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1   |   INTRODUCTION

Gliomas, the most frequent primary brain tumours, 
include glioblastoma (GBM), the most common and 
aggressive subtype with a median overall survival of 

14–17 months. However, only a few risk factors for glioma 
have been identified, including genetic predisposition and 
high doses of ionising radiation.1,2 Thus, glioma aetiology 
remains unknown for the majority of patients. Previous 
studies have shown an inverse relationship between 
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Abstract
No strong aetiological factors have been established for glioma aside from ge-
netic mutations and variants, ionising radiation and an inverse relationship with 
asthmas and allergies. Our aim was to investigate the association between pre-
diagnostic immune protein levels and glioma risk. We conducted a case–control 
study nested in the Northern Sweden Health and Disease Study cohort. We ana-
lysed 133 glioma cases and 133 control subjects matched by age, sex and date 
of blood donation. ELISA or Luminex bead-based multiplex assays were used 
to measure plasma levels of 19 proteins. Conditional logistic regression models 
were used to estimate the odds ratios and 95% CIs. To further model the pro-
tein trajectories over time, the linear mixed-effects models were conducted. We 
found that the levels of sVEGFR2, sTNFR2, sIL-2Rα and sIL-6R were associated 
with glioma risk. After adjusting for the time between blood sample collection 
and glioma diagnosis, the odds ratios were 1.72 (95% CI = 1.01–2.93), 1.48 (95% 
CI = 1.01–2.16) and 1.90 (95% CI = 1.14–3.17) for sTNFR2, sIL-2Rα and sIL-6R, 
respectively. The trajectory of sVEGFR2 concentrations over time was different 
between cases and controls (p-value = 0.031), increasing for cases (0.8% per year) 
and constant for controls. Our findings suggest these proteins play important 
roles in gliomagenesis.
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asthma and allergies and glioma risk, potentially indicat-
ing subtle immune dysregulation is involved in glioma 
development.3 Studies over the past two decades have pro-
vided important information on the role of the immune 
system in gliomagenesis.4 As cytokines are chemical mes-
sengers that regulate the innate and adaptive immune 
systems, the interaction with their receptors which can 
affect proliferation, angiogenesis and aggressiveness––
might play an important role in glioma progression.5,6 
Interestingly, haematological malignancies and glioma 
have some common aetiological pathways, such as ex-
posure to ionising radiation and an inverse relationship 
with asthma and allergies.7 In lymphoma studies, analy-
sis of several relevant proteins, including sCD23, sCD27, 
sCD30 and CXCL13, in pre-diagnostic plasma samples 
have shown a significant difference between cases and 
controls even several years before diagnosis.8,9 However, 
little is known about how the subclinical immunologic 
perturbations influence glioma risk. So far, only two stud-
ies investigated the association between pre-diagnostic 
proteins and glioma.10–12 Schwartzbaum et al., who eval-
uated 277 serum proteins in 487 case–control sets, found 
that VEGF, beta-catenin, CCL22, LIF, sIL-10RB, IL-4 and 
sIL-4Rα were associated with glioma risk.12 Brenner et al., 
who evaluated 14 serum proteins in 457 case–control sets, 
found that IL-15 and IL-16 were associated with lower 
glioma risks.10 However, these results have not been con-
firmed. Here, we selected 19 immune proteins that might 
be involved in the development of glioma. Specifically, we 
evaluated the protein levels in pre-diagnostic plasma sam-
ples from 133 glioma patients and 133 matched controls in 
a nested case–control study within the population-based 
Northern Sweden Health and Disease Study (NSHDS). 
We hypothesised that altered protein levels are associated 
with glioma risk. To gain further insight into the patterns 
of immune proteins in gliomagenesis according to the 
time between blood sample collection and glioma diagno-
sis, we investigated the protein trajectories over time in 
cases and controls.

2   |   MATERIALS AND METHODS

2.1  |  Study population

The present study is a case–control study nested within 
the population-based NSHDS cohort, which consists of 
three sub-cohorts. Plasma samples used in the present 
study were collected from participants in two of these sub-
cohorts: the Västerbotten Intervention Programme (VIP) 
and Mammography Screening Project (MA). Since 1985, 
VIP has invited all residents of Västerbotten County to a 
general health check-up at 40, 50 and 60 years of age. MA 

collected blood samples in connection with mammogra-
phy screening visits between 1995 and 2006. The cohort 
consists of women aged 18–82 years, although 95% were 
between 48 and 70  years. Informed consent for cancer 
research and lifestyle diseases was collected according to 
the Helsinki Declaration. Glioma cases (ICD-7 code 193 
and histopathological codes 475 and 476) were identified 
through linkage with the Swedish Cancer Registry for the 
period 1982–2013. For each case, one control was ran-
domly selected from the eligible subjects and individually 
matched by age (±5 months), sex and date of blood dona-
tion (±2 months). Controls were alive and free of cancer 
at the time of diagnosis of the matched case.

2.2  |  Protein analysis

We measured plasma concentrations of 19 immune 
proteins, including cytokines, chemokines, growth fac-
tors and soluble receptors. Plasma samples collected in 
EDTA plasma vacutainers were frozen within 1 h of blood 
sampling and stored at −80°C at the Medical Biobank 
at Umeå University. Sixteen proteins were measured 
on four Luminex bead-based commercial assay panels 
(Millipore), including monocyte chemoattractant protein 
(MCP)-3, macrophage inflammatory protein (MIP)-1α, 
MIP-1β, vascular endothelial growth factor (VEGF), fi-
broblast growth factor (FGF)-2, fractalkine, transforming 
growth factor (TGF)-α, interleukin (IL)-13, tumour necro-
sis factor (TNF)-α, IL-10 (by Milliplex HCYTOMAG-60K 
kit), soluble interleukin 2 receptor alpha (sIL-2Rα), sIL-
6R, sTNFR2, sVEGFR2 (by Milliplex HSCRMAG-32K kit), 
chemokine C-X-C motif ligand 13 (CXCL13) and sTNFR1 
(by LXSAHM kit, R&D Systems). Three proteins––soluble 
CD23 (sCD23), sCD27 and sCD30––were measured using 
ELISA assays (eBioscience).

Cases and matched controls with their repeated sam-
ples were included in the same block and randomly placed 
on the analysis plates to minimise the plate-mediated ef-
fect. Samples from the same case–control set were placed 
on the same plate, although a few samples (from eight 
case–control sets) were placed on separate but adjacent 
plates due to limited space. Samples within each block 
were plated at random. Laboratory analyses were per-
formed by laboratory personnel blinded to case–control 
status and chronological order of the samples. The same 
laboratory technician performed all analyses according to 
the manufacturer's instructions.

Each sample was measured twice (except sCD30 due to 
limited plasma volume) and averaged to calculate concen-
trations. Table S1 shows the per cent detected above the 
lower limit of detection (LLOD) and coefficients of varia-
tion (CVs) of the 19 proteins.
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2.3  |  Statistical analyses

First, we investigated the association between the concen-
tration of each protein and glioma risk using conditional 
logistic regression model to estimate odds ratios (ORs) and 
95% confidence intervals (CIs). Protein measurement was 
natural log-transformed and treated as a continuous varia-
ble. Robust sandwich variances were estimated to account 
for correlations amongst multiple measurements from the 
same matched set. The sample collection time, defined as 
years before the date of diagnosis amongst cases and cor-
responding reference time for controls, was included in 
the model as a confounder or effect modifier. Second, to 
further model the protein trajectories over time, we used 
the linear mixed-effects models, which accounted for the 
repeated measurement structure in the dataset. Models 
were specified with a linear term for sample collection 
time. Pearson correlation coefficient was used to meas-
ure the correlation between the 19 proteins. For the sub-
jects who denoted two pre-diagnostic samples, the sample 
closer to diagnosis was chosen. As glioma is highly het-
erogeneous, we performed a sensitivity analysis that only 
included GBM cases (SNOMED code 94403) and matched 
controls. All p-values were two-sided, and a value of 0.05 
or less was considered statistically significant. Statistical 
analysis was performed in R version 3.6.0 (R Foundation 
for Statistical Computing) using the ‘survival’ and ‘lme4’ 
packages.13,14

3   |   RESULTS

We identified 133 individuals diagnosed with a glioma be-
tween 1992 and 2013 who had donated one (n = 68) or two 
(n = 65) pre-diagnostic blood samples to NSHDS (Table 1 
and Table S2). The average age of diagnosis was 60.6 years 
(SD = 9.19). There were 81 (61.8%) GBM cases. The aver-
age times between blood samplings and diagnoses were 
8.0, 11.8 and 4.3 years for single, first and repeated pre-
diagnostic samples, respectively. Nearly identical distribu-
tion of sex, age and sample collection times between cases 
and controls was evidence of the validity of the matched 
design (Table 1).

Table 2 shows the summary statistics for the circulat-
ing protein levels in cases and controls. Of the studied 
proteins, statistically significant associations with risk of 
glioma were found for sVEGFR2, sIL-2Rα, sTNFR2 and 
sIL-6R (Table 3). The risk of glioma on sVEGFR2 varies by 
the sample collection time (interaction p-value = 0.015). 
The OR for sVEGFR2 increased by a factor of 1.12 with 
each year to diagnosis. As shown in Figure 1A, the con-
centration of sVEGFR2 increased with time in cases 
(0.8% per year, p-value = 0.02) but remained constant in 

controls (0.2% decrease per year, p-value  =  0.51). After 
adjusting for the sample collection time, the ORs were 
1.72 (95% CI: 1.01–2.93), 1.48 (95% CI: 1.01–2.16) and 1.90 
(95% CI: 1.14–3.17) for sTNFR2, sIL-2Rα and sIL-6R, re-
spectively. However, there was no statistically significant 
difference after considering the multiple testing correc-
tion. The concentration of sTNFR2 increased with time in 
cases by 1.03% (p-value = 0.01) but did not significantly 
increase in controls (0.67%, p-value = 0.07) (Table S3). A 
similar finding was observed in sIL-2Rα. The concentra-
tion of sIL-2Rα increased with time significantly in cases 
by 1.35% (p-value = 0.01) but did not significantly increase 
in controls (0.81%, p-value = 0.11). For sIL-6R, the con-
centration increased with time in controls by 0.93% per 
year (p-value = 0.02) and 0.75% in cases (p-value = 0.06). 
Visually, the levels of sIL-2Rα and sTNFR2 between cases 
and controls started to show a difference around 15 years 
before the diagnosis (Figure  1B,C), and the levels of 
sIL-6R were constantly higher in the cases compared with 
the controls (Figure  1D). However, there was no differ-
ence in the slopes of regression lines between controls and 
cases for sTNFR2, sIL-2Rα and sIL-6R. Figure 2 shows the 
correlation between the 19 proteins in cases and controls. 
Higher positive correlation between proteins was found 
when they was measured from the same panel. In the sen-
sitivity analysis, which was restricted to 81 GBM cases and 
81  matched controls, there were 43 (53.1%) male GBMs 
and the average age of diagnosis was 63.4. Two proteins–
–sIL-6R (OR  =  2.30, 95% CI: 1.22–4.36) and sTNFR2 
(OR = 2.08, 95% CI: 1.03–4.18)––showed stronger associ-
ation with GBM risk (Table S4). The OR for sCD27 was 
changed from 0.94 (95% CI: 0.68–1.31) to 0.55 (95% CI: 
0.32–0.96).

4   |   DISCUSSION

The investigation of blood biomarkers in repeated pre-
diagnostic samples is a powerful tool for finding pathways 
of proteins that can explain the trajectories of disease de-
velopment and for finding the potential aetiological risk 
factors. Taking advantage of the longitudinal design of the 
NSHDS, we found that the pre-diagnostic plasma levels 
for sVEGFR2, sTNFR2, sIL-2Rα and sIL-6R were associ-
ated with glioma risk, a finding that suggests these pro-
teins might play a role in glioma development.

4.1  |  sVEGFR2

Angiogenesis is an important feature in glioblastoma 
growth, especially in the early stage of tumour develop-
ment. VEGF and VEGFR2 are important mediators of 
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angiogenesis and highly expressed in GBM.15  VEGF 
and VEGFR2  seem to be important in the regulation of 
the innate immune system in the brain by microglia and 
macrophages.16 Several studies have targeted the ‘VEGF–
VEGFR pathway for therapy, for example, with bevaci-
zumab, which alleviates some symptoms although does 
not change the overall survival.17 Imaging studies have 
been able to differentially visualise VEGFR2 to enable tar-
geted therapy.18 The serum levels of VEGF, sVEGFR1 and 
sVEGFR2 have also been used to monitor the treatment 
effect.19 In a nested case–control study, Schwartzbaum 
et al. found that elevated pre-diagnostic levels of VEGF 
are associated with increased risk of glioma.12 However, 
we as well as Brenner et al. were unable to confirm this 
finding.10 Interestingly, we found that the sVEGFR2 was 
associated with glioma risk, but sVEGFR2 was not in-
cluded in Schwartzbaum et al.’s or Brenner et al.’s study. 
In our study, the correlation between VEGF and sVEGFR2 
was low (Figure  2). Genetic variants in VEGFR2  have 
been associated with survival in GBM patients, but this 
association could not be confirmed in independent data 

sets.20 In addition, we did not find any genetic variants 
for glioma risk in VEGFR2 in comprehensive genome-
wide association analyses.1,20 Our findings suggest that 
the sVEGFR2  might be involved in the development of 
glioma and reflect the differences in aetiological mecha-
nisms between the ageing cases and the controls or the 
presence of a preclinical tumour, but future studies are 
needed to confirm the findings and elucidate the biologi-
cal mechanisms.

4.2  |  sTNFR2

Tumour necrosis factor (TNF-α) mediates immune and 
inflammatory responses by binding to TNF receptor 1 
(TNFR1) and 2 (TNFR2). Compared with TNFR1, which is 
ubiquitously expressed, TNFR2 expression is restricted to 
immune cells and some other cell types, such as endothe-
lial cells, cardiomyocytes and glial cells.21  TNF–TNFR2 
interaction generally leads to immune suppression, 
and TNFR2  has been found to be highly expressed in 

Characteristics Cases % Controls %

Age at diagnosis, median (range) years 61.7 (32.5–82.7)

SNOMEDa, N

93803 (Glioma, malignant) 3 2.3

93823 (Glioma, mixed, 
oligoastrocytoma)

1 0.8

94003 (Astrocytoma, grades I–II) 9 6.9

94013 (Astrocytoma, anaplastic, grade 
III)

17 13.0

94213 (Pilocytic astrocytoma) 4 3.1

94403 (Glioblastoma) 81 61.8

94423 (Pleomorphic 
xanthoastrocytoma)

2 1.5

94503 (Oligodendroglioma) 9 6.9

94513 (Oligodendroglioma, anaplastic) 5 3.8

Time from blood sampling to diagnosis, mean years (±SD)

Single sample 8.0 ± 5.4 8.1 ± 5.4

First sample 11.8 ± 5.6 11.8 ± 5.6

Repeated sample 4.3 ± 3.0 4.3 ± 3.0

Age at sample collection, median (range) years

Single sample 52.6 (30.3–68.4) 52.8 (30.1–68.4)

First sample 49.9 (29.7–60.6) 50.0 (30.0–60.2)

Repeated sample 59.6 (40.0–67.5) 59.7 (40.1–67.8)

Sex, N

Male 64 48.1 64 48.1

Female 69 51.9 69 51.9

Abbreviation: SD, standard deviation.
aInformation on SNOMED was missing for two cases.

T A B L E  1   Characteristics of the study 
subjects
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regulatory T cells (Tregs) in human peripheral blood.22 
In addition, elevated serum level of sTNFR2 is associ-
ated with various cancers.23–25 In a case–control study, 
serum concentrations of sTNFR2 were higher in recurrent 
GBM than in controls but were not significantly different 
from newly diagnosed GBM. In contrast, lower levels of 
sTNFR1 were observed in patients with newly diagnosed 
or recurrent GBM than in controls.25 In the current study, 
pre-diagnostic plasma levels of sTNFR2 were significantly 
associated with increased risk of glioma, but sTNFR1 was 
not. These findings were robust when we restricted to 
the GBM subgroup in the sensitivity analysis. The levels 
of sTNFR1 were increased significantly over time both 
in cases and controls (Table S3); however, there was no 
difference between cases and controls. These changes in 

sTNFR1 might reflect changes in proteins due to ageing 
or other factors (e.g. the storage process) rather than the 
glioma risk.26

4.3  |  sIL-2Rα

The association between pre-diagnostic levels of plasma 
sIL-2Rα and glioma risk is plausible considering the bio-
logical evidence in the literature. IL2-Rα (also called CD25) 
plays a critical role in the development and maintenance of 
Tregs.27 The accumulation of CD4+CD25+Foxp3+ Tregs is 
one of the hallmark features of GBM, and Tregs have been 
the predominant targets for immunotherapy in glioma 
models and patients.28,29 The increased concentrations of 

T A B L E  2   The mean values (standard deviation) of circulating protein levels in cases and controls

Protein, unit

Case, mean (standard deviation) Control, mean (standard deviation)

Single sample First sample Repeated sample Single sample First sample
Repeated 
sample

IL-13, pg/ml 19.29 (22.98) 33.15 (33.09) 37.96 (59.83) 29.81 (31.55) 31.82 (37.08) 27.76 (23.54)

MCP-3, pg/ml 90.20 (65.47) 69.55 (51.08) 76.99 (107.98) 117.23 (89.95) 64.86 (47.93) 61.67 (32.34)

MIP-1α, pg/ml 15.64 (10.46) 22.61 (79.40) 14.17 (21.31) 19.20 (11.77) 9.99 (5.38) 9.57 (5.59)

MIP-1β, pg/ml 44.45 (20.75) 58.44 (94.29) 49.61 (41.22) 49.55 (29.18) 45.88 (32.51) 42.11 (23.46)

TGF-α, pg/ml 5.68 (5.72) 6.21 (13.55) 9.27 (27.8) 9.10 (10.37) 5.17 (4.75) 5.14 (4.33)

VEGF, pg/ml 456.46 (320.54) 486.14 (485.10) 475.83 (539.19) 479.44 (317.36) 451.12 (478.39) 410.69 (309.39)

TNF-α, pg/ml 15.96 (9.34) 14.73 (12.55) 14.21 (11.82) 19.17 (20.83) 13.26 (6.63) 13.08 (8.64)

FGF2, pg/ml 296.67 (119.89) 280.67 (159.1) 289.78 (253.29) 352.05 (209.9) 281.87 (267.36) 262.71 (190.21)

Fractalkine, 
pg/ml

427.64 (230.43) 350.28 (173.62) 370.87 (233.56) 491.98 (331.14) 343.03 (141.39) 334.63 (170.23)

IL-10, pg/ml 26.01 (42.03) 14.34 (13.70) 15.51 (16.31) 29.73 (26.29) 14.93 (13.19) 15.52 (14.27)

sIL-2Rα, pg/ml 386.21 (264.52) 451.37 (193.49) 494.19 (219.26) 386.77 (284.17) 420.08 (189.81) 464.84 (253.39)

sIL-6R, pg/ml 14341.12 
(7885.95)

16448.92 
(4568.74)

17431.1 (7123.94) 14149.17 
(7857.58)

15391.29 
(5132.15)

16102.7 (5775.07)

sTNFR2, pg/ml 4803.48 
(2237.9)

5438.13 
(1590.76)

5830.95 (1682.5) 4734.47 
(2225.93)

5113.15 
(1399.89)

5516.35 (1846.77)

sVEGFR2, pg/
ml

11597.09 
(6609.52)

13445.82 
(4883.64)

14460.24 (7966.89) 11604.29 
(6417.34)

13507.76 
(5176.34)

12961.18 (4318.31)

CXCL13, pg/
ml

75.96 (63.59) 73.77 (38.35) 80.00 (61.15) 76.89 (49.54) 67.84 (25.44) 80.07 (83.92)

sTNFR1, pg/ml 4083.12 
(1140.52)

3451.8 (942.81) 3856.27 (1064.98) 4215.92 
(1352.89)

3383.54 
(825.79)

3701.76 (856.71)

sCD23, pg/ml 4829.69 
(4663.94)

2453.46 
(1379.79)

2583.63 (1405.97) 5481.06 
(6377.81)

2328.62 
(1260.01)

2363.39 (1159.21)

sCD27, U/ml 45.14 (79.86) 18.40 (7.66) 22.29 (11.39) 37.41 (54.53) 19.71 (9.68) 21.04 (11.41)

sCD30, ng/ml 2.63 (1.32) 2.97 (1.39) 4.06 (8.05) 2.75 (1.33) 3.00 (1.61) 3.64 (6.29)

Abbreviations: IL-13, interleukin 13; MCP-3, monocyte chemoattractant protein 3; MIP-1α, macrophage inflammatory protein-1 alpha; MIP-1β, macrophage 
inflammatory protein-1 beta; TGF-α, transforming growth factor alpha; VEGF, vascular endothelial growth factor; TNF-α, tumour necrosis factor alpha; FGF2, 
fibroblast growth factor 2; IL-10, interleukin 10, sIL-2Rα, soluble interleukin 2 receptor alpha; sIL-6R, soluble interleukin 6 receptor; sTNFR2, soluble tumour 
necrosis factor receptor 2; sVEGFR2, soluble vascular endothelial growth factor receptor 2; CXCL13, chemokine C-X-C motif ligand 13; sTNFR1, soluble 
tumour necrosis factor receptor 1; sCD23, soluble CD23; sCD27, soluble CD27; sCD30, soluble CD30.
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Protein

Crude model Adjusted modela

OR 95% CI p-value OR 95% CI p-value

IL-13 0.86 (0.72, 
1.02)

0.088 0.86 (0.72, 
1.02)

0.086

MCP-3 0.90 (0.68, 
1.20)

0.482 0.90 (0.68, 
1.20)

0.483

MIP-1α 0.90 (0.70, 
1.16)

0.419 0.90 (0.70, 
1.16)

0.414

MIP-1β 1.08 (0.84, 
1.39)

0.553 1.08 (0.84, 
1.39)

0.555

TGF-α 0.92 (0.77, 
1.11)

0.396 0.92 (0.76, 
1.12)

0.406

VEGF 0.89 (0.69, 
1.15)

0.376 0.89 (0.69, 
1.15)

0.376

TNF-α 1.01 (0.75, 
1.37)

0.950 1.01 (0.74, 
1.37)

0.951

FGF2 0.98 (0.73, 
1.31)

0.877 0.98 (0.73, 
1.31)

0.877

Fractalkine 0.93 (0.69, 
1.24)

0.620 0.93 (0.69, 
1.25)

0.622

IL-10 0.97 (0.84, 
1.12)

0.689 0.97 (0.84, 
1.12)

0.688

sIL-2Rα 1.47 (1.01, 
2.14)

0.045 1.48 (1.01, 
2.16)

0.044

sIL-6R 1.89 (1.14, 
3.16)

0.014 1.90 (1.14, 
3.17)

0.014

sTNFR2 1.71 (1.01, 
2.90)

0.047 1.72 (1.01, 
2.93)

0.045

sVEGFR2 1.28 (0.72, 
2.25)

0.401 2.44b (1.29, 
4.61)

0.006

CXCL13 1.09 (0.74, 
1.62)

0.663 1.09 (0.74, 
1.62)

0.662

sTNFR1 1.21 (0.61, 
2.42)

0.589 1.24 (0.59, 
2.60)

0.576

sCD23 1.18 (0.75, 
1.85)

0.473 1.18 (0.75, 
1.85)

0.472

sCD27 0.94 (0.68, 
1.30)

0.719 0.94 (0.68, 
1.31)

0.729

sCD30 1.12 (0.76, 
1.65)

0.560 1.12 (0.76, 
1.65)

0.560

Abbreviations: IL-13, interleukin 13; MCP-3, monocyte chemoattractant protein 3; MIP-1α, macrophage 
inflammatory protein-1 alpha; MIP-1β, macrophage inflammatory protein-1 beta; TGF-α, transforming 
growth factor alpha; VEGF, vascular endothelial growth factor; TNF-α, tumour necrosis factor alpha; 
FGF2, fibroblast growth factor 2; IL-10, interleukin 10; sIL-2Rα, soluble interleukin 2 receptor alpha; 
sIL-6R, soluble interleukin 6 receptor; sTNFR2, soluble tumour necrosis factor receptor 2; sVEGFR2, 
soluble vascular endothelial growth factor receptor 2; CXCL13, chemokine C-X-C motif ligand 13; 
sTNFR1, soluble tumour necrosis factor receptor 1; sCD23, soluble CD23; sCD27, soluble CD27; sCD30, 
soluble CD30; OR, odds ratio; CI, confidence interval
aThe models were adjusted for sample collection time defined by the years before the date of diagnosis 
amongst cases and corresponding matched time for controls.
bThe risk of glioma on sVEGFR2 was modified by blood sample collected time (p for interaction: 0.015). 
The odds ratio is 2.44×e0.11×time.

T A B L E  3   Association between pre-
diagnostic levels of proteins and risk of 
glioma
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sIL-2Rα in the blood are likely to be the result of activation 
of normal peripheral mononuclear cells in response to the 
neoplasm's growth or of activated lymphoid cells infiltrat-
ing neoplastic tissues.30 Elevated serum levels of sIL-2Rα 
have been observed in patients with diverse diseases (e.g. 
autoimmune, inflammatory and neoplastic diseases)30 
and are related to glioma recurrence.31 However, a previ-
ous study did not find a significant association between 
sIL-2Rα and the glioma risk in pre-diagnostic serum sam-
ple.12 We found a weaker and not significant association 
between sIL-2Rα and GBM; however, the similar patterns 
of sIL-2Rα in GBMs suggest the difference might be due to 
our small sample size.

4.4  |  sIL-6R

Interleukin 6 (IL-6) regulates diverse physiological func-
tions that support gliomagenesis including cell invasion 
and migration by activating the JAK/STAT pathway.32 
The complex of IL-6 and sIL-6R can bind to glycoprotein 

130 on cells and it can drive the trans-signalling process, 
which leads to the development of pro-inflammatory re-
sponses.32 Interestingly, high expression levels of IL-6 
and IL-6R have been associated with aggressive subtypes 
of glioma (i.e. mesenchymal subtype and IDH wild-type 
glioma).33 Serum/plasma levels of sIL-6R have been found 
to be related to several diseases but not to glioma, and the 
biological significance of sIL-6R on the disease progres-
sion remains unclear.34 However, the results of this study 
show that increased plasma levels of sIL-6R are associated 
with increased risk of glioma and the levels of sIL-6R were 
constantly higher in cases than in controls, suggesting an 
aetiological role of sIL-6R in glioma risk, especially for 
GBM.

4.5  |  sCD27

sCD27, a 32 kDa protein, is released after lymphocyte ac-
tivation by splicing from membrane-bound CD27, which 
is a glycosylated transmembrane protein of the TNF 

F I G U R E  1   Protein changes over 
time in cases and controls. Protein 
measurements were natural log-
transformed and the regression lines 
were estimated from the linear-mixed 
models. (A) sVEGFR2, soluble vascular 
endothelial growth factor receptor 2; 
(B) sTNFR2, soluble tumour necrosis 
factor receptor 2; (C) sIL-2Rα, soluble 
interleukin 2 receptor alpha; (D) sIL-6R, 
soluble interleukin 6 receptor
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receptor family.35 Bound to its ligand CD70, CD27–CD70 
interactions play an important role in enhancing T-cell 
proliferation and differentiation and therefore is a po-
tential target in cancer immunotherapy.36  Varlilumab, 
an CD27 agonist, is now being administered in ongoing 
clinical trials for several cancers, including gliomas.36 
Like Schwartzbuam et al., 12 we found no significant as-
sociation between pre-diagnostic levels of sCD27 and 
glioma. Interestingly, we did find lower level of sCD27 in 
the pre-diagnostic samples of GBMs, which might reflect 
the heterogeneity of gliomas. Similar results were found 
when the sCD27 was analysed by Luminex bead-based 
multiplex assays (LXSAHM kit, R&D Systems, USA). 
The ORs changed from 0.66 (95% CI = 0.37–1.19) to 0.33 
(95% CI = 0.17–0.67) for gliomas and GBM, respectively. 
However, these findings may be somewhat limited by the 
small sample sizes in the sensitivity analysis.

4.6  |  Comparison with other studies

The association between pre-diagnostic protein levels and 
glioma has been investigated in two other large prospec-
tive cohort studies.10–12 In line with our findings, previ-
ous cohort studies found no association between glioma 
risk and levels of IL-13, TNF-α, CXCL13, MIP-1α, MIP-1β, 
fractalkine, FGF2, TGF-α, sCD23, sCD27 and sCD30.10–12 

Neither of these studies included sVEGFR2 and sTNFR2 
in their panel of investigated markers. Schwartzbaum 
et al. did not find a significant association between sIL-2Rα 
or sIL-6R and glioma. The four proteins discussed above 
were not investigated in Brenner et al.10 In general, differ-
ences between the panels of investigated markers, study 
design and statistical and laboratory methods make it dif-
ficult to compare our results with Schwartzbaum et al.’s 
and Brenner et al.’s results. As in our study, Brenner et al. 
analysed protein levels in multiple samples taken at dif-
ferent times from the same individual. However, in their 
large cohort of military personnel, the large majority of 
identified cases were low-grade glioma diagnosed in 
males younger than 40 years old. However, in our study, 
where the first blood sample was collected at a median age 
of 50 years, the median age of diagnosis was 62 years and 
the majority of cases were diagnosed with a high-grade 
glioma. Our study's age at diagnosis and blood sampling 
were more similar to Schwartzbaum et al.’s study, which 
includes population-based samples from the Janus cohort 
in Norway, although the Norwegian study is limited to a 
single sample from each subject.

One of the potential limitations of our study is the 
limited number of cases, which is often a problem when 
studying glioma as obtaining sufficient numbers of pre-
diagnostic samples is difficult due to the rarity of glioma. 
Furthermore, we assumed a linear relationship between 

F I G U R E  2   The correlation heatmap in cases (A) and controls (B). The proteins inside the boxes marked with black lines were measured 
from the same panel
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proteins and sample collection times when investigating 
protein trajectories. The true relationship might be more 
complicated. Although it is interesting to investigate how 
the cytokine and their soluble receptors act together to af-
fect glioma risk, the multivariable models were not per-
formed due to the small sample sizes. We did not find a 
strong correlation between cytokines and their receptors. 
As we performed several comparisons, this could have in-
troduced the probability of chance findings. It should be 
noted that our findings are not statistically significant after 
considering the multiple testing correction. However, evi-
dence from the literature supports plausible roles of these 
four proteins in gliomagenesis. In addition, the cytokines 
interact with each other and with specific receptors so 
the concentrations of an individual cytokine or receptor 
might not be biologically meaningful.12 Further studies 
will be required to validate our findings.

In conclusion, we selected 19 proteins that have been 
significantly linked to haematological cancers and in ex-
perimental studies associated with glioma growth. Most 
cytokines were not significantly associated with gli-
oma. However, we found that four proteins––sVEGFR2, 
sTNFR2, sIL-2Rα and sIL-6R––might play important roles 
in the development of glioma. Future studies should ex-
plore the genetic and tumour differences in patients with 
pre-diagnostic high levels of these cytokines, especially 
their underlying functionality.
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