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Abstract

AIDS-related Kaposi’s sarcoma (AIDS-KS) risk remains substantially elevated compared with the
general population, even among patients who receive effective combination antiretroviral therapy.
This study investigated the role of inflammatory and immune activating biomarkers in AIDS-KS
in men who have sex with men in the Multicenter AIDS Cohort study between 1984 and 2010.
Concentrations of 24 serum biomarkers; IL-1, IL-2, IL-6, IL-8, IL-10, IL-12p70, sGP130,
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sIL-2Ra, sIL-6R, eotaxin, MCP-1, MCP4, MIP 1B, TARC, BLC-BCAL1, IP-10, GM-CSF, IFN-,
BAFF, sCD14, CD27, sTNFR-2, sCRP, and TNF-a were tested longitudinally in 1,501 men. The
concentrations of each biomarker were compared between AIDS-KS cases and controls at multiple
time points, 0-1 years, 1-2 years, 2—3 year, 3-5 years and over 5 years, prior to KS diagnosis or
study termination, using univariate non-parametric Kruskal-Wallis tests and logistic regression,
adjusted for HBV and HCV co-infection, race/ethnicity, age at last visit, education, smoking and
CD4+ cell count. In univariate analyses, concentrations of four markers were consistently higher
in cases; sIL-2Ra., IP-10, sSTNFR-2, MCP-1, and five were higher in controls; GM-CSF, IL-6,
MIP-1B, sCRP, sGP130. In the adjusted models concentrations of four markers were significantly
inversely associated with AIDS-KS risk including sGP130 (OR=0.14, 95% CI = 0.03-0.73, BAFF
(OR=0.60, 95% CI =0.16-0.90), sCRP (OR=0.61, 95% CI = 0.43-0.87) and IL-6 (OR=0.51, 95%
Cl =0.35-0.76). These results support a role for markers of immune activation and inflammation
in AIDS-KS and may highlight pathways to be targeted for risk stratification or therapeutics.
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Introduction:

AIDS related Kaposi’s sarcoma (AIDS-KS) was one of the first HIV related complications
categorized as an AIDS defining illness. This cancer was studied extensively at the
beginning of the epidemic, as there is an approximate 30% risk of development if co-
infected with HIV and the human herpes virus 8 (HHV-8) and untreated over 10 years (1, 2).
After highly active antiretroviral therapy (HAART) was introduced, it was expected the rates
of AIDS-KS would decrease back to pre-epidemic levels in the US, approximately 3 cases
per 1000 person-years from the height of epidemic at 25 cases per 1000 person-years (2).
However, these rates only subsided to approximately 7.5 cases per 1000 person-years,
adding significant morbidity and mortality for those who are HIV positive (2, 3, 4, 5, 6).

HHV-8 was discovered in 1994, well after AIDS-KS had been an active concern in the HIV
epidemic (7, 8). The virus is necessary for AIDS-KS to occur and is estimated to have a 20—
77% prevalence in high-risk HIV positive populations (1, 9, 10, 11, 12). HHV-8 is
transmitted horizontally and vertically via blood, transplant-related transmission or sexual
contact and is generally asymptomatic in healthy populations;3. HHV-8 is a lifelong
infection for which there are currently no treatments available (12).

HHV-8 targets the lymphatic system where, after a brief lytic phase, usually enters a
dormant latent phase, which causes low levels of inflammation (10, 12, 14, 15, 16). In those
with a suppressed immune system, HHV-8 can cycle back into the lytic phase, causing
chronic inflammation and activated immune response (10, 12, 17, 18, 19, 20, 21, 22). This
dual inflammation from HHV-8 and HIV can fatigue the immune system by introducing
additional target cells for both viruses and diminishing the resources to fight these and other
infections over time (10, 12, 16, 17, 18, 19, 20, 21, 22).
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This inflammation can be measured via cytokines and chemokines using peripheral blood,
which provides the opportunity to investigate whether there is a biological pattern of
inflammation and immune response prior to AIDS-KS development. This traceable
biological response to HHV-8 and HIV co-infection and the subsequent development of
AIDS-KS may allow an opportunity to develop a blood based screening test for an at risk
population to help with early diagnosis and minimize AIDS-KS related morbidity and
mortality.

The goal of this study was to assess the concentrations of inflammatory and immune
activation biomarkers at specific time points, 0-1 years, 1-2 years, 2-3 years, 3-5 years and
over 5 years prior to diagnosis and, by use of step wise logistic regression, to determine
biomarkers that may be predictive of AIDS-KS development at 2—-3 years prior to diagnosis.
This was done with a nested case control study of men who have sex with men.

Population Description:

This protocol has been approved by University of California- Los Angeles Institutional
Review Board 1: 10-001677. Participants were selected from the Multicenter AIDS Cohort
Study (MACS), which is a prospective cohort of men who have sex with men that began in
1988 and has had three major recruiting periods; 1987-1991, 2001-2003 and 2014-present.
Four academic institutions in Baltimore, Chicago, Los Angeles and Pittsburgh recruited a
total of 6,972 men. These men participate in in-person interviews, computer assisted
interviews, as well as physical exams, blood collection and clinical lab work at biannual
visits. Information regarding the HIV’s natural history, psychological factors, medical
history, demographics, treatment effects and other clinical manifestations of HIV are
assessed at these visits. The MACS has been comprehensively described elsewhere (23, 24,
25).

In 2009 the MACS began the ARRAL biomarker sub-study with the goal of using the
cohort’s repository of blood samples to assess the effects of immune activation and
inflammation in the progression of HIV infection. ARRA1 focused on those participants in
the MACS who were long term non-progressors, those who advanced to AIDS defining
illnesses (including cancer) and those who were HAART initiators. There were a total of
1885 subjects whose samples were selected and evaluated for biomarkers of immune
activation and inflammation. This study is focused on the 24 immune activation and
inflammation biomarkers selected by the MACS and were known the be associated with
immune activation and/or systemic inflammation (26, 27). The MACS and all resulting
studies using this data have been reviewed and approved annually by the Institutional
Review Board for each participating institution.

Data Acquisition and Quality Control

Data sets including a complete summary of all ARRA1 biomarkers, participants’
longitudinal biomarker data, and time varying confounding information were provided by
the MACS consortium. Confounding variables included smoking, alcohol use, injection drug
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use, sexual activity, body mass index, co-infections, HIV seroconversion dates, first and last
dates of HIV treatment, comorbidities, race/ethnicity, date of birth, and education. Cancer
diagnosis information. AIDS-KS diagnoses were captured through self-report verified by
pathology reports, autopsy, or through matching with cancer registers.

The data sets were combined to create a large composite longitudinal data set. In several
cases, the visits from the individual longitudinal data sets were differing, resulting in missing
data. If biomarkers and covariate data were missing, the value from the previous visit was
used. Variables for time prior to diagnosis for cases or the end of the study timeframe for
controls in days was created based on the last visit date or diagnosis date provided by the
MACS consortium. All visits prior to HIV seropositivity and after AIDS-KS diagnosis were
excluded.

Covariates and confounding variables

The potential confounders and covariates were assessed for missing values, outliers and
skewed distributions. The averages and standard errors (SE) for potential covariates for the
time period used in the logistic regressions can be found in Table 1 for all participants and
stratified by case status. Correlations between the potential covariates was also assessed and
no correlation was greater than 0.75.

Biomarker variables

Twenty-four inflammation and immune activation biomarkers were assessed including:
Interleukins: (IL) 1B, 2, 6, 8, 10, 12p70 and glycoprotein 130 (SGP130) as well as receptors ,
sIL-2Ra and sIL-6R; chemokines: eotaxin, MCP-1, MCP4, MIP 1B , TARC, BLC-BCA1
and IP-10; and other markers including: GM-CSF, IFN-y , BAFF, sCD14, CD27, STNFR-2,
SCRP, and TNF-a.. All of these markers except for SCRP were measured using multiplex
immunometric assays, using two multiplex assay platforms (MesoScale Discovery-MSD or
Luminex). sSCRP was measured by Quest Diagnostics using a clinically validated assay. All
samples were run at the same time for each participant (26, 27).

Each of the biomarkers were assessed for outliers, missing values and skewness. Most
markers were skewed to the left with extreme outliers. For biomarkers with values below the
detectable level, they were revalued as half of the lowest limit for the biomarker and values
above the detectable level assigned the highest value. There were five biomarkers that had
greater than 10% of values were that were below the lowest detectable limit; IL-1B, GM-
CSF and IFN-y were missing in approximately 30% of study participants, IL-2 was missing
18% and IL-12p70 was missing for 11% of the study population. IL-10 and IL-12p70 were
statistically significantly correlated (r=0.77), as well asIL-1p and IL-6 (r=0.80).

Analysis strategies

The average concentration of each biomarker was estimated for all participants, for AIDS-
KS cases only and for unaffecteds only. Visits were then divided into five time points, 0-1
years prior to diagnosis, 1-2 years prior, 2—3 years prior, 3-5 years prior and greater than 5
years prior to diagnosis. The average concentrations for AIDS-KS cases and non-cases was
found for each time window. Non-parametric Kruskal-Wallis tests were performed to assess
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the statistical difference between cases and controls at each time-point. Although
participants’ visits were every 6 months in the MACS, the number of case and control visits
varied based on the actual visits available in that timeframe that were analyzed by the
ARRAL sub-study. The number of participants and participant visits available for each time
frame are given below and in figure 1.

Analysis of the latest visit in the 2—3 year window prior to diagnosis or the participant’s last
visit was used for descriptive statistics and logistic regression models. This timeframe was
selected because there were the highest number of participants’ visits available and it was a
notable pivot point for several biomarkers as participants approached AIDS-KS diagnosis.
Each participant who was seen during this timeframe contributed 1 visit to the analysis.

Descriptive statistics, including age, BMI, CD4+ cell count, HIV viral load, race/ethnicity,
education, smoking status, history of radiation treatment, history of hospitalizations in the
last 6 months prior to the visit, hepatitis B (HBV) and C (HCV) infection status, cohort,
alcohol use, injection drug use, HIV medication use and sexual activity, were calculated for
all study members, as well as separately for AIDS-KS cases and controls.

Logistic regression was used to assess the odds of developing AIDS-KS given the natural
logarithmic change in each biomarker. A univariate model was run for each biomarker and
an adjusted model including age, CD4+ cell count, education status, race/ethnicity, HBV
status, HCV status and smoking status using data from the 2—3 year window prior to
diagnosis or the participant’s last visit. CD4+ cell count was used as a proxy for HIV
medication use to correct for possible noncompliance and variability in the effectiveness of
treatment over time.

All log transformed markers and the covariates were then entered into forward and backward
stepwise logistic regressions in order to determine a possible predictive model for estimating
risk of AIDS-KS at 2-3 years prior to diagnosis. Controls were selected based on
participation in the ARRA sub-study for at least one visit during the period between 2-3
years prior to study end. The visit in this timeframe closest to diagnosis was selected if more
than on visit was available. A total of 37 AIDS-KS cases and 668 controls had visits
available for analysis in the 2-3 year prior to diagnosis window and were used for this part
of the analysis. All statistical analyses were performed using SAS Software 9.4 (SAS
Institute, Cary, NC, USA, 2018).

Population description

The average age at the last visit for all participants was 52.5 (SE = 12.45) years, with those
participants who were AIDS-KS cases being an average of 34.58 (SE = 13.10) years old and
controls were 53.5 (SE = 11.64) years old. The average BMI was 23.76 (SE = 3.66) kg/m?2 in
AIDS-KS cases and controls were slightly overweight with an average of 25.42 (SE = 4.39)
kg/mZ2. The average CD4+ cell count and viral load varied significantly between cases and
controls with cases having cell counts of 373.89 (SE = 156.08) cells and a viral load of
100,579 (SE =130,706) copies/ml, while controls had 582.04 (SE =298.36) cells and a viral
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load of 37,944.65 (SE =271,527) copies/ml. There was also a significant difference in the
type of therapy for HIV used by cases and controls. Among cases 51.61% took no therapy
compared to 11.66% of controls; 22.58% of cases had monotherapy compared to 3.37% of
controls; 9.68% of cases took combination therapy compared to 6.90% of controls and only
16.13% of cases took potent ART compared to 78.07% of controls.

Subjects in both groups were more likely to be white, with 83.78% of cases and 58.53% of
controls identifying as white. In addition, 8.11% of cases and 27.84% of controls identified
as African American and 2.7% of cases and 11.64% of controls identified as Hispanic. The
cases were more likely to have completed high school or college. 47.22% of cases earned a
high school diploma and 52.78% of cases graduated college. Of the controls 8.25% did not
complete high school, while 50.22% have a high school diploma as their highest educational
attainment and 41.53% having finished college. Cases were more likely to be recruited at the
Los Angeles site, with 48.65% of them originating there compared to 27.84% of controls,
while only 5.41% of cases came from Baltimore compared to 26.65% of controls. AIDS-KS
cases were also more common in the 1984 cohort with 64.86% of cases from this time
compared to 35.93% of controls. The controls were most likely to be from the 2010 period,
from which 41.92% of controls and 10.81% of cases originated.

The rates of HBV and HCV infection were similar in both groups, as was radiation
exposure, hospital stays within 6 months prior to the visit and the use of alcohol and
steroids. The use of anti-inflammatory drugs and statins were both higher in the control
group compared to the case group (42.51% of controls vs. 21.62% of cases and 25.60% of
controls vs. 2.75% of cases respectively). Cases were more likely to be current smokers
(62.16%) compared to controls (42.22%) and were more likely to have had sexual activity
since their last visit, with 94.59% of cases reporting activity compared to 66.36% of
controls. A detailed description of demographic information for the population is located in
Table 1.

Analysis of Biomarker Concentration Averages

Over 5 Years Prior to Diagnosis—There were 11,114 visits from 797 participants that
took place over five years prior to diagnosis that included 92 visits from 21 AIDS-KS cases
and 11,022 visits from 776 controls. sIL-2Ra, sIL-6R, IL-10, IP-10, MCP-1, TNF-a,
eotaxin, BLC-BCAL, CD27 and sTNFR-2 were all statistically significantly higher in AIDS-
KS than controls. sGP130, IL-2, IL-6, SCRP, MCP-4, TARC and MIP-1p were significantly
lower in AIDS-KS cases than controls.

3 to 5 Years Prior to Diagnosis—Between three and five years prior to diagnosis there
were 2,395 total visits from 757 participants including 96 from 33 AIDS-KS cases and 2,299
visits from 724 controls. Eleven of the biomarkers were statistically elevated in AIDS-KS
cases compared to controls including: IFN-y, sIL-2Ra, sIL-6R, IL-10, IP-10, MCP-1, TNF-
a, BAFF, BLC-BCA1, CD27 and sTNFR-2. Seven markers were higher in controls than
cases during these two years, including; I1L-1p, IL-2, IL-6, MCP-4, MIP-1B, sGP130 and
SCRP. All markers maintained their general trends from the previous time point.
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2 to 3 Years Prior to Diagnhosis—The analysis of two to three years prior to diagnosis
included 1,227 visits from 705 participants, 37 of which were AIDS-KS cases contributing
72 visits and 668 were controls contributing 1,155 visits. There were seven biomarkers that
continued to be statistically significantly higher in controls than cases, IL-2, sIL-6R, IP-10,
BAFF, BLC-BCA1, CD27 and sIL-2Ra., while nine were higher in controls than cases: IFN-
¥, SGP130, IL-8, IL-10, TNF-a, SCRP, sSTNFR-2, MCP-4 and MIP-1p.

This time point was a pivoting point for several of the biomarkers. IL-8 and SCRP were
considerably lower in AIDS-KS cases than controls up to this point, but as diagnosis
approached, levels in cases made dramatic shifts to equalizing and exceeding the
concentrations found in controls. The other biomarkers generally maintained their trends,
with the exception of IL-10 and IL-12p70, in which cases spiked lower and higher,
respectively, than controls, but the differences were not statistically significant for IL-12p70.

1 to 2 Years Prior to Diagnosis—The analysis for the two years prior to diagnosis was
conducted by only including visits that occurred in between the one year mark and two year
mark prior to diagnosis. There were 1,298 visits from 754 participants with 58 visits of 35
AIDS-KS cases and 1,240 visits from 719 controls, which were all available visits from the
ARRAL sub-study during this timeframe. The averages of each biomarker were found within
the 2-year time restriction. Sixteen of the markers were found to be statistically significantly
different in the AIDS-KS case visits compared to the unaffected visits. Eotaxin, IL-2,
sGP130, BAFF, CD27 and MIP-1B were all statistically significantly higher in the controls,
than in the subsequently affecteds. IFN-vy, sIL-2Ra,, sIL-6R, IL-10, IP-10, TNF-a, MCP-1,
sCD14, BLC-BCA1 and sTNFR-2 were found to be higher in the subsequent AIDS-KS
cases than those unaffected. All other biomarkers maintained their general trend, but no
longer met statistical significance, with the exceptions of SCRP and IL-8 for which the group
with the higher level changed, but these relationships were not statistically significant.

0 to 1 Year Prior to Diagnosis—The analysis for one year prior to diagnosis was
conducted using only visits that occurred in the year prior to an AIDS-KS diagnosis or the
participant’s last visit. There were a total of 1,340 visits from 802 participants, 89 AIDS-KS
case visits from 39 participants and 1,251 control visits from 763 participants. The means of
each biomarker was found within the time restrictions and a Kruskal-Wallis test was
conducted to determine the statistical significance. Fifteen of the 24 markers were found to
be statistically significantly different in the AIDS-KS case visits compared to the unaffected
visits. IL-1p, IL-2, MIP 1p and sGP130 were all statistically significantly higher in the
controls, than in the subsequently affecteds. IFN-vy, sIL-2Ra, SIL-6R, IL-10, BAFF, sCD14,
sIL-2Ra, STNFR-2, IP-10, MCP-1, CD27 and TNF-a were found to be higher in the
subsequent AIDS-KS cases than in the controls.

All Available Visits Prior to Diagnosis—There were a total of 17,374 visits analyzed
with 407 visits from 79 individuals who developed AIDS-KS and 16,967 visits from 1422
individuals who did not. The means of each of the biomarkers were determined and then the
means stratified by case status. Twenty of the 24 biomarkers’ means were statistically
significant different over the course of all study visits. Those with statistically significantly
higher values in the AIDS-KS cases were IFN-y, MCP-1, IFN-vy, sIL-6R, sIL-2Ra., IL-10,
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BLC-BCAL, CD27, sSTNFR-2, sCD14, TNF-a, and IP-10. Those with statistically
significantly higher in the those unaffected were, IL-1p, IL-2, BAFF, sGP130, IL-8, IL-6,
SCRP, MCP-4, MIP 1B and TARC.

Logistic Regression Analysis

The logistic regression analysis was performed using data from the visit closest to diagnosis
between 2 and 3 years prior to diagnosis. There were 705 available participants in this
timeframe, each contributing one visit, including 37 AIDS-KS cases and 668 controls. Each
biomarker was log transformed and entered into a univariate logistic regression model and a
logistic model adjusted for HBV co-infection, HCV co-infection, race/ethnicity, age at last
visit, education, smoking and CD4+ cell count.

In the univariate models, six markers showed an increased risk of AIDS-KS when these
were elevated. These biomarkers include IFN-y (OR=1.19; CI=.02, 1.38; p=.0257), IL-1p
(OR=1.18; CI=.00, 1.39; p=.0484), IL-2 (OR=1.18; CI=.01, 1.39; p=.0438), sIL-2Ra
(OR=2.86; Cl=.64, 4.95, p=.0002), IL-10 (OR=1.46; CI=.19, 2.54; p=.001) and IP-10
(OR=1.74; CI=.19, 2.54 p=.0043). Two markers that had lower values showed an increased
risk of AIDS-KS, including MIP-1B (OR=.62; CI=.39, .98; p=.0400) and sGP130 (OR=.22;
Cl=.05, .93; p=.0399).

In the adjusted models there were no markers that were statistically significantly associated
with an increased risk in AIDS-KS. There were four markers that inversely associated with
AIDS-KS sGP130 (OR=0.14; CI=0.03, 0.73; p=.0197), BAFF (OR=.60;

Cl=.16, .90p=.0282), sCRP (OR=.61; Cl=.43, .87; p=.0064) and IL-6 (OR=.51; Cl= .35, .76;
p=.0009) (Figure 2). The adjusted models were statistically significantly better fitting
models as assessed by the likelihood ratio test.

Step-Wise Logistic Regression

All biomarkers and covariates from the adjusted logistic model were used for forward and
backward stepwise logistic regression models. At each step in the backwards selection the
criterion to remove a variable was that it be the least significant variable whose p-value was
greater than 0.15. Likewise, at each step the criterion for allowing a variable to enter the
regression model was that it be the most significant variable whose p-value was less

than .10. Fisher’s scoring was used to determine the p-values. Of the 705 visits available in
the 2-3 year prior to diagnosis window, 477 were used, including 25 AIDS-KS cases and
452 controls, due to incomplete data for covariates.

In the forward stepwise regression ten variables were found to be significant at a=.05,
including age (OR=.91; 95% Cl= .88, .95; p=<.0001), HBV (OR= 3.02; CI=1.38, 6.64;
p=.0059), SCRP (OR=.48; 95% Cl= .28, .82; p=.0070), CD4+ cell count (OR=.69; 95%
Cl=.52, .91; p=.0085), sIL-2Ra (OR= 4.74; 95% Cl= 1.40, 15.98; p=.0122), sGP130
(OR=.07; 95% CI= .01, .57; p=.0126), education status (OR= 1.65; Cl=1.02, 2.68;
p=.0135), IL-6 (OR=.40; 95% CI= .19, .84; p=.0157), smoking status (OR= 4.30; 95% Cl=
1.30, 14.23; p=.0168), and IL-1p (OR= 1.40; 95% CIl=1.06, 1.85; p=.0176) (Figure 3). Only
one marker, GM-CSF (OR=.67; 95% ClI= .44, 1.01; p=.0568), had a p-value between .05
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and .10. The forward stepwise regression model has a Hosmer-Lemeshow goodness of fit
statistic corresponding to p=.8821.

In the backward stepwise regression GM-CSF, IL-1p, sIL-2Ra, SCRP, age, CD4+ cell count,
smoking status, HBV infection, and education status all remained in the model with similar
values as the forward stepwise regression. sGP130 and IL-6, which were included in the
forward model, were both eliminated with p=.2738 and p=.3231 respectively (Figure 4). In
addition, in the backward model BAFF achieved a statistical significance of under a=.05
with p=.0330, which it had not in the forward model. The remaining variables all achieved
similar levels of statistical significance as they had in the forward model.

Discussion:

This study approached the comparisons of the concentrations of inflammatory and immune
activating biomarkers by reviewing the average concentrations in cases and controls during
multiple time points prior to diagnosis or the end of the study and by conducting a case-
control analysis that allowed the inclusion of the maximum number of cases, which occurred
by using 2-3 years prior to diagnosis timeframe.

The comparison of averages of the biomarkers’ concentrations did show that the groups had
significantly different levels at most time points for many markers. In the 1-year prior
analysis, which had the least amount of data points available, nearly half of the markers
showed difference between cases and the controls. These differences in averages may inform
which markers should be examined together and for those markers with differences, further
analysis of the levels at earlier time points can be examined separately from an “all visit”
analysis to determine when the discrepancy begins.

The observation of the changes in the averages of the biomarkers over time demonstrated not
only a change in average values, but how those averages behaved over time. Many markers
mirrored general trends in both groups, indicating that the changes are normal and not due to
AIDS-KS development, however for sCD14, 1L-12p70, IL-10 and IL-8, the trends were very
different from the trends in the control group.

The analysis of the several years prior to diagnosis or the end of the study demonstrates that
the biomarkers in individuals unaffected by AIDS-KS remain very stable. In most of the
biomarkers, the trajectory for the cases was also stable, although different from those
unaffected. The exceptions noted were IL-8, IL-10 and IL-12p70. Among these, IL-10 was
seen to be increasing closer to diagnosis in those with AIDS-KS and IL-12p70 was
decreasing, both of which would be consistent with reduced Ty cell differentiation (28).
IL-8 was also seen to increase over time which may be related to their angiogenic activities;
a hallmark of KS (28).

The results of the logistic regression demonstrate a significant decrease in IL-6, BAFF,
sGP130 and sCRP. IL-6 was of particular interest as it was consistently lower in cases than
controls. HHV-8 produces a viral version of IL-6 (vIL-6), which can independently act as
IL-6 in order to increase the acute immune response, increase inflammation and promote the
lytic phase of the HHV-8 lifecycle. This viral version activates the IL-6 receptor (SIL-6R),
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but would not be detected on the IL-6 biomarker analysis. If the viral version is readily
available, it is possible the cases may have produced less IL-6, sensing it was already
abundant. In addition to the IL-6 concentrations being lower, sIL-6R concentrations were
consistently higher in cases than controls. This inverse relationship between the interleukin
and its receptor may be related to this production as the virus becomes lytic and produces
more of the viral version indicating more active HHV-8 infection (29, 30).

Consistently, sGP130 and sCRP production are related to IL-6 with sGP130 being a
stabilizer for the IL-6 receptor complex and SCRP being produced by the liver when IL-6
concentrations are high (28). BAFF’s association with AIDS-KS switched from hazardous to
lower concentrations indicating a lower risk once other factors were taken into account.
BAFF is largely associated with B-cell proliferation and a lower level may be consistent
with immune fatigue, which could lead to a pro-cancer environment (18, 21, 23, 31).

The full model included the participant’s age, race/ethnicity, CD4+ cell count, HBV co-
infection, HCV co-infection, education and smoking status. Several of these variables may
include errors as these were collected by survey, but in general the MACS surveys are well
validated and consistent. CD4+ cell count and education were used as proxies for the
advancement of HIV infection and socioeconomic status respectively and may not be perfect
proxies in all cases.

The ARRAL sub-study, from which these data originated, may also influence the results as
the original study population selected was not specifically for the study of AIDS-KS. The
participants may have developed AIDS-KS after the study period, which if within a close
proximity to the end of the study, may have biased the results toward the null. In addition
those selected for ARRAL may have had other AIDS defining illnesses, be a long term non-
progressor or have other special circumstances that made them desirable to include. This
may create a control population that is not a true reflection of those at risk for AIDS-KS
outside of the study.

This study was able to utilize all available cases of AIDS-KS in the ARRA1 sub-study of the
MACS, which is one of the largest available datasets to investigate the effect of
inflammation and immune activation prior to AIDS-KS diagnosis. Decreased levels of 1L-6
and its downstream targets, sGP130 and sCRP, as well as BAFF, correlated with a greater
risk of AIDS-KS. This information can inform future research to investigate a possible
model for early detection of AIDS-KS in at risk men.

Acknowledgments

This work was supported by the National Institutes of Health [grant number CA09142]. RB was supported by a pre-
doctoral fellowship from the National Institutes of Health, National Cancer Institute T32 CA09142.

Data in this manuscript were collected by the Multicenter AIDS Cohort Study (MACS) with centers at Baltimore
(U01-Al35042): The Johns Hopkins University Bloomberg School of Public Health: Joseph B. Margolick (PI),
Todd Brown (PI), Jay Bream, Adrian Dobs, Michelle Estrella, W. David Hardy, Lisette Johnson-Hill, Sean Leng,
Anne Monroe, Cynthia Munro, Michael W. Plankey, Wendy Post, Ned Sacktor, Jennifer Schrack, Chloe Thio;
Chicago (U01-Al35039): Feinberg School of Medicine, Northwestern University, and Cook County Bureau of
Health Services: Steven M. Wolinsky (PI), Sheila Badri, Dana Gabuzda, Frank J. Palella, Jr., Sudhir Penugonda,
John P. Phair, Susheel Reddy, Matthew Stephens, Linda Teplin; Los Angeles (U01-Al35040): University of
California, UCLA Schools of Public Health and Medicine: Roger Detels (PI), Otoniel Martinez-Maza (P1), Otto

Cancer Res Front. Author manuscript; available in PMC 2021 January 29.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bolanos et al.

Page 11

Yang (Co-Pl), Peter Anton, Robert Bolan, Elizabeth Breen, Anthony Butch, Shehnaz Hussain, Beth Jamieson, John
Oishi, Harry Vinters, Dorothy Wiley, Mallory Witt, Stephen Young, Zuo Feng Zhang; Pittsburgh (U01-Al35041):
University of Pittsburgh, Graduate School of Public Health: Charles R. Rinaldo (PI), Lawrence A. Kingsley (P1),
Jeremy J. Martinson (PI), James T. Becker, Phalguni Gupta, Kenneth Ho, Susan Koletar, John W. Mellors, Anthony
J. Silvestre, Ronald D. Stall; Data Coordinating Center (UM1-AlI35043): The Johns Hopkins University Bloomberg
School of Public Health: Lisa P. Jacobson (PI), Gypsyamber D’Souza (PI), Alison Abraham, Keri Althoff, Michael
Collaco, Priya Duggal, Sabina Haberlen, Eithne Keelaghan, Heather McKay, Alvaro Mufioz , Derek Ng, Anne
Rostich, Eric C. Seaberg, Sol Su, Pamela Surkan, Nicholas Wada. Institute of Allergy and Infectious Diseases:
Robin E. Huebner; National Cancer Institute: Geraldina Dominguez. The MACS is funded primarily by the
National Institute of Allergy and Infectious Diseases (NIAID), with additional co-funding from the National Cancer
Institute (NCI), the National Institute on Drug Abuse (NIDA), and the National Institute of Mental Health (NIMH).
Targeted supplemental funding for specific projects was also provided by the National Heart, L ung, and Blood
Institute (NHLBI), and the National Institute on Deafness and Communication Disorders (NIDCD). MACS data
collection is also supported by UL1-TR001079 (JHU ICTR) from the National Center for Advancing Translational
Sciences (NCATS) a component of the National Institutes of Health (NIH), and NIH Roadmap for Medical
Research. The contents of this publication are solely the responsibility of the authors and do not represent the
official views of the National Institutes of Health (NIH), Johns Hopkins ICTR, or NCATS. The MACS website is
located at http://aidscohortstudy.org/.

The research was also supported by the HIV Prevention Trials Network (HPTN) sponsored by the National Institute
of Allergy and Infectious Diseases (NIAID), the National Institute on Drug Abuse (NIDA), the National Institute of
Mental Health (NIMH), and the Office of AIDS Research, of the National Institutes of Health (NIH), Dept. of
Health and Human Services (DHHS) (UM1-Al068613)

Abbreviations:

AIDS Acquired Immune Deficiency Syndrome

AIDSKS Acquired Immune Deficiency Syndrome Related Kaposi’s Sarcoma
BAFF B-Cell Activating Factor

BLC/BCA1 B Lymphocyte Chemoattractant/ B Cell Attracting Chemokine-1
BMI Body Mass Index

CD4 Cell Differentiation 4 Positive

GM-CSF Granulocyte Macrophage Colony Stimulating Factor

HAART Highly Active Anti-Retroviral Therapy

HHV-8 Human Herpes Virus 8

IFN-y Interferon- Gamma

IL-1B Interleukin 1-Beta

IL-2 Interleukin 2

IL-6 Interleukin 6

IL-8 Interleukin 8

IL-10 Interleukin 10

IL-12 Interleukin 12

IP-10 Interferon Gamma Producing Protein 10

Cancer Res Front. Author manuscript; available in PMC 2021 January 29.


http://aidscohortstudy.org/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bolanos et al.

References

1.

Page 12

KS Kaposi’s Sarcoma

MCP1 Monocyte Chemoattractant Protein 1
MCP4 Monocyte Chemoattractant Protein 4
MIP1f Macrophage Inflammatory Protein 1-Beta
sCD14 Soluble Cluster Differentiation 14

SCRP Soluble C Reactive Protein

sGP130 Soluble Glycoprotein 130

SIL2Ra Soluble Interleukin 2 Receptor Alpha
sIL6R Soluble Interleukin 6 Receptor

STNFR2 Soluble Tumor Necrosis Factor Receptor 2
TARC Thymus and Activation Regulator Chemokine
TNF-a Tumor Necrosis Factor Alpha

vIL-6 Viral Interleukin 6

Rezza G, Andreoni M, Dorrucci M, Pezzotti P, Monini P, Zerboni R, et al. Human herpesvirus 8
seropositivity and risk of Kaposi’s sarcoma and other acquired immunodeficiency syndrome-related
diseases. NCI J Natl Cancer Inst. 1999; 91(17): 1468-1474. doi: 10.1093/jnci/91.17.1468.

. Jacobson LP, Yamashita TE, Detels R, Margolick JB, Chmiel JS, Kingsley LA, et al. Impact of

potent antiretroviral therapy on the incidence of Kaopsi’s sarcoma and non-Hodgkin’s lymphomas
among HIV-1 infected individuals: Multicenter AIDS Cohort. JAcquir Immune Defic Syndr.
1999;Sug 1;21 Suppl 1: S34-41. [PubMed: 10430217]

. Seaberg EC, Wiley D, Martinez-Maza O, Chmiel JS, Kingsley L, Tang Y, et al. Cancer incidence in

the Multicenter AIDS Cohort Study before and during the HAART era: 1984-2007. Cancer.
2010;116(23):5507-5516. doi:10.1002/cncr.25530. [PubMed: 20672354]

. Kaposi sarcoma treatment. National cancer Institute website. Published March 21, 2016 Accessed

March 29, 2016 http://www.cancer.gov/types/soft-tissue-sarcoma/patient/kaposi-treatment-
pdg#section/_1.

. Robey R, Bower M. Facing up to the ongoing challenge of Kaposi’s sarcoma. Curr Opin Infect Dis

2015;28:31-40. doi: 10.1097/Q0D.0000000000000122. [PubMed: 25490104]

. Manzardo C, Guardo AC, Letang E, Plana M, Gatell JM, Miro JM. Opportunistic infections and

immune reconstitution inflammatory syndrome in HIV-1-infected sdults in the combined
antiretroviral therapy era: A comprehensive review. Expert Review of Anti-infective Therapy.
2015;13:6, 751-767. doi: 10.1586/14787210.2015.1029917. [PubMed: 25860288]

. Chang Y, Cesarman E, Pessin MS, Lee F, Culpepper J, Knowles DM, et al. Identification of

herpesvirus-like DNA sequences in AlDS-associated Kaposi’s sarcoma Science.
1994;266(5192):1865-1869. doi: 10.1126/science.7997879. [PubMed: 7997879]

. Moore P, Chang Y. Detection of herpesvirus-like DNA sequences in Kaposi’s sarcoma in patients

with and those without HIV infection. N Engl J Med. 1995; 332:1181-1185. doi: 10.1056/
NEJM199505043321801. [PubMed: 7700310]

Cancer Res Front. Author manuscript; available in PMC 2021 January 29.


http://www.cancer.gov/types/soft-tissue-sarcoma/patient/kaposi-treatment-pdq#section/_1
http://www.cancer.gov/types/soft-tissue-sarcoma/patient/kaposi-treatment-pdq#section/_1

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bolanos et al.

Page 13

9. A snapshot of Kaposi sarcoma: Incidence and mortality. National Cancer Institute website.
Published 2014 Accessed March 29, 2016 http://www.cancer.gov/research/progress/snapshots/
kaposi-sarcoma.

10. Schulz T, Cesarman E. Kaposi Sarcoma-Associated Herpesvirus: Mechanisms of Oncogenesis.
Current Opinion in Virology. 2015;14:116-128. doi: 10.1016/j.coviro.2015.08.016. [PubMed:
26431609]

11. Bhutani M, Polizzotto M, Uldrick T, Yarchoan R. Kaposi sarcoma-associated herpesvirus-
associated malignancies: Epidemiology, pathogenesis, and advances in treatment. Semin Oncol.
2015; 42:223-246. doi: 10.1053/j.seminoncol.2014.12.027. [PubMed: 25843728]

12. Guidelines for the prevention and treatment of opportunistic infections in HIV-infected adults and
adolescents: Human herpesvirus 8. National Institute of Health website. Published May 7, 2013
Accessed August 10, 2016 https://aidsinfo.nih.gov/guidelines/html/4/adult-and-adolescent-oi-
prevention-and-treatment-guidelines/342/hhv-8.

13. Pica F, Volpi A Transmission of human herpesvirus 8: An Update. Curr Opin Infect Dis. 2007, 4,
20(2):152-6. doi: 10.1097/QC0O.0b013e3280143919. [PubMed: 17496573]

14. Campisi J, d’Adda di Fagangna F. Cellular senescence: When bad things happen to good cells.
Nature Review Molecular Cell Biology. 2007;8;729-740. doi: 10.1038/nrm2233. [PubMed:
17667954]

15. Hayflick L The limited in vitro lifetime of human diploid cell strains. Exp. Cell Res 1965;37: 614—
636. [PubMed: 14315085]

16. Loaiza N, Demaria M. Cellular senescence and tumor promotion: Is Aging the Key? Biochimeica
et Biophysica Acta- Reviews on Cancer. 2016;1865: 155-167. doi: 10.1016/j.bbcan.2016.01.007.

17. Flepisi BT, Bouic P, Sissolak G, Rosenkranz B. Biomarkers of HIV-associated Cancer. Biomarkers
in Cancer. 2014;6 11-20 doi:10.4137/BIC.S15056. doi: 10.4137/BIC.S15056. [PubMed:
25057241]

18. Cavallin LE, Goldschmidt-Clermont P, Mesri EA. Molecular and Cellular Mechanisms of KSHV
Oncogenesis of Kaposi’s Sarcoma Associated with HIV/AIDS. PLoS Pathog. 2014;10(7):
€1004154. doi:10.1371/journal.ppat.1004154. [PubMed: 25010730]

19. Ye F, Lei X, Gao SJ. Mechanisms of Kaposi’s Sarcoma-Associated Herpesvirus Latency and
Reactivation. Advances in Virology. 2011;193860(19). doi:10.1155/2011/193860.

20. Feller L, Wood NH, Lemmer J. HIV-Associated Kaposi Sarcoma: Pathogenic Mechanisms. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod. 2007;104:521-9. doi: 10.1016/
J.tripleo.2006.08.015. [PubMed: 17142074]

21. Sarid R, Klepfish A, Schattner A. Virology, Pathogenic Mechanisms, and Associated Diseases of
Kaposi Sarcoma-Associated Herpesvirus (Human Herpesvirus 8). Mayo Clin Proc. 2002; 77:941-
949. doi: 10.4065/77.9.941. [PubMed: 12233927]

22. Plancoulaine S, Abel L, Gessain A. Epidemiology of Human Herpes Virus 8 (HHV-8) of the
Herpes Virus Associated with Kaposi’s Sarcoma (KSHV). Pathol Biol. 2002; 50(8):496-502. doi:
10.1016/S0369-8114(02)00317-6. [PubMed: 12469519]

23. Kaslow RA, Ostrow DG, Detels R, Phair JP, Polk BF, Rinaldo CR. The Multicenter AIDS Cohort
Study (MACS): Rationale, organization, and selected characteristics of the participants. Am J
Epidemiol. 1987;126:310-18. [PubMed: 3300281]

24. Becker JT, Kingsley LA, Molsberry S, Reynolds S, Aronow A, Levine AJ, et al. Cohort Profile:
Recruitment cohorts in the neuropsychological substudy of the Multicenter AIDS Cohort Study.
International Journal of Epidemiology. 2015;44(5):1506-1516. doi:10.1093/ije/dyu092. [PubMed:
24771276]

25. Dudley J, Jin S, Hoover D, Metz S, Thackeray R, Chmiel J. The Multicenter AIDS Cohort Study:
retention after 9 %2 years. Am J Epidemiol. 1995;142:323-30. [PubMed: 7631636]

26. Wada N, Bream J, Martinez-Maza O, Macatangay B4, Galvin SR, Margolick JB, et al.
Inflammatory biomarkers and mortality risk among HIV-suppressed men: A multisite prospective
cohort study. Clinical Infectious Diseases. 2016;63:984-990. doi: 10.1093/cid/ciw409. [PubMed:
27343547]

Cancer Res Front. Author manuscript; available in PMC 2021 January 29.


http://www.cancer.gov/research/progress/snapshots/kaposi-sarcoma
http://www.cancer.gov/research/progress/snapshots/kaposi-sarcoma
https://aidsinfo.nih.gov/guidelines/html/4/adult-and-adolescent-oi-prevention-and-treatment-guidelines/342/hhv-8
https://aidsinfo.nih.gov/guidelines/html/4/adult-and-adolescent-oi-prevention-and-treatment-guidelines/342/hhv-8

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Bolanos et al.

27.

28.
29.

30.

31.

Page 14

Wada N, Jacobson L, Margolick J, Breen EC, Macatangay B, Penugonda S, et al. The effect of
HAART-induced HOV suppression on circulating markers of inflammation and immune
activation. AIDS. 2015;29:463-471. doi: 10.1097/QAD.0000000000000545. [PubMed: 25630041]
Owen J, Punt J, Stranford S. Kuby Immunology, 7th Edition WH Freeman 2013.

An J, Lichtenstein AK, Brent G, Rettig MB. The Kaposi sarcoma-associated herpesvirus (KSHV)
induces cellular interleukin 6 expression: role of the KSHV latency-associated nuclear antigen and
the AP1 response element. Blood. 2001;99(2), 649-654. doi: 10.1182/blood.V99.2.649.
Sakakibara S, Tosato G. Viral Interleukin-6: Role in Kaposi’s Sarcoma-Associated Herpesvirus-
Associated Malignancies. Journal of Interferon & Cytokine Research. 2011;31(11):791-801.
doi:10.1089/jir.2011.0043. [PubMed: 21767154]

Mackay F, Browning J. BAFF: A fundamental survival factor for B cells. Nature Reviews
Immunology. 2002;2:465-475. doi:10.1038/nrig44.

Cancer Res Front. Author manuscript; available in PMC 2021 January 29.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Bolanos et al.

\ 4

ARRA1

\ 4

Page 15

384 individuals excluded?

- *

Nmarker =1501

17,374 Visits
\ 4

0-1 year 1-2 years 2-3 years 3-5 years Over 5 years
prior to prior to prior to prior to prior to
diagnosis or diagnosis or diagnosis or diagnosis or diagnosis or
study end study end study end study end study end
No.,= 802 N,,= 754 N,3= 705 Nys= 757 Ng,= 797
1340 Visits 1298 Visits 1227 Visits 2395 Visits 11,114 Visits

28 individuals excluded?

Stepwise regression
=477

N

step

1 Excluded due to missing covariates
2 Excluded due to missing covariates

* Each participant may have multiple visits and appear in multiple time frames

Figure 1:

Study Design Schematic of the Available Number of Subjects

Cancer Res Front. Author manuscript; available in PMC 2021 January 29.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Bolanos et al.

IL-10
sIL-6R
IL-2
IL-18
sIL-2Ra
MIP 1B
IP-10
IFN-y
TNF-a
TARC
Eotaxin
IL-12p70
GM-CSF

sGP130

Figure 2:

Page 16

Hazards Ratio

Legend
@ Hazardratio
@ Hazard ratio statistically signifanct
|--] 95% Confidence interval

Odds ratios of transformed markers in models adjusted for HBV coinfection, HCV
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95% Wald confidence intervals. Black markers represent non-statistically significant ratios
and blue indicates statistical significance.
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(OR=4.8, 95% ClI= .99, 22.9) were excluded from the figure.
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Odds ratios of transformed markers in backward stepwise regression with 95% Wald
confidence intervals. Black markers represent non-statistically significant ratios and blue
indicates statistical significance. Smoking status (OR=4.4, 95% CI=1.3, 15.2) and sIL-2Ra
(OR=5.7, 95% ClI= 1.3, 25.4) were excluded from the figure.
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Average biomarker levels for AIDS-KS cases and unaffecteds prior to diagnosis or study

termination.
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