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Research Article

B-Cell Stimulatory Cytokines and Markers of Immune Activation
Are Elevated Several Years Prior to the Diagnosis of Systemic
AIDS–Associated Non-Hodgkin B-Cell Lymphoma

Elizabeth Crabb Breen1,2, Shehnaz K. Hussain3,5, Larry Magpantay2,3,4, Lisa P. Jacobson6, Roger Detels5,
Charles S. Rabkin9, Richard A. Kaslow10, Daina Variakojis11, Jay H. Bream7, Charles R. Rinaldo12,
Richard F. Ambinder8, and Otoniel Martinez-Maza2,3,4,5

Abstract
Background: The risk of developing non-Hodgkin lymphoma (NHL) is greatly increased in HIV infection.

The aim of this study was to determine whether elevated serum levels of molecules associated with B-cell

activation precede the diagnosis of AIDS-associated NHL (AIDS-NHL).

Methods: Serum levels of B-cell activation–associated molecules, interleukin (IL)6, IL10, soluble CD23

(sCD23), sCD27, sCD30, C-reactive protein (CRP), and immunoglobulin E were determined in 179 NHL cases

and HIVþ controls in the Multicenter AIDS Cohort Study, collected at up to 3 time points per subject, 0 to 5

years prior to AIDS-NHL diagnosis.

Results: Serum IL6, IL10, CRP, sCD23, sCD27, and sCD30 levels were all significantly elevated in the AIDS-

NHL group, when compared with HIVþ controls or with AIDS controls, after adjusting for CD4 T-cell

number. Elevated serum levels of B-cell activation–associated molecules were seen to be associated with the

development of systemic [non-CNS (central nervous system)] NHL, but not with the development of primary

CNS lymphoma.

Conclusions: Levels of certain B-cell stimulatory cytokines and molecules associated with immune

activation are elevated for several years preceding the diagnosis of systemic AIDS-NHL. This observation

is consistent with the hypothesis that chronic B-cell activation contributes to the development of these

hematologic malignancies.

Impact: Marked differences in serum levels of several molecules are seen for several years prediagnosis in

those who eventually develop AIDS-NHL. Some of these molecules may serve as candidate biomarkers and

provide valuable information to better define the etiology of NHL. Cancer Epidemiol Biomarkers Prev; 20(7);

1303–14. �2011 AACR.

Introduction

The risk of developing B-cell non-Hodgkin lymphoma
(NHL) is greatly increased in the setting of HIV infection
(1–5). NHL is now themost commonAIDS-relatedmalig-
nancy (6) and is a major cause of HIV infection-associated
death in developed countries, where NHL accounts
for 23% to 30% of AIDS-related causes of death (7–9).
Although a decreased incidence of AIDS-associated NHL
(AIDS-NHL) is associated with the use of highly active
antiretroviral therapy (HAART), not all subtypes of
AIDS-NHL have decreased in incidence in the HAART
era (9–11). In fact, HAART may allow some HIVþ sub-
jects who would have died of opportunistic infections to
survive longer with continued immunosystem dysfunc-
tion, resulting in an increased opportunity for developing
lymphoma over time (12). Also, some forms of AIDS-
NHL occur relatively early in the course of HIV disease,
so these lymphomas often arise prior to the initiation of
HAART, or even prior to the recognition of HIV infection.
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There are several subtypes of AIDS-NHL, including
Burkitt lymphoma (BL), diffuse large B-cell lymphoma
(DLBCL), primary central nervous system lymphomas
(PCNSL), and primary effusion lymphoma (13–16). These
different AIDS-NHL subtypes differ in anatomical dis-
tribution, Epstein-Barr virus (EBV) or human herpesvirus
type 8 infection of neoplastic cells, and in the frequency of
various molecular lesions, including chromosomal trans-
locations and mutations involving immunoglobulin (Ig)
genes and/or oncogenes. Many AIDS-NHLs, including
virtually all PCNSLs, are EBV-positive (EBVþ) lympho-
mas (17). Loss of immunoregulatory control of EBV-
infected B cells as a result of HIV infection–induced
immunodeficiency is believed to contribute directly to
the genesis of such EBVþ AIDS-NHL (5, 14). In fact, a
study from the Amsterdam Cohort Study on AIDS
showed that EBV-specific CTL decreased in 5 of 5
patients who went on to develop EBVþ AIDS-NHL,
but not in the 2 subjects who developed EBV-negative
lymphomas (18, 19). In the HAART era, the incidence of
those forms of AIDS-NHLs that are typically EBVþ has
decreased much more than that of those subtypes of
AIDS-NHLs that are not necessarily EBVþ (10, 12, 14,
20), consistent with the view that these EBVþ tumors
result from loss of EBV-specific T-cell function, which is
restored by HAART.

In contrast, most AIDS-NHLs of the BL subtype are not
EBVþ, and are characterized by a chromosomal translo-
cation that involves the rearrangement of the c-MYC
oncogene (MYC) and the Ig heavy chain gene (IgH)
switch region (14). The MYC:IgH rearrangement is
believed to result from an error in IgH class switch
recombination (CSR), a somatic DNA recombination
event that occurs normally in activated B cells, which
shifts the variable region from m to another Ig heavy chain
gene (g , a, e), and results in the production of antibodies
of isotypes different from IgM. IgH CSR is driven by
exposure to various B-cell stimulatory cytokines and is
mediated by the activity of activation-induced cytidine
deaminase (AICDA), a DNA modifying enzyme. Simi-
larly, many AIDS-NHLs of the DLBCL subtype also are
EBV-negative. These lymphomas are associated with the
mutation, translocation, and/or overexpression of BCL-6
and other oncogenes, and they tend to occur earlier in the
course of HIV disease progression than PCNSL (15, 16,
21–25). The mutation of BCL-6 and other NHL-associated
oncogenes is believed to occur during the process of
somatic hypermutation (SHM), another DNA-modifying
event that occurs normally following B-cell activation,
which results in the generation of antibodies that have
enhanced binding affinity for antigen. SHM of Ig gene
variable regions also is mediated by AICDA.

Therefore, at least 2 general types of pathogenetic
mechanisms seem to contribute to the genesis of AIDS-
NHL: (i) loss of immunoregulation of EBV-infected B
cells, due to the loss of T-cell function that is associated
with HIV infection, and (ii) chronic B-cell hyperactiva-
tion, which is associated with DNA-modifying events

(SHM and IgH CSR) that can contribute to lymphoma-
genic molecular lesions (oncogene mutations/transloca-
tions; ref. 5).

HIV infection is characterized by chronic B-cell hyper-
activation, driven by the overproduction of B-cell stimu-
latory cytokines such as interleukin (IL)6, as well as by
chronic antigenic stimulation (4, 26, 27). It has been known
for some time that IL6 levels are elevated prior to the
development of AIDS-NHL (28). Also, high expressor
genotypes for 2 B-cell stimulatory cytokines, SDF-1 and
IL10, and for CCR5, a receptor for B-cell stimulatory che-
mokines, are associated with the development of AIDS-
NHL (29–31). In our prior study examining a single time
point close to but preceding the diagnosis of AIDS-NHL,
HIVþ subjects who developed AIDS-NHL had especially
elevated serum levels of several B-cell stimulatory mole-
cules [IL6, IL10, CXCL13, and soluble CD23 (sCD23)] and
molecules associated with immune activation (sCD27,
sCD30, sCD44, and IgE), higher than the already elevated
levels seen in HIVþ subjects who did not develop lym-
phoma (4, 29, 32–39). Inaddition, elevatedexpressionof the
AICDAgene (AICDA) in circulating lymphocyteswas seen
for several years preceding lymphoma diagnosis (40).
However, little isknownabout the lengthof timepreceding
AIDS-NHL diagnosis that serum levels of these B-cell
stimulatory molecules are elevated.

In this study, we sought to better define the longitudinal
expression, preceding AIDS-NHL diagnosis, of B-cell sti-
mulatory cytokines (IL6 and IL10), of a cytokine-like B-cell
activation–associated molecule that is associated with the
induction of IgH CSR (sCD23; refs. 41, 42), of an Ig isotype
that indicates the activity of IgH CSR (IgE), of 2 molecules
from the tumor necrosis factor (TNF) receptor superfamily
that reflects immunosystem activation (sCD27 and sCD30;
ref. 43), and of amolecule that is amarker for the activity of
proinflammatory cytokines [C-reactive protein (CRP)].
This was done using up to 3 archival, prelymphoma
diagnosis serum specimens from subjects in the Multi-
center AIDS Cohort Study (MACS) who developed
AIDS-NHL, as well as from appropriate MACS HIV–ser-
opositive controls who had not developed AIDS-NHL.
Elevated levels of several of these B-cell stimulation–asso-
ciated molecules were seen for an extended period of time
(more than 3 years) preceding the diagnosis ofAIDS-NHL,
especially in those who developed systemic (non-PCNSL)
AIDS-NHLwhichwould be expected to be associatedwith
chronic B-cell hyperactivation.

Materials and Methods

Study design
This study is a nested case-control design, utilizing

serum samples from participants in the MACS. MACS
participants are homosexual men who have had study
visits at 6 month intervals to examine the natural history
of HIV infection and AIDS (44). Subjects were utilized
from men who were enrolled in 1984 to 1985 or in 1987 to
1991. At each visit, detailed histories and blood samples
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were obtained, and serum archived in a central reposi-
tory. Clinical information from each visit was obtained
from the participants and by review of external registries
and confirmed by medical record review. The protocols
and questionnaires utilized in the MACS have been
approved by the institutional review board at each center.
Cases consisted of HIV-infected MACS subjects

diagnosed with AIDS-NHL prior to April 2003, for
whom at least 1 serum sample from a time point
preceding AIDS-NHL diagnosis was available in the
MACS repository, and a matched HIV-infected (HIVþ)
control could be identified as described next (n ¼ 179).
Longitudinal serum samples were obtained at up to 3
time points prior to NHL diagnosis: more than 3 years
pre-NHL (closest to 4 years), 1 to 3 years pre-NHL
(closest to 2 years), and 0 to 1 year pre-NHL (closest to
0.5 year). The median time between serum samples at
each time point and NHL diagnosis was 4.0, 2.0, and
0.6 years, respectively.
For each case, all possible HIVþ controls were identi-

fied from among HIV-infected MACS subjects who had
not developed lymphoma as of April 2003, matched on:
(i) actual length of infection with HIV on the basis of
known date of HIV seroconversion (21 cases), or date of
entry �1 year into MACS as HIV seroprevalent (158
cases), and (ii) expected sample availability at equivalent
time points �1 year. One unique HIVþ control was
randomly selected for each case; the median time that
cases and HIVþ controls had been HIV-infected or
seroprevalent at the time of AIDS-NHL diagnosis in
the case was 6.8 and 6.9 years, respectively. In the subset
of 21 cases and matched controls with a known date of
seroconversion, the median HIVþ time to AIDS-NHL
was 6.7 years (range 2.7–10.4) and 6.4 years (range 2.3–
10.3), respectively. The characteristics of all AIDS-NHL
cases and HIVþ controls, as determined by the informa-
tion obtained from the MACS database, are shown in
Table 1. AIDS-NHL cases were stratified by primary
tumor location as CNS (brain or other CNS site, n ¼ 58)
or systemic (all other sites, n ¼ 121); systemic cases with
known tumor subtype were further stratified into
BL/BL-like (n ¼ 21), DLBCL (n ¼ 61), and other sub-
types (n ¼ 3).
In a subset of the AIDS-NHL cases (n ¼ 100), NHL was

diagnosed subsequent to another AIDS-defining condi-
tion, according to the 1993 definition of the Centers for
Disease Control and Prevention, excluding cases defined
by CD4 T-cell count alone (45). For this subset of cases,
one unique AIDS control was randomly selected for each
case from all MACS subjects with an AIDS diagnosis
other than NHL, matched on: (i) year of AIDS diagnosis
(�1 year), (ii) post-AIDS survival time (i.e., survived
NHL-free longer than the case following AIDS diagno-
sis), and (iii) expected sample availability at equivalent
time points (�1 year). The median time between the
initial AIDS diagnosis and NHL diagnosis was 1.2 years.
The characteristics of this subset of AIDS-NHL cases and
AIDS controls are also shown in Table 1.

Determination of immune markers in serum
samples

Serum levels of immune markers were assessed by
ELISA. Assays for sCD23 (detection limit ¼ 13 units/
mL) and sCD30 (detection limit ¼ 6 units/mL) were
carried out according to the manufacturer’s protocols
(BenderMedSystemsUSA). sCD27was determined using
the PeliKine-compact ELISA Kit and Toolset according to
the manufacturer’s protocol (CLB/Sanquin), with 1:20
dilutions on all samples (detection limit ¼ 32 units/mL,
taking dilution into account). CRP was measured using
the high-sensitivity protocol (detection limit ¼ 0.25
mg/mL), as described by the manufacturer (Virgo CRP
150, Hemagen). IL6wasmeasured using an ultrasensitive
assay (Biosource/Invitrogen) with color development
time extended to 40 minutes to ensure consistent low-
level detection (detection limit ¼ 0.2 pg/mL). IL10 was
measured using a human IL10–specific assay (Biosource/
Invitrogen; detection limit¼ 2pg/mL) that does not cross-
react with viral IL10 of EBV, as previously described (29).
Total serum IgE was determined utilizing the CIA-7.12
and CIA-4.15 monoclonal antibodies (46), as previously
described (47), with the following modifications: plates
were blockedwith 10% fetal bovine serum, serumsamples
werediluted1:10, and50mLperwell ofdiluted sera andall
subsequent reagents were incubated on a rotator (500
rpm). The IgE standardwas pooled normal serum (gener-
ously provided by A. Saxon and Ke Zhang); when refer-
enced to the World Health Organization IgE standard
NIBSC 75/502 (which is also pooled human sera), the
mean conversion factor was 0.67 ng per international unit
(IU). By taking the dilution into account, the limit of
detection was 8 ng/mL.

Data analysis
IL6, CRP, sCD23, sCD27, sCD30, and IgE data were

natural log-transformed and treated as continuous vari-
ables, with results below the detection limit (value of the
lowest standard on standard curve) set equal to half the
value of the detection limit; univariate analyseswere done
using t tests. IL10 data were analyzed as binary variables
(detectable IL10 � 2 pg/mL vs. undetectable), using chi
square statistic. Correlations were calculated separately
for cases and controls at each time point for continuous
variables using Spearman’s correlation coefficients.

Absolute CD4 T-cell count (CD4 count) data were
available from the MACS database and were used to
control for possible differences in HIV disease progres-
sion. At each of the pre-NHL time points, age and CD4
count-adjusted conditional logistic regression models
were generated to compare AIDS-NHL cases with
matchedHIVþ controls. ORs and 95%CIswere generated
to estimate the risk of AIDS-NHL associatedwith one log-
unit increase in concentration for continuous variables or
detectable versus undetectable for IL10.Models were also
generated adjusting for rate of change of CD4 count (CD4
slope, cells/mm3/year) or baseline HIV RNA viral
load (VL log10 copies/mL, 18 months after first
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HIV-seropositive MACS study visit; refs. 48, 49), which
included fewer case-control pairs due to missing data,
especially for VL (data not shown). Age- and CD4 count-
adjustedmodels were further tested with stratification by
systemic versus CNS AIDS-NHL, and by NHL subtype
(DLBCL and BL) among systemic AIDS-NHLs.

Similar models were generated to compare the subset
of AIDS-NHL cases with prior AIDS to AIDS controls,
adjusted only for age because they were matched on the
basis of progression to AIDS. An additional model
adjusted for age and CD4 count did not meaningfully
affect the OR estimates (data not shown).

Results

Increased serum levels of multiple immune
biomarkers are seen up to 3 or more years prior to
AIDS-NHL diagnosis

Univariate analyses of AIDS-NHL cases compared
with HIVþ controls, without regards to matching,
showed significantly higher mean serum levels of IL6,

CRP, sCD27, and sCD30 in cases at all 3 time points (>3
years, 1–3 years, and 0–1 year) prior to lymphoma diag-
nosis (Fig. 1A–D, P � 0.002). sCD23, a soluble form of the
low-affinity cell surface Fc receptor for IgE, which has
B-cell stimulatory properties, showed elevated serum
levels in cases, but was only statistically significantly
elevated >3 years prior to lymphoma diagnosis
(Fig. 2A, P < 0.001). Serum levels of IgE showed no
significant differences between AIDS-NHL cases and
HIVþ controls at any time point (Fig. 2B). As expected
from previous study on subjects from this same cohort
study (29), the majority of all HIVþ subjects had unde-
tectable levels (<2 pg/mL) of serum IL10. However,
consistent with those prior observations, the frequency
of detectable serum levels of IL10 (�2 pg/mL)was clearly
and significantly elevated in AIDS-NHL (Fig. 2C), but
only at the time point immediately preceding lymphoma
diagnosis (0–1 years prior, P < 0.001).

CRP, which is produced by hepatocytes in response to
IL6 and can be considered a marker for the bioactivity of
IL6 (50), was significantly correlated with IL6 at all time

Table 1. Characteristics of AIDS-NHL cases and controls

All AIDS-NHL
cases

HIVþ controls AIDS-NHL
subset with prior
AIDS diagnosis

AIDS controls

n 179 179 100 100
Age at time of case NHL diagnosis,

median years (range)
41 (24–60) 39 (24–60) 40 (24–57) 38 (23–68)

Ethnicity, n (%)
White, non-Hispanic 149 (83) 156 (87) 81 (81) 87 (87)
White, Hispanic 19 (11) 8 (4) 11 (11) 6 (6)
Black, non-Hispanic 11 (6) 10 (6) 8 (8) 4 (4)
Other 0 5 (3) 0 3 (3)

CD4 T cells, median cells/mm3 (range)a

>3 years pre-NHL 387 (5–1349) 561 (3–2030) 369 (5–1227) 397 (19–1123)
1–3 years pre-NHL 209 (6–1178) 522 (37–1544) 144 (6–1178) 238 (9–1132)
0–1 year pre-NHL 74 (0–707) 468 (4–1255) 32 (0–691) 93 (0–1159)

HAART at the time of sample, n (%)a

>3 years pre-NHL 1 (1) 0 1 (1) 0
1–3 years pre-NHL 3 (2) 4 (3) 1 (1) 1 (1)
0–1 year pre-NHL 5 (5) 5 (5) 1 (1) 2 (2)

Tumor subtype, n (%)
Systemic NHL tumor 121 (68) 56 (56)
Diffuse large B cell 61 (50) 27 (48)
BL/BL-like 21 (17) 8 (14)
Other subtypes 6 (5) 3 (5)
Not specified 33 (27) 18 (32)

CNS NHL tumor 58 (32) 44 (44)
Tumor EBV status, n (%)

Not tested 92 (51) 44 (44)
Tested 87 (49) 56 (56)
Negative 28 (32) 16 (29)
Positive 59 (68) 40 (71)

aCases and controls who had serum available for that study visit.
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points (r ¼ 0.37–0.48, Supplementary Table S1). sCD27
and sCD30, which are both members of the TNF receptor
superfamily, showed strong correlations to each other
at all time points (r ¼ 0.55–0.75), as well as to sCD23

(r ¼ 0.28–0.46); sCD23 showed no correlation with IgE
(Supplementary Table S1).

Certain immune biomarkers are increased prior to
NHL, even when diagnosis of lymphoma occurs
after some other AIDS-defining condition

Among the 179 subjects who developed AIDS-NHL,
100 subjects were diagnosed with lymphoma after
previously being diagnosed with another AIDS-defin-
ing condition. These cases were compared with a
second group of HIV-infected controls who also had
AIDS, matched by time of first AIDS diagnosis (AIDS
controls).

There were no significant differences between NHL
cases with prior AIDS and AIDS controls in serum
levels of CRP, sCD23, or IgE at any time point pre-
lymphoma (data not shown). At the time point furthest
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from lymphoma diagnosis (>3 years prior), there were
no significant differences between AIDS-NHL cases
and AIDS controls in mean serum levels of IL6,
sCD27, sC30, or IL10 (Fig. 3). However, at 1 to 3 years
before lymphoma diagnosis, mean IL6 levels rose in
the AIDS-NHL group, but stayed relatively stable in
the AIDS control group, resulting in a significant
difference (Fig. 3A). Both cases and controls showed
higher mean IL6 levels 0 to 1 year before lymphoma
and so did not differ significantly at that time point. In
contrast, mean serum levels of sCD27 (Fig. 3B) and
sCD30 (Fig. 3C) were relatively stable in the AIDS-
NHL cases over the time approaching lymphoma diag-
nosis, whereas AIDS controls showed declining mean
levels over time, leading to significant differences at
the time closest to lymphoma. For IL10, NHL cases
with prior AIDS (Fig. 3D) were similar to AIDS-NHL
cases overall (Fig. 2C), with increased frequency of
detectable IL10 seen only at 0 to 1 year prior to lym-
phoma diagnosis.

AIDS-NHL risk is significantly associated with
increased prediagnosis levels of serum IL6, sCD27,
sCD30, and IL10, even when taking differences in
CD4 T-cell numbers into account

To discriminate between effects associated with the
development of NHL and those associated with the
progression of HIV disease over time, all AIDS-NHL
cases and HIVþ controls were matched based on dura-
tion of HIV infection. After matching, cases and controls
differed in their absolute CD4 T helper cell counts, espe-
cially as the cases approached the time of lymphoma
diagnosis (Table 1). In age-adjusted analyses, a decrease
of 50 cells/mm3 in CD4 count was associated with an
increased risk of NHL at >3 years (OR 1.15, 95% CI ¼
1.08–1.22), 1 to 3 years (OR 1.42, 95% CI ¼ 1.26–1.60), or 0
to 1 year (OR 1.45, 95% CI ¼ 1.26–1.67) prior to NHL
diagnosis. Independent of NHL risk, CD4 counts are an
important indicator of immune system status in the
context of HIV disease and may impact circulating
immune biomarker levels. Therefore, to adjust for this
potential confounder, logistic regression analyses for
lymphoma risk in associationwith increased serum levels
of immune biomarkers were done controlling for CD4
counts at the time of each sample.

For all AIDS-NHL cases comparedwithHIVþ controls,
increased serum levels of IL6, sCD27, and sCD30
remained statistically significant at all 3 time points after
CD4 count adjustment (Table 2, upper half). Interestingly,
in spite of the significant correlation seen between IL6
and CRP levels, adjusted ORs for CRP were no longer
statistically significant at the time point closest to lym-
phoma diagnosis (where the CD4 differences were great-
est and the sample size was smallest). Consistent with the
univariate analyses, sCD23 levels were significantly
increased only at the time furthest from lymphoma diag-
nosis, frequency of detectable IL10 was significantly
increased only at 0 to 1 year prior to lymphoma, and

IgE levels were not significantly increased at any time
point preceding lymphoma diagnosis.

To confirm that the observed associations between
AIDS-NHL and increased serum levels of IL6, sCD27,
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Figure 3. Some B-cell activation markers are elevated prior to lymphoma
in those AIDS-NHL cases that had another AIDS-defining condition prior to
NHL. Natural log-transformed mean values (�SEM) for (A) IL6, (B) sCD27,
(C) sCD30, and (D) percentage of subjects with detectable serum IL10 are
shown for the subset of AIDS-NHL subjects (n ¼ 100) who had a primary
AIDS diagnosis other than lymphoma, then went on to develop NHL (filled
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sCD30, and IL10 were not merely a reflection of HIV
disease progression, immune biomarker analyses were
repeated controlling for age plus other prognostic indi-
cators of HIV disease: rate of change of CD4 count (CD4
slope) or baseline HIV VL (48, 49). Increases in IL6,
sCD27, and sCD30 levels remained significantly asso-
ciated with increased risk of AIDS-NHL at all time points
in both analyses (data not shown). Detectable IL10
remained significant at 0 to 1 year before lymphoma
diagnosis with CD4 slope adjustment (n¼ 93 case-control
sets, OR 7.40, 95% CI ¼ 1.91–28.60), but lost significance
when adjusted for VL, whichmay reflect instability in the
estimates due to a reduced number of case-control sets
(n ¼ 75, OR 4.76, 95% CI ¼ 0.86–26.27). In age-adjusted
analyses, a decrease in CD4 slope of 50 cells/mm3/year
(OR 1.55, 95% CI ¼ 1.23–1.94) or an increase in baseline
VL of 1 log10 copies/mL (OR 6.31, 95% CI ¼ 3.13–12.72)
was independently associated with an increased risk of
AIDS-NHL.
Logistic regression analyses were also done in the

subset of NHL cases with prior AIDS and AIDS controls
(Table 2, lower half). ORs were similar to the results
obtained in univariate analyses, with significantly ele-
vated ORs seen at 1 to 3 years before lymphoma for IL6,
and at 0 to 1 year for sCD27, sCD30, and IL10. In addition,
sCD30 had anOR of borderline significance at 1 to 3 years
prelymphoma.

Elevated serum levels of immune biomarkers were
seen to be associated with the development of
systemic AIDS-NHL, but not with the development
of PCNS AIDS-NHL

As compared with similar forms of NHL in the non-
HIV–infected population, primary tumors in AIDS-NHL
are more likely to occur at sites other than lymph nodes
(1, 12). In HIV-infected subjects with advanced HIV
disease and low CD4 counts, a notable proportion of
AIDS-NHL cases presents with PCNSL (28, 51). Among
the 179 cases of AIDS-NHL in this study, 58 of 179 (32%)
of the primary tumors were located within the CNS,
whereas the remaining 68% of cases presented with
primary tumors outside the CNS (systemic). The AIDS-
NHL cases were stratified on the basis of primary tumor
location, and CD4 count-adjusted logistic regression
analyses were performed by comparing their matched
HIVþ controls.

The stratification of AIDS-NHL cases according to
CNS or systemic primary tumor location revealed stron-
ger associations of elevated levels of biomarkers with
the risk of systemic lymphoma (Fig. 4). Detectable IL10
could not be evaluated at 0 to 1 year and 3 to 5 years
prior to PCNSL due to sparse data, and was not sig-
nificantly associated with PCNSL at 1 to 3 years prior to
diagnosis. Although elevated ORs were seen for several
of the markers other than IL10, especially at >3 years

Table 2. ORs and 95% CIs for increased cytokine concentrations in NHL cases

>3 years prior 1–3 years prior 0–1 year prior

n, setsa ORb 95% CI n, setsa ORb 95% CI n, setsa ORb 95% CI

All NHL cases vs. HIVþ controlsc

IL6 132 2.37 1.51–3.72 129 4.14 1.81–9.49 88 6.01 2.07–17.45
CRP 141 1.65 1.25–2.18 139 1.55 1.08–2.22 100 1.31 0.84–2.07
sCD27 141 3.72 1.68–8.25 139 6.98 2.23–21.83 100 3.81 1.21–11.96
sCD30 141 3.22 1.75–5.91 139 8.64 3.09–24.14 101 4.77 1.63–13.90
sCD23 136 2.02 1.17–3.47 136 1.74 0.93–3.26 99 1.37 0.78–2.42
IgE 141 1.08 0.88–1.31 139 0.99 0.78–1.25 100 0.98 0.76–1.27
IL10 141 0.78 0.17–3.64 139 1.26 0.28–5.57 100 7.74 1.06–56.59

NHL after other AIDS diagnosis vs. AIDS controlsd

IL6 79 1.00 0.60–1.69 81 2.08 1.13–3.86 49 1.47 0.90–2.40
CRP 82 1.34 0.94–1.92 86 1.34 0.98–1.85 54 1.03 0.77–1.38
sCD27 82 1.04 0.45–2.40 86 1.79 0.82–3.93 54 2.47 1.02–5.96
sCD30 82 0.93 0.51–1.68 86 2.00 1.02–3.91 54 4.85 1.92–12.28
sCD23 82 1.30 0.75–2.28 86 1.34 0.81–2.21 53 1.31 0.77–2.24
IgE 82 1.23 0.99–1.55 86 1.13 0.95–1.36 54 1.12 0.91–1.39
IL10 82 0.33 0.07–1.65 86 1.03 0.35–2.97 54 9.08 1.87–44.03

aMatched case-control sets.
bFor all markers except IL10, ORs are in terms of 1 unit increase in natural log-transformed values; for IL10, ORs are in terms of
detectable versus undetectable. Statistically significant ORs are shown in bold.
cSets matched on duration of HIV infection, and analyses adjusted for age and CD4 T cell count.
dSets matched on time of initial AIDS diagnosis, and analyses adjusted for age.
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pre-PCNSL, no statistical significant association was
seen at any time point prior to PCNSL. The systemic
NHL cases recapitulated the results seen in the AIDS-
NHL cases overall, with elevated serum levels of IL6,
sCD27, and sCD30 significantly associated with AIDS-
NHL at all time points preceding lymphoma diagnosis,
and CRP at all but 0 to 1 year prelymphoma. Interest-
ingly, elevated sCD23 levels, which were significantly
associated only at >3 years prior to AIDS-NHL cases
overall, emerged in the analyses of systemic AIDS-NHL
cases as also significantly associated at 1 to 3 years prior
to lymphoma diagnosis. In contrast, detectable IL10 was
no longer significantly associated at the time point
closest to systemic NHL diagnosis. No significant asso-
ciation was seen at any time point between serum IgE
levels and systemic AIDS-NHL.

The systemic AIDS-NHL cases were further stratified
to determine if there was a pattern of elevated serum
biomarkers associated with either of the major subtypes,
DLBCL (n ¼ 61) and BL (n ¼ 21). In a univariate compar-
ison of mean levels between DLBCL and BL cases, the
only significant difference was higher levels of sCD23 at 1
to 3 years preceding the diagnosis of BL (P ¼ 0.02, data
not shown). In CD4 count-adjusted logistic regression
models comparing DLBCL or BL cases with matched
HIVþ controls (Supplementary Table S2), some markers
and time points could not be evaluated due to small
sample size. Although there were elevated ORs for many
markers in both the DLBCL and BL cases, statistically
significant associations were seen only with elevated
levels of IL6, sCD27, and sCD30 more than 3 years
and/or 1 to 3 years prior to DLBCL. It is likely that the
lack of any significant association for anymarkers or time
points with BL is due at least in part to the small number
of cases of this subtype.

Discussion

In this study, we have examined the longitudinal levels
of several serummolecules associated with B-cell and/or
immune system activation, over a period of several years
preceding AIDS-NHL diagnosis. These included 2 B-cell
stimulatory cytokines, IL6 and IL10, and sCD23, a soluble
Fc receptor for IgE that has cytokine-like B-cell stimula-
tory properties (41, 42). In addition, we assessed serum
levels of IgE, which is induced by Th2 cytokines, as well
as serum levels of sCD27 and sCD30, 2 TNF receptor
superfamily molecules that reflect immune system
activation (43), and CRP, a marker for inflammation,
the production of which is driven by proinflammatory
cytokines.

Elevated serum levels of IL6, CRP, sCD27, and sCD30
were consistently seen at all time points tested preceding
lymphoma diagnosis, when comparing all AIDS-NHL
cases (n ¼ 179) with HIVþ controls (Fig. 1). Even after
adjustment for CD4 T-cell count (Table 2), CD4 slope, or
HIV VL, to control for differences possibly related to HIV
disease progression rather than AIDS-NHL, an increased
association clearly persisted between the development of
AIDS-NHL and elevated serum levels at all time points
for IL6, sCD27, and sCD30. Increased frequency of detect-
able IL10 was also seen preceding AIDS-NHL cases both
with and without CD4 adjustment, but only at the time
closest to lymphoma diagnosis. With CD4 adjustment,
CRP was no longer significant at 0 to 1 year prior to NHL,
which may reflect an increasing contribution of more
general HIV disease-related inflammation obscuring
the earlier relationship with development of AIDS-
NHL and/or may be due to the smaller number of
samples available closest to lymphoma diagnosis. Simi-
larly, elevated serum levels of sCD23 only at >3 years
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Figure 4. Elevated levels of B-cell activation markers prior to AIDS-NHL are seen only in those subjects who develop systemic lymphoma. CD4-adjusted
ORs � 95% CI for increased serum cytokine levels are shown for AIDS-NHL cases compared with matched HIVþ controls, stratified according to
primary tumor location outside of the CNS (systemic, filled squares) or within the CNS (open squares). For all markers except IL10, ORs are in terms of
1 unit increase in natural log-transformed values; for IL10, ORs are in terms of detectable versus undetectable. ORs are missing for IL10 for CNS tumors
at 2 time points (>3 years and 0–1 year) due to failure of the logistic regression model to converge on account of sparse data.
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prelymphoma may suggest increasing levels in HIVþ
controls with time obscure earlier differences. IgE
showed no significant association with AIDS-NHL in
any analysis, in contrast to an early report (36), but
consistent with later studies (38), which is likely due to
differences in study design and differences in the immu-
noassays utilized. Hence, even when taking into account
lower CD4 counts (or more rapid CD4 decline or higher
baseline VL) over the same length of time of HIV infec-
tion, our data indicated the presence of a sustained
environment of B-cell and immunosystem hyperactiva-
tion for more than 3 years in those subjects who went on
to develop AIDS-NHL.
A little more than half of the AIDS-NHL cases in the

overall analyses (100 of 179) were diagnosed with lym-
phoma after some other AIDS-defining condition. We
compared this subset of cases with an independent set
of controls matched on time of AIDS diagnosis, and saw
elevated serum levels of IL6, sCD27, and sCD30, but only
at 0 to 1 and/or 1 to 3 years prior to lymphoma diagnosis.
This suggests that although a prior AIDS-defining con-
dition may disrupt an earlier prelymphoma B-cell stimu-
latory environment and/or confound our ability to detect
it, evidence of increased immune activation does emerge,
especially in the year immediately preceding AIDS-NHL
diagnosis. In light of differences seen between systemic
and CNS AIDS-NHL cases (as discussed shortly), less
immune activation might also be attributable at least in
part to the fact that PCNSL occurred in a higher propor-
tion of post-AIDS diagnosis cases (44%) than in the over-
all AIDS-NHL cases (32%).
IL6 is a pluripotent cytokine that can stimulate B-cell

proliferation anddifferentiation andpromote cell survival
and tumor growth (52–55). IL6 production is driven by
multiple stimuli, including exposure to lipopolysacchar-
ide or HIV virions (56–58). IL6 is also associated with
proinflammatory responses, as well as with Th17
responses, which are associated with autoimmunity (59,
60). Interestingly, those forms of autoimmunity that
involve B-cell activation and are mediated by autoanti-
body production have been seen to be associated with an
enhanced risk for the development of B-cell NHL (61).
Previous cross-sectional studies have documented ele-
vated IL6 preceding AIDS-NHL (28, 33). The observation
that elevated serum levels of IL6 are repeatedly associated
withAIDS-NHL formore than 3 years prior to diagnosis is
consistent for a role for IL6-drivenB-cell stimulation in the
development and/or growth of these lymphomas.
CD30 and CD27 are the receptors for CD30 ligand

(CD153) and CD70, respectively, which are TNF-like
immunostimulatory molecules (62–65). CD30 is charac-
teristically expressed on HL Reed–Sternberg cells, but is
rarely expressed by NHL cells. sCD30 is produced by
activated T cells and may be a marker for Th2 immune
responses that support B-cell activation and differentia-
tion into antibody-secreting plasma cells (66). CD27 is
expressed on the surface of B cells following activation
and is a marker for memory B cells (67–70). In prior cross-

sectional studies, we noted strong correlations between
these 2 related molecules and have reported elevated
serum levels of both sCD30 and sCD27 preceding the
diagnosis of AIDS-NHL (32, 35). Like IL6, the consistent
elevation of these molecules for more than 3 years pre-
lymphoma provides strong evidence for the role of sus-
tained B-cell activation in the development of AIDS-
NHL. Elevated serum sCD30 has also been reported
preceding the diagnosis of non-AIDS-NHL (71), suggest-
ing that an environment rich in B-cell activation may be a
feature that precedes many B-cell lymphomas, regardless
of HIV status.

IL10 is a B-cell stimulatory cytokine that can also
suppress Th1 responses, including antiviral cell–
mediated responses (72, 73). Our observations of IL10
in this study are consistent with our previous study, in
which we found elevated serum levels of IL10 immedi-
ately preceding AIDS-NHL, as well as an association
between IL10 genotype and the development of AIDS-
NHL (29, 74). An elevated frequency of detectable IL10
only at the time point closest to lymphoma diagnosis
(<1 year pre-NHL) suggests that this cytokine is either
tumor-produced, consistent with a report that IL10 is an
autologous growth factor for AIDS-NHL (75), and/or is
produced by, or in response to, the inflammatory micro-
environment of the tumor.

When the results from those who developed PCNSL
were compared with those who had systemic non-CNS
NHL, it was seen that significantly elevated serum levels
of B-cell activation–associated molecules were seen only
with the development of systemic lymphomas. This
suggests that elevated serum levels of molecules asso-
ciated with B-cell activation are not associated with an
increased risk for the development of PCNSL, which is
characterized by EBV infection of tumor cells. Rather,
elevated levels of B-cell activation–associated molecules
were seen preceding the development of those forms of
AIDS-NHLs (systemic AIDS-NHL, including BL and
DLBCL) that containmolecular lesions believed to result
from errors in B-cell activation–associated DNA-modi-
fying events. These findings are consistent with the view
that EBVþ PCNSL result primarily from loss of effective
immunoregulation of EBV infection, whereas systemic
lymphomas, which are often EBV-negative tumors, are
associated with chronic B-cell activation over a pro-
longed period of time, resulting in the accumulation of
genetic lesions due to IgHCSR or SHM (5, 76). The recent
observation that elevated levels of AICDA expression
occur pre-AIDS-NHL, but only in those who developed
non-CNS lymphomas, is consistent with this conclusion
(39). AICDA is a B-cell activation–associated DNA-
mutating molecule that plays a central role in both IgH
CSR and SHM in germinal center B cells (77). Interest-
ingly, AICDA expression can be induced in B cells by
exposure to HIV (78) and other lymphomagenic viruses,
including EBV andHCV (79–81), suggesting a direct role
for HIV in the induction of B-cell activation. Studies to
quantify AICDA expression and its association with HIV
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levels in the same cases and controls included in this
study are planned.

The assessment of additional cytokines and immuno-
stimulatory molecules other than those that were quan-
tified in this study would have been informative.
However, we focused on those molecules for which we
had compelling preliminary evidence in prior prelimin-
ary cross-sectional studies, and for which robust immu-
noassays were available, given the limited volume of pre-
NHL diagnosis serum that is available. As multiplexed
immunoassays are becoming more sensitive and reliable,
we hope to assess additional biomarkers in the future.

In summary, levels of B-cell stimulatory cytokines and
molecules associated with immune activation are ele-
vated several years preceding the diagnosis of AIDS-
NHL. These results are consistent with the hypothesis
that chronic B-cell hyperactivation contributes to the
development of these lymphomas.
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Supplemental Table 1: Correlationsa between serum levels of immune markers in all NHL cases and in HIV+ controlsb  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

>3 years pre-NHL  (controls n=141; cases n=142) 

              IL6 CRP sCD27 sCD30 sCD23 IgE 
IL6 1 0.37* 0.40* 0.26* 0.22* -0.01 

CRP 0.48* 1 0.18* 0.15 0.09 0.03 
  sCD27 0.30* 0.05 1 0.75* 0.41* -0.04 
  sCD30 0.25* 0.10 0.64* 1 0.34* 0.01 
  sCD23 0.13 -0.004 0.41* 0.45* 1 -0.13 
    IgE 0.05 0.25* -0.09 -0.14 -0.11 1 

1-3 years pre-NHL  (controls n=144; cases n=139) 

              IL6 CRP sCD27 sCD30 sCD23 IgE 
IL6 1 0.41* 0.22* 0.07 -0.11 0.06 

CRP 0.43* 1 0.06 -0.05 -0.07 -0.03 
  sCD27 0.41* 0.01 1 0.70* 0.34* -0.03 
  sCD30 0.42* 0.16 0.61* 1 0.44* -0.11 
  sCD23 0.25* 0.07 0.37* 0.43* 1 0.04 
    IgE -0.04 0.13 -0.03 -0.08 0.07 1 

0-1 year pre-NHL  (controls n=104; cases n=91) 

              IL6 CRP sCD27 sCD30 sCD23 IgE 
IL6 1 0.40* 0.27* 0.27* -0.07 0.10 

CRP 0.39* 1 0.03 0.25* -0.02 0.02 
  sCD27 0.31* 0.16 1 0.69* 0.28* 0.07 
  sCD30 0.18 0.21* 0.55* 1 0.42* 0.04 
  sCD23 0.08 0.29* 0.28* 0.46* 1 -0.01 
    IgE 0.05 0.22* 0.09 -0.06 0.05 1 

a: Spearman's correlation coefficients; p value <0.05 indicated by * 
b: data above the shaded cells are from NHL cases, below the shaded  cells are from HIV+ controls 
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Supplemental Table 2: Odds Ratios (OR) and 95% confidence intervals (CI) for increased cytokine concentrations in systemic diffuse 
large B cell lymphoma (DLBCL) or Burkitt lymphoma/Burkitt-like lymphoma (BL) cases 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a: matched case-control sets 
b: for all markers except IL10 ORs are in terms of one unit increase in natural log-transformed values; for IL10, ORs are in terms of detectable vs. undetectable.  

Statistically significant ORs are shown in bold. 

>3 years pre NHL 1-3 years pre NHL 0-1 year pre NHL 
N, setsa ORb 95% CI N, sets OR 95% CI N, sets OR 95% CI  

all diffuse large B cell lymphoma (DLBCL) cases vs. HIV+ controls 

IL6 45 3.08 1.31 - 7.21 47 1.29 0.32 - 5.11 unable to estimatec 
CRP 48 1.40 0.91 - 2.15 51 1.10 0.63 - 1.92 41 2.23 0.72 - 6.92 

sCD27 48 4.04 0.90 - 18.17 51 32.5 1.29 - 819.0 41 15.56 0.98 - 247.74
sCD30 48 4.32 1.36 - 13.8 51 21.6 1.53 - 304.9 unable to estimate 
sCD23 47 2.41 0.85 - 6.82 49 3.16 0.65 - 15.21 39 1.86 0.77 - 4.45 

IgE 48 1.06 0.76 - 1.48 51 0.90 0.58 - 1.38 41 1.17 0.77 - 1.78 
IL10 48 0.81 0.50 – 1.30 51 1.12 0.66 - 1.89 41 1.46 0.55 - 3.88 

 all Burkitt lymphoma (BL)/BL-like cases vs. HIV+ controls 
IL6 12 1.58 0.48 - 5.25 unable to estimate 10 13.99 0.37 - 529.86

CRP 14 1.27 0.43 - 3.69 14 2.61 0.93 - 7.33 13 1.19 0.56 - 2.53 
sCD27 14 8.40 0.67 - 106.13 14 5.95 0.56 - 63.02 13 2.76 0.45 - 16.91 
sCD30 14 19.47 0.79 - 477.83 unable to estimate  13 2.72 0.56 - 13.17 
sCD23 13 2.14 0.51 - 9.08 14 2.88 0.69 - 11.91 13 2.49 0.61 - 10.19 

IgE 14 0.87 0.43 - 1.75 14 1.12 0.61 - 2.03 13 0.41 0.15 - 1.16 
IL10 unable to estimate unable to estimate 13 1.21 0.38 - 3.85 

c: unable to estimate ORs and CI due to sparse data 


