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Abstract

Objective—Some antiretroviral treated HIV-infected patients develop Kaposi's sarcoma despite

long-term suppression of HIV replication. These Kaposi's sarcoma lesions are consistent with

Kaposi's sarcoma observed in the elderly uninfected population (`classical Kaposi's sarcoma'). We

investigated potential mechanisms for this phenomenon, focusing on measures of immune

activation and T-cell senescence.

Design—We compared markers of immunosenescence, naive T cells, activation, and

inflammation in CD4+ and CD8+ T cells from antiretroviral-treated participants with new-onset

Kaposi's sarcoma (cases, n = 19) and from treated individuals without Kaposi's sarcoma (controls,

n = 47).

Results—There was increased frequency of CD4+ and CD8+ T cells with an immunosenescence

phenotype (CD57+ and CD28−) in cases vs. controls (CD4+T cells: CD57+ 7.4 vs. 3.7%, P =

0.025; CD28− 9.1 vs. 4.8%, P = 0.025; CD8+ T cells: CD57+ 41.5 vs. 27.7%, P = 0.003; CD28−

60.5 vs. 51.3%, P = 0.041). Cases had lower proportions of naïve T cells

(CD27+CD28+CD45RA+) in CD4+ (23.0 vs. 32.2%, P = 0.023) and CD8+ (11.3 vs. 20.7%, P <
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0.001) T-cell compartments. CCR5 was more highly expressed in CD4+ (16.3 vs. 11.0%, P =

0.025), and CD8+ (43.1 vs. 28.3%, P <0.001) T-cell compartments in cases vs. controls. There

was no difference in telomere length or telomerase activity in peripheral blood mononuclear cells,

or in T-cell expression of activation markers (HLADR+CD38+).

Conclusion—Among antiretroviral-treated patients, increased frequencies of T cells with an

immunosenescence phenotype and lower frequencies of naive T cells were associated with

presence of Kaposi's sarcoma among effectively treated patients. These data suggest that certain

immunologic perturbations –including those associated with aging – might be causally associated

with development of Kaposi's sarcoma.
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Introduction

Traditionally, Kaposi's sarcoma in the general population has been associated with advanced

age, in which the lesions are often isolated, indolent, and rarely systemic (classical Kaposi's

sarcoma). Kaposi's sarcoma is also found in patients with advanced immunodeficiency, in

which the lesions can be far more aggressive [1–3]. Although the advent of antiretroviral

therapy (ART) may have greatly decreased the incidence of Kaposi's sarcoma in HIV-

infected adults, Kaposi's sarcoma continues to be the most prevalent AIDS-defining

malignancy worldwide and carries with it significant morbidity and mortality [4–6].

In spite of the clinical relevance of Kaposi's sarcoma, mechanisms behind development of

Kaposi's sarcoma in the elderly have yet to be fully elucidated. We previously reported an

atypical cohort of patients who developed cutaneous Kaposi's sarcoma despite having

undetectable plasma HIV RNA levels and relatively high CD4+ T-cell counts [7]. The

Kaposi's sarcoma lesions seen in these patients ran an indolent course, and were

morphologically and clinically reminiscent of classical Kaposi's sarcoma, or the Kaposi's

sarcoma seen in the HIV-negative elderly patients. Given emerging evidence suggesting that

prolonged periods of untreated HIV infection result in accelerated and perhaps irreversible

`aging' of the immune system [8–12], we hypothesized that gradual loss of immunologic

function during advancing age, or `immunosenescence,' may account for the development of

Kaposi's sarcoma in these individuals.

Given that immunologic aging may present in both populations which develop classical

Kaposi's sarcoma – namely very old uninfected adults and long-term antiretroviral treated

adults – we hypothesized this group of patients who developed Kaposi's sarcoma in spite of

well controlled HIV would carry an immunosenescent phenotype, which would include

increased proportions of CD28− and CD57+ T cells, decreased telomere length, decreased

proliferative capacity, increased T-cell activation, and/or lower levels of naïve T cells.
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Methods

Design

This is a case–control study comparing global immunosenescence markers (CD28− and

CD57+), naive T-cell markers (CD27+CD28+CD45RA+), activation markers

(HLADR+CD38+ and CCR5+), proliferative response (carboxyfluorescein diacetate

succinimidyl ester, CFSE), and telomere length and telomerase activity in antiretroviral

treated HIV-positive individuals with active Kaposi's sarcoma (cases) vs. those without

Kaposi's sarcoma (controls). In order to determine whether any observed differences in

immune response might be due to presence or absence of human herpesvirus 8 (HHV8), we

also determined the HHV8 serology of the controls.

Participants

We identified 19 individuals on ART who developed or had active biopsy proven,

unremitting Kaposi's sarcoma after an interval of at least 24 months with viral loads less

than 75 copies RNA/ml, and peripheral CD4 cell counts more than 300 cells/μl. We also

recruited 47 HIV-positive and Kaposi's sarcoma-negative controls on ART with viral loads

less than 75 copies RNA/ml and peripheral CD4 cell counts more than 300 cells/μl. For

controls, absence of Kaposi's sarcoma in history was determined by self-report. Thus, cases

and controls were matched in terms of viral load (all <75 copies RNA/ml), and in terms of

CD4 cell threshold (>300 cells/μl). All cases and controls were HIV-positive, as determined

by standard ELISA documented at any time in the past, or by documented viral load within

6 months of enrollment, and had no history of autoimmune disease, systemic fungal or

mycobacterial infection, immunomodulatory or chemotherapy use within 1 year of

enrollment, or current other active malignancy. Women were excluded because of potential

gender effects on immune responses [13].

Recruitment and follow-up

Cases and controls were recruited from Dermatology and HIV Primary Care Practices in San

Francisco and adjacent counties, University of California, Los Angeles (UCLA) related HIV

primary care clinics, and from the Study of the Consequences of the Protease Inhibitor Era

(SCOPE), a clinic-based cohort of over 1500 HIV-infected individuals at the University of

California, San Francisco (UCSF). This study was reviewed and approved by institutional

review boards at UCSF and UCLA.

T-cell immunophenotyping

Cryopreserved T cells were characterized by flow cytometry as previously described [14].

Briefly, cryopreserved peripheral blood mononuclear cells (PBMCs) were rapidly thawed

washed and assessed for cell count and viability using the Viacount assay on a Guava

Personal Cell Analysis system (Guava Technologies Inc., Hayward, California, USA). Cells

were stained with LIVE/DEAD Fixable Aqua Dead Cell Stain Kit (Invitrogen, Grand Island,

New York, USA), and then stained with the following combination of fluorescently

conjugated monoclonal antibodies: panel 1: CD3-Pacific Blue and CCR5-PE CY5 (BD

Biosciences Pharmigen, San Diego, California, USA), CD4-PE CY7, HLA-DR-FITC and
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CD38-PE (BD Biosciences), CD57-Alexa Fluor 647 (BioLegend, San Diego, California,

USA), and CD8-Q-Dot605 (custom conjugate; Invitrogen); Panel 2: CD3-Pacific Blue and

CD28-APC (BD Biosciences Pharmigen), CD45RA-PECY7 (BD Biosciences), CD27-APC-

ALEXA 750 and CD4 PE-TR (Invitrogen), and CD8-Q-Dot605 (custom conjugate;

Invitrogen).

Stained cells were washed, re-suspended in 0.5% formaldehyde (Polyscience, Warrington,

Pennsylvania, USA), stored at 4°C, and run on a customized BD Biosciences LSR II Flow

Cytometer within 18 h. Rainbow beads (Spherotec, Lake Forest, Illinois, USA) were used to

standardize instrument settings between runs. At least 200 000 lymphocytes were collected

for each sample. CD28 and CD57 were not run in concurrent panels. Data were

compensated and analyzed in FlowJo using standard gating methods to define subsets of

CD4+ and CD8+ T cells.

Carboxyfluorescein diacetate succinimidyl ester

PBMCs were stained with CFSE, suspended in media, and stimulated as previously

described [15]. Thereafter, cells were stained for flow cytometric analysis.

Cell collection, culture, and stimulation protocol for telomerase activity and telomere
length assays

Cryogenically preserved PBMC aliquots were thawed, washed, and re-suspended in

`complete RPMI 1640,' (10% fetal bovine serum, 10 mmol/l HEPES (4-(2-hydroxyethyl)-1-

piperazineethanesulfonic acid), 2 mmol/l glutamine, and 50 IU/ml penicillin/streptomycin).

From each thawed aliquot, 1 × 106 cells were collected and pelleted for the PBMC ex-vivo

telomerase activity (Telomerase Repeat Amplification Protocol, TRAP) assay, between 1 ×

106 and 5 × 106 cells were collected and pelleted for telomere length measurements, and

2×106 cells were stimulated in culture for the activation-induced TRAP assay, using

CD2/CD3/CD28 Ab-coated beads (T Cell Expansion Kit- Miltenyi) at a bead : cell ratio of

0.5 : 1. Every 48–72 h, half the media in the wells was removed and replaced with fresh

media and 4 μl of IL-2 (10 000 U/ml) was added. At day 7, 1×106 PBMCs were collected

and pelleted for telomerase activity measurements. In some experiments, purified CD8 T

cells were obtained using Pan T isolation (Pan T Isolation Kit- Miltenyi) followed by a CD4

depletion (CD4 T Cell Isolation Kit- Miltenyi).

Telomere length real-time PCR

Telomere lengths were measured by quantitative real-time PCR, as described previously

[16]. Cells were washed twice with phosphate-buffered saline (PBS) and DNA was isolated

using the DNeasy kit (Qiagen, Valencia, California, USA) and diluted to 50 ng/100 μl in

dilution buffer. Each milliliter of buffer consists of 40 μl of Escherichia coli DNA (100 ng/

μl), 100 μl of 10×Taq polymerase buffer, and 860 μl of H20. DNA samples were boiled at

95°C for 30 min. Samples were run in triplicate in a 96-well plate in the I-

CycleriQMulticolor Real-Time Detection System (Bio-Rad, Hercules, California, USA).

Separate plates were used for the telomere PCR and the control Human β Globin (HBG)

PCR. In the telomere PCR plate, each well contained 10 μl of DNA, 10 μl of iQ SYBR

Green Super Mix, 0.2 μl of Tel primer 1 (20 μmol/l stock), and 0.8 μl of Tel primer 2 (20
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μmol/l stock), for a total of 21 μl. In the HBG PCR plate, each well contained 10 μl of DNA,

10 μl of iQ SYBR Green Super Mix, 0.3 μl of HBG primer 1 (20 μmol/l stock), and 0.7 μl of

HBG primer 2 (20 μmol/l stock), for a total of 21 μl. The sequences of the primers used were

as follows: Tel primer 1 (5′ CGGTTTGTTTGGGTTTGGGTTTGGGTTTGGGTTTGGGTT

3′), Tel primer 2 (5′ GGCTTGCCTTACCCTTACCCTTACCCTTACCCTTACCCT 3′),

HBG primer 1 (5′ GCTTCTGACACAACTGTGTTCACTAGC 3′), and HBG primer 2 (5′

CACCAACTTCATCCACGTTCACC 3′). The IQcycler program for the telomere PCR

consisted of initial denaturation at 94°C for 1 min, followed by 25 PCR cycles at 95°C for

15 s and 56°C for 1 min (single fluorescence measurement). The IQcycler program for the

HBG PCR consisted of initial denaturation at 94°C for 1 min, followed by 36 PCR cycles at

95°C for 15 s, 58°C for 20 s, and 72°C for 20 s (single fluorescence measurement). Values

were calculated as a ratio of telomere DNA to HBG DNA for each sample.

Telomerase activity measurements

Telomerase activity was determined using a modified version of the TRAP as previously

described [17]. Briefly, for each sample, 1×106 live cells were pelleted and washed twice

with PBS and cell pellets were lysed in 100 μl of lysis. To control for intersample cell

number variance, activity was normalized by nucleic acid concentration, which was

determined using the Quant-iT Ribogreen RNA Assay Kit (Molecular Probes, Eugene,

Oregon, USA). Telomeric addition and amplification was performed (BioRad iCycler) using

the following primers: Cy5-TS primer (5′Cy5 label AATCCGTCGAGCAGAGTT 3′) and

ACX primer (5′ GCGCGGCTTACCCTTACCCTTACCCTAACC 3′). Each sample was

mixed with 25 μl of Bromothenol Blue loading dye and 25 μl of sample and loading dye

were loaded and run using 10% nondenaturing PAGE in 1X TBE buffer. Gels were run at

approximately 300 V for 80 min. Gels were scanned on a STORM 865 (GE Healthcare,

Piscataway, New Jersey, USA) and quantified using the software ImageQuant 5.2 (GE

Healthcare).

Human herpesvirus 8 antibody testing

All control blood samples were tested for antibodies to HHV8 with two enzyme

immunoassays (EIAs) and one indirect immunofluorescence assay (IFA). The two EIAs

(EIA-K8.1-synthetic and EIA-ORF65-synthetic) target antibodies to open reading frame

(ORF) K8.1 and ORF 65, respectively, with use of synthetic peptides as antigen substrates

[18]. The IFA uses HHV8-infected BCBL-1 cells as an antigen substrate, in which HHV8 is

induced to its replicative phase [19]; specimens were evaluated at a dilution of 1 : 80.

Specimens that were reactive in any two tests or were positive in the IFA alone were

classified as HHV8 antibody-positive. Specimens that were non-reactive in all tests or

reactive in only one EIA were categorized as HHV8 antibody-negative. This serologic

algorithm has an estimated specificity of 97.5%, as evidenced by testing blood donors [20],

and a sensitivity of 96.3%, as evidenced by testing patients with Kaposi's sarcoma [21].

Statistical methods

Mann–Whitney comparisons were used to compare variables between HIV-positive and

Kaposi's sarcoma-positive cases vs. HIV-positive and Kaposi's sarcoma-negative controls.
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Linear regression and quartile analysis were used to further control for potential

confounding by age.

Results

Age and HIV markers of infection

The cases and controls were not significantly different with regard to CD4+ T-cell count,

CD8+ T-cell count, and viral load, although the cases were significantly older than the

controls (medians of 54 and 43 years of age, respectively, P<0.001, see Table 1).

Global immunosenescence markers CD28 and CD57

The frequency of CD8+ T cells expressing CD57 was higher in the cases than controls

(median of 41.5 vs. 27.7%, P = 0.003, Table 2). This difference remains significant after

adjusting for age and CD4 cell count (age-adjusted P=0.005, age-adjusted and CD4 cell

count-adjusted P=0.009). As compared with the controls, the cases also had a higher

frequency of CD28− CD4+ cells (median of 9.1 vs. 4.8%, P=0.025, age-adjusted P=0.030,

age-adjusted and CD4 cell-adjusted P=0.06, Table 2) and CD28−CD8+ cells (median of 60.5

vs. 51.3%, P=0.041, age-adjusted P=0.044, age-adjusted and CD4 cell count-adjusted

P=0.05, Table 2) vs. controls. There was a trend suggesting that the cases had a higher

frequency of CD57+CD4+ T cells than controls (median of 7.4 vs. 3.7%, P=0.045, age-

adjusted P=0.07, age-adjusted and CD4 cell count-adjusted P=0.12, Table 2).

T-cell maturation

The proportion of naive (CD27+CD28+CD45RA+) CD8+ T cells was lower in the cases than

the controls (median of 11.3 vs. 20.7%, P<0.001, age-adjusted P=0.022, age-adjusted and

CD4 cell count-adjusted P=0.01, Table 2). In addition, the proportion of T-effector cells

(CD27−CD28−CD45RA−) was greater in cases than the controls in both CD4+ (median of

6.7 vs. 3.0%, P=0.014, age-adjusted P=0.022, age-adjusted and CD4 cell count-adjusted

P=0.05, Table 2) and CD8+ (35.0 vs. 19.5%, P=0.005, age-adjusted P=0.05, age-adjusted

and CD4 cell count-adjusted P=0.01, Table 2) T-cell compartments. There was a trend

suggesting cases had a lower frequency of naïve (CD27+CD28+CD45RA+) CD4+ T cells

than controls (median of 23.0 vs. 32.2%, age-adjusted P=0.11, age-adjusted and CD4 cell

count-adjusted P=0.07, Table 2).

CCR5 expression

The median percentage CD4+ T cells expressing CCR5 was 16.3 for Kaposi's sarcoma-

positive cases vs. 11.0 for Kaposi's sarcoma-negative controls, (P=0.025, age-adjusted

P=0.05, age-adjusted and CD4 cell count-adjusted P=0.04, Table 2) and the median

percentage CD8+ T cells expressing CCR5 was 43.1 for Kaposi's sarcoma-positive cases vs.

28.3 for Kaposi's sarcoma-negative controls (unadjusted, age-adjusted, and age-adjusted and

CD4 cell count-adjusted P<0.001, Table 2).
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Measures for activation, proliferation, telomere length, and telomerase activity

There were no differences between cases and controls for the HLA-DR and CD38 activation

markers, proliferation as determined by CFSE assays, nor were telomerase activity and

telomere lengths different between the groups. However, we observed a significant negative

correlation between the overall PBMC telomere length and the proportion of more

differentiated CD8+CD28−T cells (ρ=−0.41, P=0.001), as has been observed in healthy

individuals [22].

Age adjustment via quartile analysis

As additional means of controlling for age as a potential confounding variable, we employed

quartile adjustment. When quartile analysis was applied, differences between Kaposi's

sarcoma-positive cases and Kaposi's sarcoma-negative controls were preserved for measures

of global immunosenescence, T-cell maturation, and CCR5 expression (Table 2).

The impact of human herpesvirus 8 serology on immune responses

To further examine the effect of HHV8 itself, the Kaposi's sarcoma-negative controls were

divided by HHV8 status (HHV8-positive and HHV8-negative). These two groups were

compared to each other and finally, compared to Kaposi's sarcoma-positive cases.

Of the 47 Kaposi's sarcoma-negative controls, 26 had a positive serology. Notably, when

comparing HHV8-positive vs. HHV8-negative subgroups with one another, there were no

differences in age, markers of HIV infection, global markers of immunosenescence, T-cell

maturation markers, CCR5 markers of expression, or measures of activation, telomere

length, and telomerase activity.

Human herpesvirus 8 subgroups: age and HIV markers of infection

When comparing Kaposi's sarcoma-positive cases vs. HHV8-positive and HHV8-negative

subgroups, there were no differences in HIV markers of infection. Kaposi's sarcoma-positive

cases were older than the HHV8-positive subgroup (median 54 and 45 years of age,

P=0.003), as well as the HHV8-negative subgroup (median 54 and 43 years of age,

P<0.001).

Human herpesvirus 8 subgroups: global markers of immunosenescence

Kaposi's sarcoma-positive cases had a higher frequency of CD8+CD57+ T cells than the

HHV8-positive subgroup (median 41.5 and 30.4%, respectively, P=0.01, age-adjusted

P=0.02), and HHV8-negative subgroup (median 41.5 and 26.2%, respectively, P=0.04, age-

adjusted P=0.05). There was a trend suggesting Kaposi's sarcoma-positive cases had a

higher frequency of CD8+CD28− T cells than the HHV8-positive subgroup (median 60.5

and 52.1%, respectively, P=0.06, age-adjusted P=0.08). As well, there was a trend

Human herpesvirus 8 subgroups: T-cell maturation markers

Naive CD4 and CD8 T cells were lower in the Kaposi's sarcoma-positive cases as compared

with the Kaposi's sarcoma-negative controls, a comparison that was preserved when

Kaposi's sarcoma-negative controls were further subdivided into HHV8-positive and HHV8-
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negative subgroups. The Kaposi's sarcoma-positive cases had a lower frequency of naïve

(CD27+CD28+CD45RA+) CD8+ T cells than the HHV8-positive subgroup (median 11.3 and

23.9%, respectively, P = 0.04, age-adjusted P = 0.05, Table 3) and the HHV8-negative

subgroup (median 11.3 and 19.1%, respectively, P = 0.01, age-adjusted P=0.02, Table 3).

The Kaposi's sarcoma-positive cases had a lower frequency of naïve

(CD27+CD28+CD45RA+) CD4+ T cells than the HHV8-negative subgroup (median 23.0

and 28.0% respectively, P = 0.06, age-adjusted P = 0.05, Table 3).

Human herpesvirus 8 subgroups: CCR5 expression

The Kaposi's sarcoma-positive cases had a higher frequency of CCR5+ CD8+T cells than the

HHV8-positive subgroup (median 43.1 and 29.0%, respectively, P <0.01, age-adjusted P

<0.01, Table 3) and the HHV8-negative subgroup (median 43.1 and 27.5%, respectively, P

<0.01, age-adjusted P = 0.03, Table 3).

Human herpesvirus 8 subgroups: measures of activation, telomere length, and telomerase
activity

There were no significant differences between Kaposi's sarcoma-positive cases and HHV8

control subgroups when looking at measures of activation, proliferation, telomere length,

and telomerase activity.

Discussion

The incidence and prevalence of systemic, life-threatening Kaposi's sarcoma has declined

dramatically since the advent of highly effective ART. Despite this unquestioned success,

some apparently well treated individuals still develop Kaposi's sarcoma, although the

clinical presentation is much less aggressive than that which was observed among untreated

individuals with advanced disease. Indeed, as we have previously described, the Kaposi's

sarcoma that occurs during effective therapy has many characteristics of that seen in elderly

HIV-uninfected men (i.e. classical Kaposi's sarcoma). Given that HIV affects the immune

system in a manner comparable to that observed in aging, we hypothesized that certain

markers of immunologic aging (immunosenescence) may be associated with Kaposi's

sarcoma in the context of effective therapy. Here, we present data that are largely consistent

with this hypothesis.

Specifically, we observed increased frequencies of T cells with an immunosenescent

phenotype (CD28− and CD57+) in those with Kaposi's sarcoma vs. those without Kaposi's

sarcoma. We also found evidence of lower frequencies of naive T cells and higher

frequencies of effector T cells in those with Kaposi's sarcoma than those without Kaposi's

sarcoma. These associations were preserved even when controlling for effects of age (age

was controlled via both regression and quartile analysis with preservation of results). These

associations remained significant regardless of HHV8 status. This suggests that HHV8

infection itself does not explain the difference in immunosenescence patterns observed in

this comparison of cases with clinical Kaposi's sarcoma vs. Kaposi's sarcoma-negative

controls. These findings support the hypothesis that immune aging may play a role in

increasing vulnerability to and/or as a consequence of Kaposi's sarcoma.
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While this study begins to look at the relationship between immune aging and Kaposi's

sarcoma, further investigation is needed to see how duration and severity of HIV infection

may be influencing immune aging in these cohorts. At this time, very few cohorts can

provide precise information regarding the duration of infection – mainly those cohorts

enrolling individuals with primary infection. These cohorts examining primary infection, at

this time, are too small to address the pathogenesis of relatively more unusual events such as

development of clinical Kaposi's sarcoma. CD4 nadir was thought of as a possible surrogate

for duration or severity of HIV infection but a significant proportion of our Kaposi's

sarcoma-positive cases were HIV-infected prior to widespread clinical availability of CD4

cell count assay, and were, thus, already immune reconstituted prior to our being able to

accurately assess their CD4 cell count.

Another way to isolate the effect of HIV from the acquisition of clinical Kaposi's sarcoma

would be to include non-HIV-infected patients with Kaposi's sarcoma in these analyses.

Comparisons involving this HIV-negative, `classical Kaposi's sarcoma' group would

certainly be of great interest, but this is a rare group of patients in the United States. It is

hoped that this work may provide the impetus to explore issues of immunosenescence in

other Kaposi's sarcoma cohorts.

Although many of our measurements of immunologic aging were higher in our cases than

controls, there were exceptions. Specifically, telomere length and telomerase activity did not

differ between the groups. Our analysis was limited, however, by the use of total PBMCs for

these analyses. It is possible that telomeric effects may be predominant in certain T cell or

other cellular subpopulations not evaluated. Although not directly related to our study

question, we found that having a higher frequency of more differentiated CD28− CD8+T

cells was associated with shorter telomere length. This observation is consistent with the

known biology of CD8+ T cells, and is consistent with findings in uninfected individuals

[22]. This study is one of the first to demonstrate this association in persons with HIV

disease.

The elevated CCR5 expression in the Kaposi's sarcoma cohort carries potential implication

for Kaposi's sarcoma disease pathogenesis. CCR5, a chemokine receptor, has been shown to

interact with viral macrophage inflammatory protein (vMIP), one of the proteins encoded by

HHV8, the virus necessary for Kaposi's sarcoma development [23–25]. The interaction of

CCR5 with vMIP has been shown in monocytes to effect calcium influx [26], which may

indicate there are potential downstream effects to the inflammatory process involved with

Kaposi's sarcoma lesion formation and persistence.

This study does not address how the relationship between ART (or lack thereof), duration

and severity of HIV infection, duration and severity of HHV8 infection, potential interaction

between HIV and HHV8, and the nonlinear inflammation associated with Kaposi's sarcoma

oncogenesis, might affect these immunosenescence and activation markers – arenas that

should be addressed and controlled for in future studies. Although we did subgroup analysis

involving HHV8 status, it is important to note that this study was not originally powered for

these tertiary outcome analyses and, thus, conclusions with regard to lack of differences

found between these groups must be carefully considered. As well, other future studies
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would include investigation of other HIV malignant disease states with immunosenescence

markers, as well as prospective tracking of these immunosenescence markers during

changes in disease course. Finally, exploration of CCR5's potential role in Kaposi's sarcoma

pathogenesis and in other modes of Kaposi's sarcoma oncogenesis (e.g. classical Kaposi's

sarcoma, low CD4 cell count Kaposi's sarcoma, and transplant Kaposi's sarcoma) may yet

shed more light on the mechanisms behind Kaposi's sarcoma oncogenesis.

This is one of the first studies documenting an association between immunosenescence and

Kaposi's sarcoma even when controlling for confounders including age, CD4 cell count,

gender, and HHV8 status. Our findings add to the increasing evidence supporting the notion

that HIV disease may constitute a model of accelerated aging [27]. Our data also suggest

that immunosenescence may be causally associated with development of Kaposi's sarcoma

in uninfected elderly adults. Future studies in that population are needed.
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Table 1

Age and markers of HIV infection in HIV-positive and Kaposi's sarcoma-positive cases and HIV-positive and

Kaposi's sarcoma-negative controls.

HIV-positive and Kaposi's sarcoma-positive
cases: [median (range)]

HIV-positive and Kaposi's sarcoma-negative controls:
[median, (range), P value*]

Number of patients (N) 19 47

Age (years) 54 (39–74) 43 (29–60), <0.001

CD4 cell count (cells/μl) 701 (338–1205) 521 (311–1194), 0.08

CD8 cell count (cells/μl) 933 (429–2543) 1200 (425–3485), 0.41

Viral load (copies/ml) <75(<75 to <75) <75(<75 to <75), >0.5

Women were excluded due to potential gender effects on immune responses [13].

*
P values involve comparison between given measure and Kaposi's sarcoma-positive cases.

AIDS. Author manuscript; available in PMC 2014 June 19.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Unemori et al. Page 13

Table 2

Selected immune markers for HIV-positive and Kaposi's sarcoma-positive cases vs. HIV-positive and Kaposi's

sarcoma-negative controls.

Kaposi's sarcoma-positive cases
[median (range)] (n = 19)

Kaposi's sarcoma-negative
controls [median (range)] (n = 47)

Age-adjusted P values (linear,
quartile)

Percentage of CD8+ T cells

 CD57+ 41.5 (30.2–49.3) 27.7 (19.4–38.3) 0.005, 0.005

 CD28− 60.5 (46.5–72.9) 51.3 (38.7–60.7) 0.044, 0.07

 CD27+CD28+CD45RA+ 11.3 (6.8–14.8) 20.7 (14.1–30.1) 0.022, 0.025

 CD27−CD28−CD45RA− 35.0 (19.9–37.8) 19.5 (12.8–28.1) 0.05, 0.05

 CCR5+ 43.1 (36.6–60.2) 28.3 (23.5–36.3) <0.001, <0.001

Percentage of CD4+ T cells

 CD57+ 7.4 (3.9–17.3) 3.7 (1.6–10.4) 0.07, 0.09

 CD28− 9.1 (5.0–20.9) 4.8 (2.0–11.9) 0.030, 0.05

 CD27+CD28+CD45RA+ 23 (14.3–34.0) 32.2 (20.0–43.1) 0.11, 0.05

 CD27−CD28−CD45RA− 6.7 (3.9–20.4) 3.0 (1.2–9.0) 0.022, 0.04

 CCR5+ 16.3 (9.4–28.9) 11.0 (7.7–16.1) 0.05, 0.008
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Table 3

Selected immune markers for HIV-positive and Kaposi's sarcoma-positive cases, HIV-positive, Kaposi's

sarcoma-negative, and human herpesvirus 8-positive controls, and HIV-positive, Kaposi's sarcoma-negative

and human herpesvirus 8-negative controls.

Kaposi's sarcoma-positive
cases: [median (range)] (n

= 19) Reference

Kaposi's sarcoma-negative and
HHV8-positive controls [median,

(range), age-adjusted P value] (n =
26)

Kaposi's sarcoma-negative and
HHV8-negative controls: [median,
(range), age-adjusted P value] (n =

21)

Percentage of CD8+ T cells

 CD57+ 41.5 (30.2–49.3) 30.4 (19.5–42.1), 0.02 26.2 (16.3–38.0), 0.05

 CD28− 60.5 (46.5–72.9) 52.1 (45.5–62.0), 0.06 48.7 (36.1–61.1), 0.24

 CD27+CD28+CD45RA+ 11.3 (6.8–14.8) 23.9 (14.1–31.9), 0.05 19.1 (10.7–34.5), 0.02

 CD27−CD28−CD45RA− 35.0 (19.9–37.8) 17.2 (8.9–27.5), 0.18 20.0 (12.2–31.1), 0.07

 CCR5+ 43.1 (36.6–60.2) 29.0 (23.3–36.2), <0.001 27.5 (23.4–42.2), 0.003

Percentage of CD4+ T cells

 CD57+ 7.4 (3.9–17.3) 3.7 (1.2–14.4), 0.15 5.0 (1.7–10.4), 0.32

 CD28− 9.1 (5.0–20.9) 4.8 (1.5–17.0), 0.09 5.3 (1.8–12.1), 0.20

 CD27+CD28+CD45RA+ 23 (14.3–34.0) 38.8 (20.8–56.2), 0.33 28.0 (17.7–42.0), 0.05

 CD27−CD28−CD45RA− 6.7 (3.9–20.4) 2.9 (0.5–8.7), 0.08 4.0 (1.3–9.8), 0.09

 CCR5+ 16.3 (9.4–28.9) 8.2 (5.5–15.3), 0.19 12.2 (8.0–17.7), 0.1
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