, Zhang XG et al. Serum levels of interleukin 6, a potent myeloma cell growth 

factor, as a reflect of disease severity in plasma cell dyscrasias. J Clin Invest 1989 Dec;84(6):2008-11.

 4. Stouthard JM, Levi M, Hack CE et al. Interleukin-6 stimulates coagulation, not fibrinolysis, in humans. 

Thromb Haemost 1996 Nov;76(5):738-42.

 5. Auwerda JJ, Sonneveld P, De Maat MP et al. Prothrombotic coagulation abnormalities in patients with 

newly diagnosed multiple myeloma. Haematologica 2007 Feb;92(2):279-80.

 6. van Marion AM, Auwerda JJ, Lisman T et al. Prospective evaluation of coagulopathy in multiple 

myeloma patients before, during and after various chemotherapeutic regimens. Leuk Res 2008 

Jul;32(7):1078-84.

 7. Auwerda JJ, Yuana Y, Osanto S et al. Microparticle-associated tissue factor activity and venous throm-

bosis in multiple myeloma. Thromb Haemost 2011 Jan;105(1):14-20.

 8. Zamagni E, Brioli A, Tacchetti P et al. Multiple myeloma, venous thromboembolism, and treatment-

related risk of thrombosis. Semin Thromb Hemost 2011 Apr;37(3):209-19.

 9. Rajkumar SV, Gertz MA, Lacy MQ et al. Thalidomide as initial therapy for early-stage myeloma. Leu-

kemia 2003 Apr;17(4):775-9.

 10. Zangari M, Tricot G, Polavaram L et al. Survival effect of venous thromboembolism in patients with 

multiple myeloma treated with lenalidomide and high-dose dexamethasone. J Clin Oncol 2010 

Jan;28(1):132-5.

 11. Zangari M, Anaissie E, Barlogie B et al. Increased risk of deep-vein thrombosis in patients with mul-

tiple myeloma receiving thalidomide and chemotherapy. Blood 2001 Sep;98(5):1614-5.

 12. Zonder JA, Barlogie B, Durie BG et al. Thrombotic complications in patients with newly diagnosed 

multiple myeloma treated with lenalidomide and dexamethasone: benefit of aspirin prophylaxis. 

Blood 2006 Jul;108(1):403.

 13. Lonial S, Richardson PG, San MJ et al. Characterisation of haematological profiles and low risk of 

thromboembolic events with bortezomib in patients with relapsed multiple myeloma. Br J Haematol 

2008 Oct;143(2):222-9.

 14. Brinkmann V, Reichard U, Goosmann C et al. Neutrophil extracellular traps kill bacteria. Science 2004 

Mar;303(5663):1532-5.

 15. Massberg S, Grahl L, von Bruehl ML et al. Reciprocal coupling of coagulation and innate immunity via 

neutrophil serine proteases. Nat Med 2010 Aug;16(8):887-96.

 16. Fuchs TA, Brill A, Duerschmied D et al. Extracellular DNA traps promote thrombosis. Proc Natl Acad 

Sci U S A 2010 Sep;107(36):15880-5.

 17. von Bruhl ML, Stark K, Steinhart A et al. Monocytes, neutrophils, and platelets cooperate to initiate 

and propagate venous thrombosis in mice in vivo. J Exp Med 2012 Apr;209(4):819-35.

 18. Brill A, Fuchs TA, Savchenko AS et al. Neutrophil extracellular traps promote deep vein thrombosis in 

mice. J Thromb Haemost 2012 Jan;10(1):136-44.

 19. Amoura Z, Piette JC, Bach JF et al. The key role of nucleosomes in lupus. Arthritis Rheum 1999 

May;42(5):833-43.

 20. Zeerleder S, Zwart B, Wuillemin WA et al. Elevated nucleosome levels in systemic inflammation and 

sepsis. Crit Care Med 2003 Jul;31(7):1947-51.

 21. Fuchs TA, Kremer Hovinga JA, Schatzberg D et al. Circulating DNA and myeloperoxidase indicate 

disease activity in patients with thrombotic microangiopathies. Blood 2012 Aug;120(6):1157-64.

 22. van Montfoort ML, Stephan F, Lauw MN et al. Circulating nucleosomes and neutrophil activation as 

risk factors for deep vein thrombosis. Arterioscler Thromb Vasc Biol 2013 Jan;33(1):147-51.



105

Nucleosomes, neutrophil activation and MM |

7

 23. Demers M, Krause DS, Schatzberg D et al. Cancers predispose neutrophils to release extracel-

lular DNA traps that contribute to cancer-associated thrombosis. Proc Natl Acad Sci U S A 2012 

Aug;109(32):13076-81.

 24. Lokhorst HM, van der Holt B, Zweegman S et al. A randomized phase 3 study on the effect of 

thalidomide combined with adriamycin, dexamethasone, and high-dose melphalan, followed by 

thalidomide maintenance in patients with multiple myeloma. Blood 2010 Feb;115(6):1113-20.

 25. Sonneveld P, Schmidt-Wolf IG, van der Holt B et al. Bortezomib induction and maintenance treatment 

in patients with newly diagnosed multiple myeloma: results of the randomized phase III HOVON-65/ 

GMMG-HD4 trial. J Clin Oncol 2012 Aug;30(24):2946-55.

 26. Zeerleder S, Zwart B, Te Velthuis H et al. A plasma nucleosome releasing factor (NRF) with serine 

protease activity is instrumental in removal of nucleosomes from secondary necrotic cells. FEBS Lett 

2007 Nov;581(28):5382-8.

 27. van Nieuwenhuijze AE, van Lopik T, Smeenk RJ et al. Time between onset of apoptosis and release 

of nucleosomes from apoptotic cells: putative implications for systemic lupus erythematosus. Ann 

Rheum Dis 2003 Jan;62(1):10-4.

 28. Nuijens JH, Abbink JJ, Wachtfogel YT et al. Plasma elastase alpha 1-antitrypsin and lactoferrin in 

sepsis: evidence for neutrophils as mediators in fatal sepsis. J Lab Clin Med 1992 Feb;119(2):159-68.

 29. Crowely MP, Quinn S, Coleman E et al. Differing coagulation profiles of patients with monoclonal 

gammopathy of undetermined significance and multiple myeloma. J Thromb Thrombolysis 2015 

Feb;39(2):245-9.

 30. Palumbo A, Cavo M, Bringhen S et al. Aspirin, warfarin, or enoxaparin thromboprophylaxis in patients 

with multiple myeloma treated with thalidomide: a phase III, open-label, randomized trial. J Clin 

Oncol 2011 Mar;29(8):986-93.

 31. Larocca A, Cavallo F, Bringhen S et al. Aspirin or enoxaparin thromboprophylaxis for patients with 

newly diagnosed multiple myeloma treated with lenalidomide. Blood 2012 Jan;119(4):933-9.

 32. Zeerleder S, Zwart B, Wuillemin WA et al. Elevated nucleosome levels in systemic inflammation and 

sepsis. Crit Care Med 2003 Jul;31(7):1947-51.

 33. Saffarzadeh M, Juenemann C, Queisser MA et al. Neutrophil extracellular traps directly induce epi-

thelial and endothelial cell death: a predominant role of histones. PLoS One 2012;7(2):e32366.

 34. Jahr S, Hentze H, Englisch S et al. DNA fragments in the blood plasma of cancer patients: quantitations 

and evidence for their origin from apoptotic and necrotic cells. Cancer Res 2001 Feb;61(4):1659-65.

 35. Spindler KL, Pallisgaard N, Andersen RF et al. Circulating free DNA as biomarker and source for 

mutation detection in metastatic colorectal cancer. PLoS One 2015;10(4):e0108247.

 36. Roschewski M, Dunleavy K, Pittaluga S et al. Circulating tumour DNA and CT monitoring in patients 

with untreated diffuse large B-cell lymphoma: a correlative biomarker study. Lancet Oncol 2015 Apr.

 37. Anker P. Quantitative aspects of plasma/serum DNA in cancer patients. Ann N Y Acad Sci 2000 

Apr;906:5-7.

 38. Kuroi K, Tanaka C, Toi M. Clinical significance of plasma nucleosome levels in cancer patients. Int J 

Oncol 2001 Jul;19(1):143-8.

 39. Zeerleder S, Zwart B, te Velthuis H et al. Nucleosome-releasing factor: a new role for factor VII-

activating protease (FSAP). FASEB J 2008 Dec;22(12):4077-84.

 40. Stephan F, Marsman G, Bakker LM et al. Cooperation of factor VII-activating protease and serum 

DNase I in the release of nucleosomes from necrotic cells. Arthritis Rheumatol 2014 Mar;66(3):686-93.

 41. Deligezer U, Erten N, Akisik EE et al. Circulating fragmented nucleosomal DNA and caspase-3 mRNA 

in patients with lymphoma and myeloma. Exp Mol Pathol 2006 Feb;80(1):72-6.

 42. Gezer U, Mert U, Ozgur E et al. Correlation of histone methyl marks with circulating nucleosomes in 

blood plasma of cancer patients. Oncol Lett 2012 May;3(5):1095-8.

 43. Yasui K, Kobayashi N, Yamazaki T et al. Thalidomide as an immunotherapeutic agent: the effects on 

neutrophil-mediated inflammation. Curr Pharm Des 2005;11(3):395-401.

 44. Karle H, Hansen NE, Plesner T. Neutrophil defect in multiple myeloma. Studies on intraneutrophilic 

lysozyme in multiple myeloma and malignant lymphoma. Scand J Haematol 1976 Jul;17(1):62-70.




