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Mi Zhou', Joseph L. Wiemels', Paige M. Bracci', Margaret R. Wrensch?, Lucie S. Mccoy?, Terri Rice?,
Jennette D. Sison?, Joseph S. Patoka?, and John K. Wiencke?

Abstract

Allergy history has been consistently inversely associated with glioma risk. Two serologic markers, soluble
CD23 (sCD23) and soluble CD14 (sCD14), are part of the innate and adaptive humoral immune systems and
modulate allergic responses in opposite directions, with sCD23 enhancing and sCD14 blunting inflammatory
responses. We measured sCD23 and sCD14 in serum from blood that was drawn at a single time point from
1,079 glioma patients postdiagnosis and 736 healthy controls. Glioma was strongly associated with high sCD14
[highest versus lowest quartile odds ratio (OR), 3.94; 95% confidence interval (95% CI), 2.98-5.21] and low
sCD23 (lowest versus highest quartile OR, 2.5; 95% CI, 1.89-3.23). Results were consistent across glioma
histologic types and grades, but were strongest for glioblastoma. Whereas temozolomide treatment was not
associated with either sCD14 or sCD23 levels among cases, those taking dexamethasone had somewhat lower
sCD23 levels than those not taking dexamethasone. However, sCD23 was associated with case status regard-
less of dexamethasone treatment. These results augment the long-observed association between allergies and
glioma and support a role for the innate and adaptive humoral functions of the immune system, in particular
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immunoregulatory proteins, in gliomagenesis. Cancer Res; 70(19); 7534-42. ©2010 AACR.

Introduction

The etiology of adult glioma is currently unknown. Two
recent genome-wide association studies identified five
susceptibility regions for glioma (1, 2). These are the only
definitive risk factors for glioma apart from long-established
associations with rare inherited cancer syndromes and
relatively high-dose ionizing radiation exposures (3). Most
epidemiologic studies that addressed immune factors have
reported that adults with glioma are 1.5- to 4-fold less likely
than controls to report a variety of allergies (4-6), which
ranks the absence of allergies among the most consistent risk
factors for glioma reported to date. However, mechanisms
accounting for this association have been difficult to estab-
lish. We hypothesized that allergy may reflect a state of
balance of immune functions that could influence antitumor
reactions. In one previous analysis, we found an inverse rela-
tionship between postdiagnosis serum IgE, an indicator of
atopic immune response, and glioma (7). However, in a
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second study, the inverse association was only apparent in
temozolomide-treated patients and the analysis suggested
that the lower levels of IgE in the patients could be related
to temozolomide treatment (8). Although allergy-related IgE
is an evidence of adaptive humoral immune response, allergy
is a complex phenotype that involves both adaptive and
innate branches of the immune system. Recent studies have
shown clear interactions between the innate and adaptive
branches of the immune system (9, 10). Here, we focused
on two candidate serologic markers of immunoregulation
that have been implicated in allergic immune responses;
sCD23 (serum soluble CD23), the low-affinity IgE receptor,
is potentially stimulatory for atopic immunity whereas the
innate immune marker, sCD14 (serum soluble CD14), may
be inhibitory.

CD23 is an important mediator of the allergic response
and can function to enhance antigen presentation of IgE
antigen complexes (11). Soluble CD23 exhibits clear pro-
inflammatory properties (12, 13), mediates macrophage
(14, 15) or lymphocyte (16) activation, and has been shown
to be concentrated in inflamed brain tissues and cerebro-
spinal fluid of encephalitis patients (17).

CD14 is an important component of the innate immune
Toll-like receptor system and gram-negative and gram-
positive bacterial pattern recognition (18, 19). The soluble
form, sCD14, can bind to different B-cell subsets and enhance
IgG1 while suppressing IgE production (20). sCD14 inhibits
the production of interleukin (IL)-2 and IL-4, thus contribut-
ing to reduced IgE isotype switching (21). An example that
sCD14 plays a part in immune tolerance (22, 23) comes from
a study of farmers' children; these children, exposed to high

Cancer Res; 70(19) October 1, 2010

A({Ameriam Assoctation for Cancer Research

Downloaded from cancerres.aacrjournals.org on January 15, 2011
Copyright © 2010 American Association for Cancer Research


http://cancerres.aacrjournals.org/
http://www.aacr.org/

Published OnlineFirst August 18, 2010; DOI:10.1158/0008-5472.CAN-10-0815

Serum CD14 and CD23 Levels and Glioma

levels of endotoxin and other bacterial components as
infants, have reduced risk of developing allergy and show
relatively elevated levels of sCD14 (24). Membrane-bound
CD14 is involved in Alzheimer's disease pathology (25),
and sCD14 is found in cerebrospinal fluid where it may
inhibit immune activation of glial cells and neurotoxicity
(26). This shows that CD14 is relevant to the central nervous
system.

Given the inverse relationship of glioma with allergy history
and IgE levels, the positive association of sCD23 with IgE,
and the immune tolerance role of sCD14, we evaluated the
hypotheses that glioma cases would have higher levels of
sCD14 and lower levels of sCD23 than controls.

Materials and Methods

Study participants

Population and clinic-based subject recruitment methods
for the San Francisco Bay Area Adult Glioma Study have
been described in detail elsewhere (5, 7, 8). Briefly, all cases
were adults age 20 years or older with newly diagnosed
histologically confirmed glioma (International Classification
of Disease for Oncology, morphology codes 9380-9481).
Population-based cases from six Bay Area counties were
ascertained using the Northern California Cancer Center's
rapid case ascertainment system from May 1997 to August
1999 (series 2) and from November 2001 to September 2005
(series 3). Additionally, cases with the same eligibility crite-
ria diagnosed between 2002 and 2006 and seen at the
UCSF Neuro-oncology Clinic were eligible to participate,
regardless of place of residence; these are referred to as
clinic-based cases. Pathologic material was retrieved, when
possible, for all resected brain cancers and reviewed and
classified by one of two neuropathologists [Kenneth Aldape,
M.D. Anderson, Houston, TX, and Tarik Tihan, University of
California San Francisco (UCSF), San Francisco, CA]. Blood
and serum samples were usually collected at the time of
interview. Controls ages 20 years or older from the same
residential area as the population-based cases were iden-
tified using random-digit dialing and were frequency
matched to population-based cases on age, gender, and
ethnicity as previously described (8). Study methods were
approved by the Committee on Human Research at UCSF,
San Francisco, CA.

Interview

Interview methods for subjects, cases and controls, were
described previously (7). For population-based subjects, the
full process lasted ~2 hours and used a structured question-
naire and show cards to facilitate recall. Allergy history data
were collected in tabular form as described in detail in our
earlier report (8). Extensive data were also collected about
family and personal medical history, including asthma and
eczema, use of prescription and nonprescription medica-
tions, demographic factors, and lifestyle factors such as cig-
arette smoking and diet. Clinic-based patients were asked to
answer a much shorter (about 30 minutes) questionnaire,
which contained key elements of the longer questionnaire.

All participants who provided a blood sample were adminis-
tered an additional questionnaire about current and recent
medications and treatments.

Measurements of sCD14 and sCD23

A single serum sample was collected and tested for each
study subject. The serologic Luminex assays were developed
using a standard sandwich capture format (27, 28). Briefly,
monoclonal antibodies to human sCD14 (clone 55-3, BD
Pharmingen) or sCD23 (clone 138633, R&D) were coupled
to carboxylated Luminex microspheres by using a two-step
carbodiimide reaction. Serum samples were diluted 1:100 in
diluent for sCD14 and 1:10 for sCD23; the serum diluent was
a mixture of PBS, 10% (vol/vol) fetal bovine serum, and 2.5%
(vol/vol) CBS-K (Millipore Corporation). The solution was
then incubated at room temperature for 1 hour on a shaker.
A standard curve was created by diluting known concentra-
tions of recombinant human sCD14 (Cellsciences) or sCD23
(R&D) using the standard serum diluent. The sCD14 and
sCD23 standards or participant serum samples and coupled
sCD14 or sCD23 microspheres were then incubated for
2 hours at room temperature on a shaker using a 96-well
filter-bottomed plate (Bio-Rad Laboratories, Inc.) and subse-
quently washed with the wash buffer (Bio-Rad Laboratories,
Inc.). This step was followed by the addition of 25 puL of
1:1,000 diluted biotinylated anti-human sCD14 antibody
(clone 3-C39, BD Pharmingen) or anti-human sCD23 anti-
body (clone BAF123, R&D) to each well and then incubating
the mixture at room temperature for 30 minutes on a shaker.
The serum solution was then washed and treated with 50 pL
of streptavidin-conjugated R-phycoerythrin 1:100 diluted
stock (Bio-Rad Laboratories, Inc.). After a 10-minute incuba-
tion and final wash, the microspheres were resuspended in
125 uL of assay buffer (Bio-Rad Laboratories, Inc.). The
amount of sCD14 or sCD23 bound to the microspheres by
this antibody sandwich technique was determined by the
median fluorescence intensity (MFI) of the reporter mole-
cule, phycoerythrin, using the Bio-plex 200 plate reader sys-
tem. The MFI of the unknown serum sample was then
converted into a picograms-per-milliliter value based on
the known concentrations of the standard curve by using a
five-parameter (5PL) regression formula. Each sample was
run with a replicate. The intraclass correlation coefficient
for sCD14 and sCD23 was 0.92 and 0.93, respectively. A single
serum sample from a person without a brain tumor was
repeated on most of the assay plates (39 of 44), and the
coefficient of variation between the assays was 11.5% for
sCD14 and 18.3% for sCD23. We performed standard addi-
tion experiments that yielded recovery rates of 94% for
sCD14 and 104% for sCD23.

IgE measurements

IgE levels were assessed using Pharmacia Diagnostics
UniCAP fluorescent “sandwich” assay as described previously
(29). IgE levels were determined using serum derived from
the same blood draw as used for the current sCD14/sCD23
analysis. Total IgE was determined by measuring fluores-
cence against the standard curve with known quantity

www.aacrjournals.org

Cancer Res; 70(19) October 1, 2010

Downloaded from cancerres.aacrjournals.org on January 15, 2011
Copyright © 2010 American Association for Cancer Research

7535


http://cancerres.aacrjournals.org/
http://www.aacr.org/

7536

Published OnlineFirst August 18, 2010; DOI:10.1158/0008-5472.CAN-10-0815

Zhou et al.

inputs. The intraclass correlation for replicate samples of IgE
was 0.99.

Statistical methods

Statistical analyses were conducted using SAS v9 (SAS
Institute). Odds ratios (OR) for glioma cases versus controls
were computed using unconditional logistic regression,
adjusted for age, gender, ethnicity (white/nonwhite),
education (college education yes/no), and smoking history
(ever/never) because these characteristics were possible
confounders of IgE levels and we thought that they also might
confound other serologic measures. Analyses were conducted
for all gliomas and by histologic subtype (using polytomous
logistic regression) and treatment, e.g., temozolomide-treated
versus not treated. Associations with continuous variables
were determined using standard ¢ tests to compare means
between groups. For the case-control comparisons, sCD14
and sCD23 values were categorized into quartiles based on
the distribution among controls. In addition to analyses of
the main effects of sCD23 and sCD14 on glioma, we deter-
mined whether the association between sCD23 and glioma
was modified by level of sCD14 (or vice versa). To increase
power for these statistical interaction analyses, sCD14 was
dichotomized based on main-effect results by combining
the lowest three quartiles as the reference, whereas sCD23
was dichotomized by combining the three highest quartiles
as the reference group. sCD23 was “reverse” coded to reflect
the hypothesized inverse relationship between sCD23 and
disease status and for ease of interpretation of the statistical
interaction effects. Likelihood ratio tests were used to formally
assess statistical interaction in nested adjusted unconditional
logistic regression models with and without the cross-product
term for the grouped sCD14 and sCD23 concentrations. Total
IgE was analyzed both as a log-transformed continuous vari-
able and for comparison with earlier studies, as a categorical
variable with groups defined based on clinically relevant
cutpoints (IgE >100 kU/L = “elevated,” 25-100 kU/L = “border-
line,” and <25 kU/L = “normal”).

For any analyses involving allergy history, only population-
based subjects were included because the shorter question-
naire used for the clinic patients yielded a much lower
prevalence of ever having allergies and numbers of allergies
could not be as thoroughly quantified as it could be from the
long questionnaire.

Results

Study population

We selected 1,079 cases and 737 controls with sufficient
amounts of serum such that we would not deplete our bior-
epository. Serum analysis for sCD14 failed in one case and
one control, whereas, for sCD23, it failed in 15 cases and
10 controls. Therefore, a total of 1,078 cases and 736 controls
were included in the CD14 analysis and 1,064 cases and 736
controls in the sCD23 analysis. Of the 1,079 cases included in
this analysis, 671 completed the full questionnaire and 471
completed the abbreviated clinic questionnaire.

Cases and controls were comparable in their ethnicity,
college graduate and household income distributions, and
total years of education. Controls were older than cases
and more likely to be female. Controls also were more likely
to have smoked cigarettes compared with cases (Table 1).
Glioblastomas (GBM) were the most common histologic
subtype of brain tumor, followed by anaplastic astrocytomas,
astrocytomas, and oligodendrogliomas (Table 1).

sCD14 and sCD23 levels and glioma
case-control comparisons

The overall concentration of sCD14 was statistically signif-
icantly higher among glioma cases compared with controls
(mean + SEM: 10.3 + 0.13 pg/mL versus 8.1 + 0.09 ng/mL, re-
spectively, P < 0.01; Table 2). Glioma was strongly associated

Table 1. Age, gender, ethnicity, education,
income, smoking history, and histology of
participants with sCD14 or sCD23 results,
San Francisco Bay Area Adult Glioma Study
(1997-2006)

Glioma cases Controls

(n=1,079) (n=737)

Mean age (y) + SEM 50.6 + 0.4 556 +0.6
% White 83 81
% Male 60 53
% College graduate 51 52

Mean education (y) + SEM 152 0.1 154 +£0.1
Household income (USD/y; %) % %
<$29,999 17 20
$30-49,999 17 17
$50-69,999 14 16
$70-99,999 17 18
$100,000+ 31 28
Missing/refused 3 1
Smoking history (%) % %
Never smoked 52 45
Past smoker 36 42
Current smoker 12 13
Histology (%) % %
GBM 57 NA
Anaplastic astrocytoma 12 NA
Astrocytoma 8 NA
Anaplastic oligodendroglioma 4 NA
Oligodendroglioma 8 NA
Oligoastrocytoma 3 NA
Ependymoma <1 NA
Juvenile pilocytic astrocytoma 2 NA
Medulloblastoma 1 NA
Other/unknown 4 NA
Astrocytoma NOS <1 NA

Abbreviations: NOS, not otherwise specified; NA, not
available.
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Table 2. Comparisons of sCD14 and sCD23 levels in glioma cases and controls, San Francisco Bay Area
Adult Glioma Study (1997-2006)
Value Case Cases Controls t test P*
category n Mean + SEM n Mean + SEM
sCD14 All 1,078 10.3 £ 0.13 pg/mL 736 8.1 + 0.09 pg/mL <0.01
sCD23 All 1,064 2.7 + 0.08 ng/mL 727 3.6 = 0.13 ng/mL <0.01
Value Category Quartile n % n % ORT (95% CI) OR P* Test for trend, P
sCD14 All 1 174 16 184 25 1.00
2 130 12 184 25 0.79 (0.58-1.08) 0.14
3 195 18 184 25 1.21 (0.90-1.63) 0.21
4 579 54 184 25 3.94 (2.98-5.21) <0.01 <0.01
GBM 1 94 15 184 25 1.00
2 66 11 184 25 0.71 (0.49-1.04) 0.08
3 110 18 184 25 1.19 (0.84-1.69) 0.33
4 347 56 184 25 4.02 (2.93-5.50) <0.01 <0.01
Non-GBM 1 80 17 184 25 1.00
2 64 14 184 25 0.90 (0.60-1.36) 0.61
3 85 18 184 25 1.21 (0.81-1.79) 0.35
4 232 50 184 25 3.88 (2.73-5.53) <0.01 <0.01
sCD23 All 1 437 41 183 25 1.00
2 221 21 181 25 0.52 (0.40-0.68) <0.01
3 232 22 182 25 0.53 (0.41-0.69) <0.01
4 174 16 181 25 0.40 (0.31-0.53) <0.01 <0.01
GBM 1 281 46 183 25 1.00
2 129 21 181 25 0.47 (0.35-0.63) <0.01
3 117 19 182 25 0.41 (0.30-0.56) <0.01
4 82 14 181 25 0.29 (0.21-0.41) <0.01 <0.01
Non-GBM 1 156 34 183 25 1.00
2 92 20 181 25 0.62 (0.44-0.88) <0.01
3 115 25 182 25 0.75 (0.54-1.05) 0.09
4 92 20 181 25 0.62 (0.43-0.88) <0.01 0.02
NOTE: sCD14 quartile cutoff values were as follows: (1) quartile 1 = 1.45 to 6.49 pg/mL, (2) quartile 2 = 6.50 to 7.65 pg/mL, (3)
quartile 3 = 7.66 to 9.26 pg/mL, and (4) quartile 4 = 9.27 to 37.14 yg/mL. sCD23 quartile cutoff values were as follows: (1) quartile
1=0.03to 1.57 ng/mL, (2) quartile 2 = 1.58 to 2.59 ng/mL, (3) quartile 3 = 2.61 to 4.41 ng/mL, and (4) quartile 4 = 4.43 to 38.72 ng/mL.
*t test comparing sCD14/sCD23 means between cases and controls.
TORs were adjusted for age (continuous), race (white/nonwhite), gender, education (college versus no college), and smoking
(ever versus never). ORs for the GBM and non-GBM groups were estimated using polytomous logistic regression models.

with high sCD14 [highest versus lowest quartile OR, 3.94; 95%
confidence interval (95% CI), 2.98-5.21]. Results were consis-
tent for both GBMs and other glioma histologies (Table 2).

In contrast, the mean serum sCD23 was lower for cases
(2.7 £ 0.08 ng/mL) compared with controls (3.6 + 0.13 ng/mL;
P < 0.01). Glioma was strongly associated with low sCD23
(lowest versus highest quartile OR, 2.5; 95% CI, 1.89-3.23).
Although a similar pattern in ORs was observed for GBM
and cases with other glioma histologies, the ORs were further
from the null for those with GBM (Table 2).

Stratification of sCD14 and sCD23 levels by histologic
diagnosis show that, irrespective of subtype, levels are differ-
ent for cases and controls, although differences were most

pronounced for GBM (Supplementary Table S1). The median
number of days between diagnosis and blood draw for cases
was 89 days. Among cases, time between diagnosis and blood
draw was weakly negatively correlated with sCD14 concen-
tration (Spearman r* = -0.08, P < 0.01), whereas no correlation
was observed with sCD23 concentration and time between
diagnosis and blood draw (Supplementary Table S2). We also
did not find any statistically significant association between
smoking history and sCD14 or sCD23 levels.

Temozolomide treatment and sCD14 and sCD23 levels
Among the GBM cases diagnosed in 2001 or later, 406 of the
505 patients received temozolomide treatment. There was no
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significant difference of sCD14 levels in the temozolomide-
treated group compared with the non-temozolomide-treated
group (P = 0.6), with similar results in non-GBM patients
(P=0.2). In stratified analyses, there also was no evidence that
history of temozolomide use altered the association of sCD14
and sCD23 with glioma (Supplementary Table S3). Glioma
was associated with higher sCD14 quartiles in both groups
(Supplementary Tables S3 and S4). Similarly, temozolomide
not associated with sCD23 levels in glioma patients (Supple-
mentary Tables S3 and S4). Temozolomide treatment sche-
dules are typically cyclical—5 days on treatment followed
by 23 days off. We assessed whether sCD14 or sCD32 levels
were related to time since last dose of chemotherapy treat-
ment among the 97 patients who were currently within a
28 day temozolomide cycle and found no correlation (data
not shown).

Dexamethasone treatment and sCD14 and sCD23 levels

There was no difference in means or quartile distributions
of sCD14 levels for GBM patients who reported taking dexa-
methasone at the time of blood draw versus those who did
not (Supplementary Tables S5 and S6). In contrast, sCD23 le-
vels in patients who reported dexamethasone use at the time
of blood draw were statistically significantly lower than in
patients who did not (Supplementary Table 5). Although
dexamethasone status did not change the pattern of associ-
ation between sCD23 and glioma (see Fig. 1), the case-control
OR was lower for patients reporting dexamethasone use ver-

sus those who were not using dexamethasone (Supplementa-
ry Table S6; dexamethosone: OR, 0.25; 95% CI, 0.17-0.36
versus non-dexamethasone: OR, 0.53; 95% CI, 0.39-0.73).
Apart from dexamethasone, there were no significant asso-
ciations of sCD14 or sCD23 with other medications (Supple-
mentary Tables S7a and b).

sCD14, sCD23, and IgE levels and allergy history
There were no statistically significant associations be-
tween sCD14 or sCD23 levels and IgE in controls (Supple-
mentary Table S8). sCD23 levels in cases were lower among
those with elevated IgE but not among controls. sCD14 con-
centration was not related to number of allergies, allergy
type, or age at first allergy in either cases or controls (Sup-
plementary Table S9a). However, both cases and controls
who reported any allergies had higher sCD23 levels than
those with no allergies, although the association was not sta-
tistically significant (P > 0.05; Supplementary Table S9b).

Joint association of sCD14 and sCD23 with glioma

The joint associations of sCD14 and sCD23 by histopatho-
logic subtype and recent dexamethasone use are presented in
Table 3. Results among all cases suggested that the associa-
tion between sCD23 and GBM was modified by sCD14 level.
Additional analyses conducted to assess the potential im-
mune-related effect of dexamethasone on this relationship
showed that the suggested statistical interaction between
sCD14 and sCD23 in GBMs was limited to GBM patients

A sCD23 and sCD14 joint ORs for
glioblastoma cases not taking
dexamethasone versus controls
14
13
12
11
10
9
x s
7
6
5
4
3
2 In sCD23
1 <0.46
<2.23 223+ 0.46+
In sCD14

OR

sCD23 and sCD14 joint ORs for
glioblastoma cases taking dexamethasone
versus controls

14
13
12
11
10

9

8

7

6

5

4

3

2 In sCD23

1 P —— <0.46

<223 2.23+ 0.46+
In sCD14

Figure 1. Analysis of joint OR of sCD23 and sCD14 in GBM patients taking or not taking dexamethasone. The patients were stratified into four groups
by In sCD14 and In sCD23 values (In sCD14 <2.23 or >2.23, In sCD23 <0.46 or >0.46). A, in GBM patients who were not taking dexamethasone at the time of
blood draw, the OR in the group with high sCD14 and low sCD23 was >6.8-fold higher than the group with the low sCD14 and high sCD23 values.

B, in GBM patients who were taking dexamethosone, the OR in the high sCD14 and low sCD23 was >14-fold higher than those with the low sCD14

and high sCD23 values.
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Table 3. Multiplicative interaction results, combined sCD14 and sCD23 levels (dichotomous groupings),
stratified by histologic type and dexamethasone use, San Francisco Bay Area Adult Glioma Study
participants (1997-2006)
Case grouping Dichotomous grouping* No. OR' (95% CI) Multiplicative P
Cases Controls

All cases Low sCD14/high sCD23 276 416 1.00

Low sCD14/low sCD23 221 133 2.6 (2.0-3.4)

High sCD14/high sCD23 344 126 4.7 (3.6-6.2)

High sCD14/low sCD23 222 51 7.2 (5.1-10.3) 0.03
Cases taking dexamethasone Low sCD14/high sCD23 87 416 1.00

Low sCD14/low sCD23 113 133 4.1 (2.9-5.8)

High sCD14/high sCD23 136 126 5.8 (4.1-8.1)

High sCD14/low sCD23 115 51 11.8 (7.8-17.8) 0.01
Cases not taking dexamethasone Low sCD14/high sCD23 189 416 1.00

Low sCD14/low sCD23 108 133 1.8 (1.3-2.5)

High sCD14/high sCD23 208 126 4.3 (3.2-5.7)

High sCD14/low sCD23 107 51 5.0 (3.4-7.4) 0.10
GBM cases Low sCD14/high sCD23 134 416 1.00

Low sCD14/low sCD23 134 133 3.2 (2.3-4.3)

High sCD14/high sCD23 189 126 5.1 (3.7-6.9)

High sCD14/low sCD23 151 51 9.8 (6.7-14.3) 0.05
Non-GBM cases Low sCD14/high sCD23 142 416 1.00

Low sCD14/low sCD23 86 133 1.9 (1.4-2.8)

High sCD14/high sCD23 155 126 4.5 (3.3-6.3)

High sCD14/low sCD23 71 51 4.7 (3.1-7.3) 0.04
NOTE: The stratified results were estimated using polytomous regression models.
*The cutoff point for dichotomizing the concentration of sCD14 was 9.30 ug/mL and for sCD23 was 1.59 ng/mL.
TORs were estimated in logistic regression models adjusted for age (continuous), gender, race (white/nonwhite), education (college
versus no college), and smoking (ever versus never).

who had recently used dexamethasone (Table 3; Fig. 1). Re-
sults also suggested statistical interaction between sCD23
and sCD14 among non-GBM patients. Similar to GBM, it
seems that dexamethasone use may explain the observed
associations (data not shown). Small numbers of exposed
patients prohibited our ability to adequately assess the effect
of dexamethasone use on the relationship between sCD14
and sCD23 and rarer histologic subtypes. The apparent inter-
action was thus simply an effect of dexamethasone on sCD23
and not sCD14 and therefore not a true interaction.

Discussion

Immunologic factors have long been hypothesized to play
a role in glioma risk, and secretion of immunosuppressant
molecules by high-grade gliomas themselves is well docu-
mented (30). Despite this, there are few serum biomarkers
to evaluate the etiologic or prognostic immune aspects of
this disease. Here, we present the first analysis of the
immune regulatory proteins sCD23 and sCD14 in glioma
patients and controls showing that sCD14 levels were higher
and sCD23 levels were lower in glioma cases compared with
controls.

First, we discuss sCD14 levels, which are higher in glio-
ma cases than controls. Because measurements of sCD14
are taken after glioma diagnosis, we need to consider
whether sCD14 levels were affected by the brain tumor
or treatment. In these data, there were no differences
among glioma patients for sCD14 levels by medications,
radiation, or extent of resection. Although it is not easy
to track the details of temozolomide administration in this
study, there was no evidence that temozolomide exposure
altered the association of sCD14 or sCD23 with glioma
risk. Temozolomide may induce lymphopenia and affect
patients' levels of white blood cell subsets (31); however,
IgE levels were not altered during temozolomide treatment
schedule (8). Similarly, we found no relationship of sCD14
or sCD23 with timing of blood draw within the temozolo-
mide treatment schedule. sCD14 levels were also not asso-
ciated with a history of allergies in either cases or controls.
Alternatively, high sCD14 may reflect an individual's high
level of current bacterial antigen exposure or potentially
a greater sensitivity to this exposure (32). We had no
record of infections within our case population but note
that self-reported use of antibiotics was not associated
with sCD14. In addition, a modest increase in sCD14 with
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increasing age was observed in our controls but not in
cases; age was included in all models assessing the associ-
ation of sCD14 with glioma and hence was unlikely to
have influenced case-control associations. It is possible
that sCD14 levels reflect an individual's “set point” for
the capacity of the innate immune system to recognize
foreign or pathologic molecular patterns independent of
allergy, as has been suggested in other studies. Several
studies have shown that sCD14 levels are modified in the
first years of life by exposure to microbial antigens (24, 33),
leading to an adaptive and developmentally normal immune
system that may establish a permanent physiologic sCD14 set
point. Because this set point may persist later in adult life,
much as other immune factors do, it could represent a brain
tumor-susceptible phenotype or the effect of a tumor itself.
These hypotheses will have to be tested in cohort studies. It
has been suggested that sCD14 plays an immunomodulatory
role in the normal central nervous system and seems to
inhibit glial cell activation by interfering with lipopolysaccha-
ride effects (26). In malignant brain tumors, CD14 accumu-
lates in GBM but not among the lower-grade astrocytomas
(34). This indicates that CD14 may modulate immunologic
reactions in these tumors, contributing to their grim progno-
sis (34). The increased levels of sCD14 in brain tumor patients
could be generated either by shedding the glycophosphatidy-
linositol (GPI) anchor from previously membranous CD14 or
by increased CD14 transcription without the GPI anchor
attachment (35); our data were unable to distinguish the
source of sCD14. It is also possible that brain tumors them-
selves increase monocyte/macrophage activity locally with
concomitant expression of CD14 and sCD14.

Although no known immunologic mechanism links sCD14
with gliomagenesis, sCD14 has the capacity to negatively
affect T-lymphocyte activation and function by interacting
directly with activated T cells. sCD14 inhibits T-cell prolifer-
ation and the production of IL-2 and IFN-vy (36). In addition,
sCD14 is known to suppress B-cell development, leading to
reduced IgE production. An antitumor role for IgE has been
proposed for solid tumors (37). Given that sCD14 has been
shown to suppress both T-cell and B-cell functions, a chronic
high level of sCD14 may predispose to a permissive immune
reaction with respect to glioma formation and participate in
the known immunosuppressive serologic factors that pro-
mote T-cell and immune anergy in the brain, including trans-
forming growth factor-p, IL-13 decoy receptor (ILRa2), and
prostaglandin E,. Although disease or treatment-related fac-
tors might possibly affect sCD14 levels, neither temozolo-
mide nor dexamethasone treatment seemed to influence
sCD14 levels in this study. We observed a weak negative
correlation between the time since diagnosis and blood draw.
This modest effect would in fact lead to an underestimation
of sCD14 in some cases and a lower OR of association with
glioma.

Second, we consider sCD23 levels in relation to glioma. We
found that the concentration of serum sCD23 was lower in
glioma cases compared with controls. CD23 plays a critical
role during immune response, including IgE synthesis, B-
and T-cell differentiation, and the secretion of inflammation

mediators by various human cells (38). These mechanisms
could be important in gliomagenesis. Our group has previ-
ously shown that lack of allergy in this patient population
is a consistent risk factor for glioma. Although the relation-
ship was not strong in our data, we observed an associa-
tion of high sCD23 with increased self-reported allergy
history (Supplementary Table S9b). Thus, sCD23 may be a
useful marker of upstream immunoregulation in glioma re-
search. Finally, we note that production of sCD23 is depen-
dent on the proteolytic cleavage of membrane CD23 by the
metalloproteinase ADAM10. Lower amounts or activity of
ADAMI10 in glioma patients could be responsible for the
decreased levels of sCD23. There are no studies of ADAMI10
in human blood samples, although in glioma tissues the
levels seem to be similar to that observed in normal
brain (13, 14).

Consistent with other studies, sCD23 levels were lower in
patients using dexamethasone than in those who were not
using this glucocorticoid drug. Despite this association,
sCD23 levels were lower in glioma cases than controls, both
in patients who were and were not taking dexamethasone at
or near the time of blood draw (Fig. 1). Thus, we believe that
our results provide support for the concept that sCD23 levels
are a marker of glioma risk and not merely a marker of
glucocorticoid use.

Although we observed an interaction between sCD23 and
sCD14 levels in serum, further analyses accounting for dexa-
methasone use indicate that the observed interaction was
likely due to the underlying effects of dexamethasone use
on immune function. This was suggested across all histologic
subtypes. However, we have limited power to adequately
assess the effect of dexamethasone in rare histologic sub-
types (specific non-GBM types). The number and activation
of B cells is known to contribute to sCD23 levels in peripheral
blood (39). If an interaction between sCD14 and sCD23 exists,
an explanation could be that high levels of sCD14 may
suppress sCD23 by inhibiting B-cell proliferation. However,
this hypothesis requires more supporting evidence and data
from glioma patients who have not yet been treated with
dexamethasone.

Although we expected to see a relationship between IgE
levels and sCD23 and sCD14, we did not observe a consis-
tent dose-response association of sCD14 with IgE, and only
a marginal inverse association of sCD23 with IgE (Supple-
mentary Table S9). In addition, there was no relationship
between sCD14 and allergy, but we noticed that persons
reporting allergies had higher levels of sCD23 than those
reporting no allergy for both cases and controls. This is
an interesting finding that implies that more allergies and
higher sCD23 levels may be related because both have an
inverse relationship with glioma. Another report on sCD14
in children with status asthmaticus showed that sCD14
levels were significantly higher during acute asthma attacks
than at recovery, but there was no correlation between
level of sCD14 or the change in sCD14 and the serum IgE
concentration (40). It remains unclear whether allergies
protect against tumors or whether immunosuppressive
gliomas inhibit allergies (41). The original report on IgE

Cancer Res; 70(19) October 1, 2010

Cancer Research

Downloaded from cancerres.aacrjournals.org on January 15, 2011
Copyright © 2010 American Association for Cancer Research


http://cancerres.aacrjournals.org/
http://www.aacr.org/

Published OnlineFirst August 18, 2010; DOI:10.1158/0008-5472.CAN-10-0815

Serum CD14 and CD23 Levels and Glioma

and glioma also reported that non-IgE-related allergies
were inversely related to glioma, suggesting that IgE per
se may not be on the causal pathway driving the associa-
tion but, rather, some other related immune factors may be
responsible (6).

In summary, we believe that the associations of sCD23
and sCD14 with glioma are very robust and unlikely to be
due to chance because our study entailed a large sample
size that included patients with various grades and histolog-
ic types of glioma. Our epidemiologic approach allowed us
to investigate the potential role of factors such as age, gen-
der, race/ethnicity, cigarette smoking, and treatments on
our results. We conclude that sCD14 and sCD23 measure-
ments may provide information on how the balance of im-
mune functions within an individual can play a role in
glioma risk.

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were disclosed.

References

1. Wrensch M, Jenkins RB, Chang JS, et al. Variants in the CDKN2B
and RTEL1 regions are associated with high-grade glioma suscepti-
bility. Nat Genet 2009;41:905-8.

2. Shete S, Hosking FJ, Robertson LB, et al. Genome-wide association
study identifies five susceptibility loci for glioma. Nat Genet 2009;41:
899-904.

3. Wrensch M, Minn 'Y, Chew T, Bondy M, Berger MS. Epidemiology of
primary brain tumors: current concepts and review of the literature.
Neuro Oncol 2002;4:278-99.

4. Schwartzbaum J, Jonsson F, Ahlbom A, et al. Cohort studies of as-
sociation between self-reported allergic conditions, immune-related
diagnoses and glioma and meningioma risk. Int J Cancer 2003;106:
423-8.

5.  Wiemels JL, Wiencke JK, Sison JD, Miike R, McMillan A, Wrensch M.
History of allergies among adults with glioma and controls. Int J
Cancer 2002;98:609-15.

6. Linos E, Raine T, Alonso A, Michaud D. Atopy and risk of brain tu-
mors: a meta-analysis. J Natl Cancer Inst 2007;99:1544-50.

7. Wiemels JL, Wiencke JK, Patoka J, et al. Reduced immunoglobulin E
and allergy among adults with glioma compared with controls.
Cancer Res 2004;64:8468—73.

8. Wiemels JL, Wilson D, Patil C, et al. IgE, allergy, and risk of glioma:
update from the San Francisco Bay Area Adult Glioma Study in the
temozolomide era. Int J Cancer 2009;125:680-7.

9. Gomariz RP, Gutierrez-Canas |, Arranz A, et al. Peptides targeting
Toll-like receptor signalling pathways for novel immune therapeutics.
Curr Pharm Des 2010;16:1063—-80.

10. Sumida T. [Mechanism of allergy—innate immunity and acquired
immunity]. Nippon Rinsho 2009;67:2030-1.

11. Heyman B. Regulation of antibody responses via antibodies, com-
plement, and Fc receptors. Annu Rev Immunol 2000;18:709-37.

12. Rambert J, Mamani-Matsuda M, Moynet D, et al. Molecular blocking
of CD23 supports its role in the pathogenesis of arthritis. PLoS ONE
2009;4:e4834.

13. Massa M, Pignatti P, Oliveri M, De Amici M, De Benedetti F, Martini
A. Serum soluble CD23 levels and CD23 expression on peripheral
blood mononuclear cells in juvenile chronic arthritis. Clin Exp Rheu-
matol 1998;16:611-6.

14. Lecoanet-Henchoz S, Gauchat JF, Aubry JP, et al. CD23 regulates
monocyte activation through a novel interaction with the adhesion

Acknowledgments

We thank the Northern California Cancer Center for glioma patient case
finding and the Pathology Departments of Alexian Hospital, Alta Bates
Medical Center, Brookside, California Pacific Medical Center, DR Pinole,
Eden Hospital, EI Camino Hospital, Good Samaritan, Highland Hospital, John
Muir, Kaiser Redwood City, Kaiser San Francisco, Kaiser Santa Teresa, Los
Gatos Hospital, Los Medanos Hospital, Marin General, Merrithew, Mills
Peninsula Hospital, Mt. Diablo Hospital, Mt. Zion Medical Center, Naval
Hospital, O'Connor Hospital, Ralph K. Davies Medical Center, Saint Louise,
San Francisco General, San Jose, San Leandro, San Mateo County, San
Ramon Valley, Santa Clara Valley, Sequoia, Seton Medical Center, St. Francis,
St. Lukes, St. Rose, Stanford, Summit, UCSF, Valley Livermore, Veterans Palo
Alto, Veterans SF, and Washington Hospital for providing tumor specimens
for review.

Grant Support

NIH grants RO1CA126831, RO1ES06717, RO1CA52689, UCSF Brain Tumor
Specialized Programs of Research Excellence, P50CA097257, and RO1CA109745.

The costs of publication of this article were defrayed in part by the payment
of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

Received 03/08/2010; revised 07/21/2010; accepted 07/28/2010; published
OnlineFirst 08/18/2010.

molecules CD11b-CD18 and CD11c-CD18. Immunity 1995;3:
119-25.

15. Rezzonico R, Imbert V, Chicheportiche R, Dayer JM. Ligation of
CD11b and CD11c B(2) integrins by antibodies or soluble CD23
induces macrophage inflammatory protein 1a (MIP-1a) and MIP-13
production in primary human monocytes through a pathway depen-
dent on nuclear factor-«kB. Blood 2001;97:2932—40.

16. Aubry JP. CD21 is a ligand for CD23 and regulates IgE production.
Nature 1992;358:3.

17. Dugas N, Lacroix C, Kilchherr E, Delfraissy JF, Tardieu M. Role of
CD23 in astrocytes inflammatory reaction during HIV-1 related
encephalitis. Cytokine 2001;15:96-107.

18. Schumann RR. Function of lipopolysaccharide (LPS)-binding protein
(LBP) and CD14, the receptor for LPS/LBP complexes: a short re-
view. Res Immunol 1992;143:11-5.

19. Triantafilou M, Triantafilou K. Lipopolysaccharide recognition: CD14,
TLRs and the LPS-activation cluster. Trends Immunol 2002;23:
301-4.

20. Arias MA, Rey Nores JE, Vita N, et al. Cutting edge: human B cell
function is regulated by interaction with soluble CD14: opposite
effects on IgG1 and IgE production. J Immunol 2000;164:3480-6.

21. Vercelli D, Baldini M, Stern D, Lohman IC, Halonen M, Martinez F.
CD14: a bridge between innate immunity and adaptive IgE
responses. J Endotoxin Res 2001;7:45-8.

22. Zdolsek HA, Jenmalm MC. Reduced levels of soluble CD14 in atopic
children. Clin Exp Allergy 2004;34:532-9.

23. Lundell AC, Andersson K, Josefsson E, Steinkasserer A, Rudin A.
Soluble CD14 and CD83 from human neonatal antigen-presenting
cells are inducible by commensal bacteria and suppress allergen-
induced human neonatal Th2 differentiation. Infect Immun 2007;75:
4097-104.

24. Lauener RP, Birchler T, Adamski J, et al. Expression of CD14 and
Toll-like receptor 2 in farmers' and non-farmers' children. Lancet
2002;360:465-6.

25. Reed-Geaghan EG, Savage JC, Hise AG, Landreth GE. CD14 and
toll-like receptors 2 and 4 are required for fibrillar A{B}-stimulated
microglial activation. J Neurosci 2009;29:11982—-92.

26. Yin GN, Jeon H, Lee S, Lee HW, Cho JY, Suk K. Role of soluble
CD14 in cerebrospinal fluid as a regulator of glial functions. J
Neurosci Res 2009;87:2578-90.

www.aacrjournals.org

Cancer Res; 70(19) October 1, 2010

Downloaded from cancerres.aacrjournals.org on January 15, 2011
Copyright © 2010 American Association for Cancer Research

7541


http://cancerres.aacrjournals.org/
http://www.aacr.org/

7542

Published OnlineFirst August 18, 2010; DOI:10.1158/0008-5472.CAN-10-0815

Zhou et al.

27.

28.

29.

30.

31.

32.

Kellar KL, Kalwar RR, Dubois KA, Crouse D, Chafin WD, Kane BE.
Multiplexed fluorescent bead-based immunoassays for quantitation
of human cytokines in serum and culture supernatants. Cytometry
2001;45:27-36.

Martins TB, Pasi BM, Litwin CM, Hill HR. Heterophile antibody inter-
ference in a multiplexed fluorescent microsphere immunoassay for
quantitation of cytokines in human serum. Clin Diagn Lab Immunol
2004;11:325-9.

Szeinbach SL, Barnes JH, Sullivan TJ, Williams PB. Precision and
accuracy of commercial laboratories' ability to classify positive
and/or negative allergen-specific IgE results. Ann Allergy Asthma
Immunol 2001;86:373-81.

Tada M, de Tribolet N. Immunobiology of malignant gliomas. J Clin
Neurosci 1996;3:102—13.

Heimberger AB, Sun W, Hussain SF, et al. Imnmunological responses
in a patient with glioblastoma multiforme treated with sequential
courses of temozolomide and immunotherapy: case study. Neuro
Oncol 2008;10:98-103.

Wauthrich B, Kagi MK, Joller-demelka H. Soluble CD14 but not inter-
leukin-6 is a new marker for clinical activity in atopic dermatitis. Arch
Dermatol Res 1992;284:339—-42.

. Riedler J, Braun-Fahrlander C, Eder W, et al. Exposure to farming in

early life and development of asthma and allergy: a cross-sectional
survey. Lancet 2001;358:1129-383.

34.

35.

36.

37.

38.

39.

40.

41.

Deininger MH, Meyermann R, Schluesener HJ. Expression and
release of CD14 in astrocytic brain tumors. Acta Neuropathol
2003;106:271-7.

Labeta MO, Durieux JJ, Fernandez N, Herrmann R, Ferrara P.
Release from a human monocyte-like cell line of two different soluble
forms of the lipopolysaccharide receptor, CD14. Eur J Immunol
1993;23:2144-51.

Rey Nores JE, Bensussan A, Vita N, et al. Soluble CD14 acts as a
negative regulator of human T cell activation and function. Eur J
Immunol 1999;29:265-76.

Fu SL, Pierre J, Smith-Norowitz TA, et al. Imnmunoglobulin E anti-
bodies from pancreatic cancer patients mediate antibody-dependent
cell-mediated cytotoxicity against pancreatic cancer cells. Clin Exp
Immunol 2008;153:401-9.

Lachaux A, Kaiserlian D. [CD23: structures, functions and practical
perspectives in allergy reactions]. Pediatrie 1993;48:305-12.

Bansal AS, Haeney MR, Cochrane S, et al. Serum soluble CD23 in
patients with hypogammaglobulinaemia. Clin Exp Immunol 1994;97:
239-41.

Garty BZ, Monselise Y, Nitzan M. Soluble CD14 in children with
status asthmaticus. Isr Med Assoc J 2000;2:104-7.

Bondy ML, Scheurer ME, Malmer B, et al. Brain tumor epidemiology:
consensus from the Brain Tumor Epidemiology Consortium. Cancer
2008;113:1953-68.

Cancer Res; 70(19) October 1, 2010

Cancer Research

Downloaded from cancerres.aacrjournals.org on January 15, 2011
Copyright © 2010 American Association for Cancer Research


http://cancerres.aacrjournals.org/
http://www.aacr.org/

Supplementary Table 1. Mean, median, and standard error of sCD14 and sCD23 by Histology and Case/Control Status,
San Francisco Bay Area Adult Glioma Study (1997-2006)

Serum CD14 concentration (ug/ml) means by case status and histology
Case/Control Status Histology* N Mean StdErr Med Min Max
Control NA 736 8.1 0.1 7.7 1.5 25.7
Case All 1078 10.3 0.1 9.7 1.5 37.1
Case GBM 617 10.7 0.2 9.9 2.7 37.1
Case Astro 226 9.9 0.3 9.3 3.2 26.5
Case Other 235 9.8 0.3 9.2 1.5 26.4
Serum CD23 concentration (ng/ml) means by case status and histology
Case/Control Status Histology* N Mean StdErr Med Min Max
Control NA 727 3.6 0.1 2.6 0.1 38.7
Case All 1064 2.7 0.1 2 0.0 22.3
Case GBM 609 2.5 0.1 1.8 0.0 22.3
Case Astro 224 2.9 0.2 2.3 0.1 17.6
Case Other 231 3.0 0.2 2.5 0.2 14.0

* GBM=glioblastoma, Astro=anaplastic astrocytoma, astrocytoma grade 2, and astrocytoma NOS,
Other=oligodendroglioma, oligoastrocytoma, ependymoma, JPA, medulloblastoma, and other glioma.



Supplementary Table 2. Spearman correlation between sCD14/sCD23 concentration and interval between
diagnosis and blood draw among glioma cases, San Francisco Bay Area Adult Glioma Study (1997-2006)

CaseType* | Outcome Number Correlation coefficient P-value
All sCD14 1078 -0.08 <0.01
GBM only sCD14 617 -0.07 0.07
Non-GBM sCD14 461 -0.07 0.13
All sCD23 1064 <0.01 0.94
GBM only sCD23 609 -0.04 0.39
Non-GBM sCD23 455 <0.01 0.99

* GBM=glioblastoma




Supplementary Table 3. Glioma Case/Control Odds Ratios by sCD14 and sCD23 Quartiles Stratified by Temozolomide Use

During Treatment, San Francisco Bay Area Adult Glioma Study Cases (2001-2006 Recruitment Period*)

Category

Outcome

Quatrtile

OR** (95% CI)

Cases Taking Temozolomide at any point during

initial treatment

sCD14 Quatrtiles

Quartile 1 (1.45-6.49)
Quartile 2 (6.50-7.65)
Quartile 3 (7.66-9.26)
Quartile 4 (9.27-37.14)

1.00
0.84 (0.58-1.24)
1.30 (0.91-1.86)
4.19 (3.01-5.82)

0.38
0.15
<0.01

sCD23 Quatrtiles

Quatrtile 1 (0.03-1.57)
Quartile 2 (1.58-2.59)
Quartile 3 (2.61-4.41)
Quartile 4 (4.43-38.72)

1.00

0.56 (0.41-0.76)
0.54 (0.40-0.73)
0.36 (0.26-0.49)

<0.01
<0.01
<0.01

Cases Not Taking Temozolomide at any point

during initial treatment

sCD14 Quatrtiles

Quartile 1 (1.45-6.49)
Quartile 2 (6.50-7.65)
Quartile 3 (7.66-9.26)
Quartile 4 (9.27-37.14)

1.00
0.70 (0.43-1.14)
1.01 (0.64-1.60)
3.42 (2.29-5.12)

0.15
0.96
<0.01

sCD23 Quartiles

Quartile 1 (0.03-1.57)
Quartile 2 (1.58-2.59)
Quartile 3 (2.61-4.41)
Quartile 4 (4.43-38.72)

Number
Cases Controls
91 184
72 184
109 184
306 184
237 183
123 181
126 182
83 181
54 184
36 184
48 184
139 184
103 183
45 181
69 182
56 181

1.00
0.45 (0.30-0.68)
0.68 (0.47-0.99)
0.57 (0.38-0.84)

<0.01
<0.05
<0.01

*Only subjects recruited in 2001 or later are included in this analysis because temozolomide became standard of care around this time.

**O0ds ratos Were adjusted Tor age (Contnuous), race (WNite/non-wnite), gender, eaucation (COllege Vs No CONEge), and SMOKINg (EVer

VS never).




Supplementary Table 4. Temozolomide (TMZ) Use at Any Point During Initial Treatment and sCD14/sCD23
Results, San Francisco Bay Area Adult Glioma Study Cases (2001-2006 Recruitment Period*)

In sCD14 (GBM** Cases)

In sCD14 (Non-GBM* Cases)

Category N Mean | Median |Std Error|p-value**| N Mean | Median [Std Error|p-value***
TMZ Given 406 2.27 2.27 0.02 172 2.23 2.22 0.03
No TMZ Given 99 2.29 2.31 0.04 0.60 178 2.17 2.19 0.03 0.20

In sCD23 (GBM** Cases) In sCD23 (Non-GBM** Cases)
Category N Mean | Median |Std Error|p-value**| N Mean | Median [Std Error|p-value***
TMZ Given 398 0.52 0.60 0.05 171 0.76 0.89 0.07
No TMZ Given 99 0.55 0.51 0.09 0.76 174 0.79 0.98 0.07 0.61

*Only subjects recruited in 2001 or later are included in this analysis because temozolomide became standard of care

around this time.
** GBM=glioblastoma

*** T-test comparing means within strata of those receiving TMZ to those not receiving TMZ.



Supplementary Table 5. Comparison of In sCD14/sCD23 Levels by Dexamethasone Use Reported at Blood Draw,
San Francisco Bay Area Adult Glioma Study (1997-2006)

In sCD14 (GBM Cases)

In sCD14 (Non-GBM Cases)

Category Series** | N [Mean| Median | Std Error | p-value*| N [Mean| Median | Std Error | p-value*

Cases Taking Dexamethasone at Blood Draw 3 283| 2.30 | 2.32 0.03 96 | 220 | 2.21 0.05

Cases not Taking Dexamethasone at Blood Draw 3 222 2.25 | 2.23 0.03 0.23 [254] 2.20 | 2.20 0.02 0.97

Cases Taking Dexamethasone at Blood Draw 2 551229 | 231 0.05 20 | 2.22 | 2.27 0.07

Cases not Taking Dexamethasone at Blood Draw 2 57 1237 ] 2.33 0.05 024 [91 227 229 0.04 0.58
In sCD23 (GBM Cases) In sCD23 (Non-GBM Cases)

Category Series** [ N | Mean| Median | Std Error | p-value*| N | Mean| Median | Std Error | p-value*

Cases Taking Dexamethasone at Blood Draw 3 2821 0.39 | 0.43 0.05 951 052 | 0.60 0.10

Cases not Taking Dexamethasone at Blood Draw 3 215| 0.70 | 0.73 0.06 0.0002 | 250| 0.87 1.02 0.05 0.0008

Cases Taking Dexamethasone at Blood Draw 2 551 0.48 | 0.40 0.13 20| 0.53 | 0.50 0.21

Cases not Taking Dexamethasone at Blood Draw 2 57 | 0.54 | 0.64 0.13 0.74 90 | 0.69 | 0.82 0.08 0.43

* T-test comparing means within strata of those receiving Dexamethasone/Decadron to those not receiving these medications.

** Series: 2=Using only cases recruited during Series 2 (1997-2000), 3=Using only cases recruited during Series 3 (2001-2006).




Supplementary Table 6. Case/Control Odds Ratios by sCD14 and sCD23 Quartiles Stratified by
Dexamethasone Use Reported at Blood Draw, San Francisco Bay Area Adult Glioma Study (1997-2006)

Number
Category QOutcome Quartile (ug/mL) Cases Controls| OR* (95% CI) P

Cases Taking sCD14 | Quartile 1 (1.45-6.49) | 84 184 1.00
Dexamethasone at Blood Draw | Quartiles | Quatrtile 2 (6.50-7.65) | 48 184 | 0.60(0.38-0.93) | 0.02
Quartile 3 (7.66-9.26) | 67 184 | 0.84 (0.55-1.27) | 0.39
Quartile 4 (9.27-37.14)| 255 184 | 3.62 (2.53-5.16) | <0.01

sCD23 | Quartile 1 (0.03-1.57) | 226 183 1.00
Quartiles | Quartile 2 (1.58-2.59) | 93 181 | 0.43(0.31-0.60) | <0.01
Quartile 3 (2.61-4.41) | 74 182 | 0.37 (0.26-0.53) | <0.01
Quartile 4 (4.43-38.72)| 59 181 [ 0.25(0.17-0.36) | <0.01

Cases not Taking sCD14 | Quartile 1 (1.45-6.49) | 90 184 1.00
Dexamethasone at Blood Draw | Quartiles | Quartile 2 (6.50-7.65) | 82 184 | 0.93(0.65-1.34) | 0.70
Quartile 3 (7.66-9.26) | 128 184 | 1.54(1.10-2.17)| 0.01
Quartile 4 (9.27-37.14)| 324 184 | 4.43 (3.22-6.09) | <0.01

sCD23 | Quartile 1 (0.03-1.57) | 211 183 1.00
Quartiles | Quartile 2 (1.58-2.59) | 128 181 | 0.61(0.45-0.82) | <0.01
Quartile 3 (2.61-4.41) | 158 182 | 0.65(0.49-0.88) | <0.01
Quartile 4 (4.43-38.72)| 115 181 [ 0.53(0.39-0.73) | <0.01

Cases Taking sCD14 | Quartile 1 (1.45-6.49) | 58 184 1.00
Dexamethasone at Blood Draw | Quartiles | Quatrtile 2 (6.50-7.65) | 36 184 | 0.62 (0.39-0.99) | <0.05
(Glioblastoma Cases Only) Quartile 3 (7.66-9.26) | 47 184 | 0.82(0.52-1.28) | 0.38
Quartile 4 (9.27-37.14)| 197 184 | 3.91 (2.69-5.69) | <0.01

sCD23 | Quartile 1 (0.03-1.57) | 175 183 1.00
Quartiles | Quatrtile 2 (1.58-2.59) | 70 181 | 0.41(0.29-0.58) | <0.01
Quartile 3 (2.61-4.41) | 56 182 [ 0.31(0.21-0.45) | <0.01
Quartile 4 (4.43-38.72)| 36 181 [ 0.20(0.13-0.30) | <0.01

Cases not Taking sCD14 | Quartile 1 (1.45-6.49) | 36 184 1.00
Dexamethasone at Blood Draw | Quartiles | Quartile 2 (6.50-7.65) | 30 184 | 0.83(0.49-1.41)| 0.49
(Glioblastoma Cases Only) Quartile 3 (7.66-9.26) | 63 184 | 1.78(1.12-2.84) | 0.02
Quartile 4 (9.27-37.14)| 150 184 | 4.65(3.01-7.17) | <0.01

sCD23 | Quartile 1 (0.03-1.57) | 106 183 1.00
Quartiles | Quatrtile 2 (1.58-2.59) | 59 181 | 0.57 (0.39-0.84) | <0.01
Quartile 3 (2.61-4.41) | 61 182 | 0.58 (0.40-0.85) | <0.01
Quartile 4 (4.43-38.72)| 46 181 | 0.44 (0.29-0.66) | <0.01

* Odds ratios were adjusted for age (continuous), race (white/non-white), gender, education (college vs no

college), and smoking (ever vs never).







Supplementary Table 7a. Mean, median, and Std error of In sCD14 by Medication Category (includes only medications being taken at time of blood draw)

and GBM status, San Francisco Bay Area Adult Glioma Study (1997-2006)

In sCD14 (GBM Cases (n=505))

In sCD14 (Non-GBM Cases Only (n=350))

In sCD14 (Controls Only (n=451))

Medication Category N Mean Median  Std Error N Mean Median  Std Error N Mean Median  Std Error
Chemotherapy drug or strong immunosuppresant (all) 99 2.21 2.23 0.04 45 2.16 2.18 0.07 3 2.00 1.86 0.16
Temozolomide (also included in chemotherapy category) 94 2.21 2.23 0.04 39 2.18 2.18 0.07 0 NA NA NA
Antibiotic or Antiviral with some immunologic effects 41 2.14 2.16 0.06 16 2.19 2.20 0.12 20 2.04 2.02 0.06
NSAID drug, antilnflammatory 41 2.31 2.26 0.06 21 2.22 2.16 0.09 68 2.00 2.03 0.03
Antihistamine, antileukotriene, or other allergy medication 26 2.32 231 0.08 15 2.46 2.50 0.13 22 2.02 1.96 0.06
Drug likely not affecting immune system 466 2.29 2.29 0.02 310 2.23 2.24 0.02 232 2.07 2.06 0.02
Steroid medication (not inhaled) (includes dexamethasone) 287 2.30 2.32 0.03 98 2.20 2.21 0.05 4 2.10 2.13 0.11
Dexamethasone/Decadron only 283 2.30 2.32 0.03 96 2.20 2.21 0.05 0 NA NA NA




Supplementary Table 8. Comparisons of mean, median, standard error, and range of In sCD14/sCD23 values by
IgE categories for cases and controls, San Francisco Bay Area Adult Glioma Study (1997-2006)

In sCD14 In sCD23
Case/Control Status IgE Category* N Mean Median Std Error Range N Mean Median Std Error Range

Control Normal 317 2.07 2.07 0.02 1.11-3.25( 311 1.00 1.00 0.05 (-1.17 -- 3.66)

Control Borderline 253 202 201 0.02 0.37-3.09| 252 0.94 0.92 0.05 (-2.12 -- 3.09)

Control Elevated 166 2.04 2.02 0.02 1.28-2.85| 164 0.89 0.90 0.06 (-1.51 -- 2.78)
Kruskal-Wallis p-value** p=0.13 p=0.52

Case Normal 592 226 2.27 0.02 0.98-3.62| 583 0.66 0.75 0.04 (-3.51 -- 3.03)

Case Borderline 312 222 219 0.02 0.41-3.26| 308 0.62 0.68 0.05 (-2.30 -- 3.11)

Case Elevated 171 232 2.34 0.03 1.06-3.37| 170 0.47 0.46 0.07 (-2.04 -- 2.62)
Kruskal-Wallis p-value** p=0.01 p=0.05

* |IgE category values: Normal=<25, Borderline=25-99.9, Elevated=100+ .
** Kruskal-Wallis test examining the association between IgE category and In sCD14/sCD23 values.




Supplementary Table 9a. In sCD14 medians by number of allergies reported, San Francisco Bay Area Adult Glioma Stu

Case Status # Allergies # Mean | Median | Std Dev | Minimum | Maxim
Reported um
Controls 0 105 [ 2.08 | 2.04 0.26 1.65 2.92
1 144 | 2.03 | 2.05 0.26 1.07 3.09
2 140 [ 2.03 | 2.02 0.30 0.37 2.72
3 or more 347 | 2.05 | 2.03 0.28 1.10 3.25
Population-based Cases 0 124 | 2.25 | 2.26 0.41 0.98 2.93
1 147 | 2.24 | 2.28 0.40 1.00 3.34
2 94 2.32 | 2.30 0.36 1.53 3.31
3 or more 239 | 2.24 | 2.26 0.40 1.06 3.61

* Allergy analysis includes only population-based subjects because of differences in questionnaires for clinic and population-ba:

Supplementary Table 9b. In sCD23 medians by number of allergies reported, San Francisco Bay Area Adult Glioma StL

Case Status # Allergies # Mean | Median | Std Dev | Minimum | Maxim
Reported um
Control 0 102 | 0.83 [ 0.85 0.74 -0.87 3.09
1 140 | 1.04 | 0.99 0.85 -1.17 3.66
2 141 [ 0.92 [ 0.90 0.89 -2.12 2.92
3 or more 344 [ 0.97 | 0.97 0.78 -1.51 3.17
Population-based Cases 0 123 | 0.55 | 0.58 0.91 -2.30 2.99
1 145 | 0.67 | 0.79 0.91 -1.77 3.00
2 94 0.76 | 0.89 0.94 -3.51 2.49
3 or more 236 | 0.65 | 0.72 0.82 -1.97 2.62

* Allergy analysis includes only population-based subjects because of differences in questionnaires for clinic and population-ba:



dy (1997-2006)*

sed subjects.

1dy (1997-2006)*

sed subjects.
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