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HEMOSTASIS, THROMBOSIS, AND VASCULAR BIOLOGY

Infection With Human Immunodeficiency Virus-1 Increases
Expression of Vascular Endothelial Cell Growth Factor in T Cells:
Implications for Acquired Immunodeficiency Syndrome-Associated Vasculopathy

By G. Ascherl, C. Hohenadl, O. Schatz, E. Shumay, J. Bogner, L. Eckhart, E. Tschachler,
P. Monini, B. Ensoli, and M. Stlrzl

Alterations in the vascular system and the onset of angiopro-
liferative lesions such as Kaposi’s sarcoma (KS) are common
traits of human immunodeficiency virus-1 (HIV-1)-infected
patients. To investigate possible factors involved in acquired
immunodeficiency syndrome (AIDS)-associated vasculopa-
thy and vascular malfunction, expression of vascular endothe-
lial cell growth factor-A (VEGF-A) was analyzed in HUT 78
T lymphocytes upon infection with HIV-1. VEGF-A was found
to be increased in supernatants from infected cells as com-
pared with uninfected cells. In addition, VEGF-A mRNA
expression and protein secretion were significantly in-
creased in HUT 78 cells incubated with conditioned medium
(CM) derived from HIV-1 chronically infected HUT 78 cells
(HIV-TCM) as compared with CM from uninfected cells
(TCM). Increase of VEGF-A production in T cells was pro-
moted by inflammatory cytokines (IC) present in HIV-TCM,

including tumor necrosis factor a (TNFa), interferon y (IFNv),
interleukin-18 (IL-1B), and IL-6. These IC that have been
shown to be increased in sera of HIV-1-infected patients and
to be increased by HIV-1 infection or cell activation in these
individuals as well as HIV-TCM also increased VEGF-A expres-
sion in primary T lymphocytes. Consistent with this, VEGF-A
concentrations were found to be higher in sera of HIV-1-
infected patients with (mean, 357.1 = 197.9 pg/mL) and
without KS (mean, 256.7 = 137.5 pg/mL) as compared with
uninfected individuals (mean, 188.6 = 91.7 pg/mL). These
data suggest that increased secretion of VEGF-A by
T lymphocytes of HIV-1-infected individuals may induce
vascular leakage and stimulate proliferation of vascular
endothelial cells, which are hallmarks of AlDS-associated
vasculopathy and especially of KS development.

© 1999 by The American Society of Hematology.

ASCULAR DISORDERS are commonly found in human  However, the most profound mark of the acquired immunode-
immunodeficiency virus-1 (HIV-1)—infected patients. ficiency syndrome (AIDS)-associated vasculopathy is Kaposi's
These include the formation of cotton-wool spots in the eye duesarcoma (KS). KS is the most frequent tumor of HIV-1-infected
to vasculitis-induced ischemic injuby, serum protein leakage individuals, particularly homosexual mé#.Tumors appear
across the blood-brain barriét,and enhanced transendothelial multifocally and are characterized by endothelial cell activation
migration of HIV-1-infected monocytes in the brain that and proliferation as well as by prominent inflammatory cell
contributes to HIV-1-associated encephafifisn addition, we infiltrates, particularly in early stag&8.In progressed stages,
have recently demonstrated the presence of severe morphologife so-called KS spindle cells, which are regarded as the tumor
alterations of the aortic endothelium in HIV-1-infected patients g5 of KS, dominate the histological picture.
that were assqciated with endothelial cell activation and in-  pravious data have suggested that elevated levels of inflam-
creased adhesion of mononuclear célls. matory cytokines (IC), such as tumor necrosis fact6FNFa),
interleukin-1B (IL-1B), IL-6, and interferony (IFNvy), may
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mostly cell-associate#:38 Moreover, placental cells and vari- (FBS), IL-2 (10 U/mL), L-glutamine (2 mmol/L), penicillin (100
ous carcinoma cells of the female reproductive tract express &/mL), and streptomycin (100 pg/mL; GIBCO BRL) at 37°C and 5%
VEGF transcript that encodes an additional secreted isoform of Oz This culture medium does not contain any VEGF-A protein as
145 amino acidd New members of the VEGF family named determined by er_lzyme—llnked immunosorbent assay (ELISA). Cell
VEGF-B, VEGF-C, and VEGE-D have also been identifiét? cultures were routinely tested for the absence of mycoplasma.
In this study, we focused on VEGF-A, which is a potent Cytokines and Tat Protein
inducer of angiogenesis in vivo during normal physiological
processe8and em.bryomc V.aSCUIar deVPTIOpmgm.md has also Mannheim (Mannheim, Germany). Recombinant 4F&hd IL-13were
been shown to be involved in tumor anglogené%fg_Recentl_y, purchased from Collaborative Biomedical Products (Bedford, MA).
we showed that both VEGF-A mRNA and protein are highly the recombinant Tat protein used in this study was expressed in
expressed in the spindle cells of AIDS-KS lesions and thatzscherichia coliand purified to homogeneity as described previogisly.
VEGF-A, in concert with basic fibroblast growth factor (0FGF), Handling and storage of Tat was performed as described by Barillari et
cooperate to induce angiogenesis and vascular permeabilityl1° Lyophilized Tat protein was resuspended and diluted in degassed
found in KS24.26 buffer (phosphate-buffered saline—bovine serum albumin [PBS-BSA]
In the present study, we show that VEGF-A expression is0.1%). This buffer was used as a negative control.
increased in an HIV-1 chronically infected T-lymphocyte cell . i .
line and that IC released from these cells upon infection orTransfectlon of HUT 78 Cells With HIV-1 Proviral DNA
activation induce VEGF-A expression in uninfected T cells by a  Chronically infected HUT 78 cells were initially obtained upon
paracrine action. A role of VEGF-A in vivo is supported by the transfection of the cells with the plasmid pHXB-2 (HTLV d)F* by
detection of VEGF-A protein in cell culture supernatants of electroporation using a Bio-Rad Gene Pulser (Bio-Rad Laboratories,
primary T lymphocytes and of increased concentrations otJnc, Hercules, CA). In a first-round cell-free culture supernatants of

. . ... electroporated cells were used to infect new HUT 78 cells. To maintain
VEGF-A in sera of AIDS-KS patients as compared with HIV-1-infected cells, HUT 78 cells were freshly infected every month

uninfected individuals. These data suggest that VEGF-A mayiu cell-free culture supernatants obtained from the HUT 78 cells that
Cont_rlbutt_e to the generallggd vascular activation, _VaSCU|a'iNere infected the month before. Virus production in infected cells was
proliferation, and permeability observed in HIV-1-infected monitored by a p24-antigen capture assay (Abbott Laboratories, Abbott

Recombinant IL-2, TNk, and IL-6 were purchased from Boehringer

patients. Park, IL).
MATERIALS AND METHODS Preparation of Conditioned Media (CM)
Patients CM were prepared from 3x 10’ uninfected (TCM) or HIV-1

chronically infected (HIV-TCM) HUT 78 T lymphocytes, respectively.
AIDS-KS serum samples were taken from 39 HIV-1-positive male celis were grown for 4 days in fresh medium, and cell culture
patients with KS diagnosis (36 Germans, 1 Italian, 1 Yugoslavian, and Is;pernatants were then collected and used for the experiments. For the
Turk). The patients, ranging in age from 31 to 67 years (mean, 45 yearshreparation of TPA-TCM, HUT 78 cells (¥ 107) were incubated in
were treated with combinations of nucleosid-reverse transcriptasegiture medium containing 50 ng/mL phorbol 12-myristate 13-acetate

inhibitors (AZT, ddl, and ddC). Sera of the HIV-1—positive/KS-negative (TPA; Sigma Chemical Co, St Louis, MO) for 3 hours. Cells were then
group were taken from 37 HIV-1-positive male patients (32 Germans, 2

Irish, 1 Turk, 1 Italian, and 1 Sudanese) without KS. The patients,
ranging in age from 20 to 71 years (mean, 44 years), were undergoin -
similar therapy as the AIDS-KS patients. Control sera were coIIectec'é
from 21 healthy, German male individuals ranging in age from 24 to 74 <Z 50 -
years (mean, 53 years) without known neoplasms and recent trauma « (o))

surgery, to avoid possibly elevated VEGF-A serum concentrations~=-

resulting from, eg, wound healing. Informed consent to take the blooc ¢= 40
samples was obtained from all of the individuals enrolled in the study. _O

Cell Cultures

w
o
1

Primary T lymphocytes. Peripheral blood mononuclear cells (PBMC)
were isolated from 5 healthy donors by Ficoll-Paque (Amersham
Pharmacia, Freiburg, Germany) density centrifugation as describe:
previously® and enriched in T lymphocytes by magnetic beads using
the Pan T cell Isolation Kit (Vario-MAC; Miltenyl Biotech, Bergisch
Gladbach, Germany) according to the manufacturer’s instructions
Purification of CD3 T lymphocytes was greater than 62% of the total
PBMC in all 5 samples as monitored by fluorescence-activated cel
sorting (FACS) analysis (FACS Calibur; Becton Dickinson, Heidelberg,
Germany) using CD3 phycoerythrin and CD4 fluorescein isothiocya- A B
nate (FITC) staining. Cells were cultured in RPMI 1640, supplemented
with 20% fet.al. (.:alf serum (FCS), IL-2 (20 U./mL), L-glutamine (2 Fig 1. VEGF-A secretion in HIV-1-infected and uninfected HUT 78
mmol/L), penicillin (100 U/mL), and streptomycin (100 ug/mL; GIBCO cells. Cell culture supernatants of uninfected (A) and HIV-1 chronically
BRL, Gaithersburg, MD) at 37°C and 5% GO infected HUT 78 cells (B) were analyzed in duplicate for the presence

HUT 78 T lymphocytes. The lymphocytic T-cell line HUT 7450 of VEGF-A by ELISA. VEGF-A concentration was 1.8-fold higher in
was cultured in RPMI 1640 supplemented with 10% fetal bovine seruminfected cells as compared with uninfected cells.
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harvested, washed twice with PBS, and incubated in RPMI 1640Northern Blot Analysis

ini 0,
containing 1% FBS for 18 hours. Cgll culture super'natants were then Cells were harvested and washed twice with PBS. Total RNA was
harvested and used for the experiments. Synthetic HIV-TCM (SH-. lated b ing the RN Kit (Oi Hilden. G di
TCM) was prepared using culture medium supplemented with foyr'>0'ated by using the Keasy K (Qiagen, Hilden, Germany) according

recombinant cytokines at the following concentrations: 250 pg/mLtO the the manufacturer’sinstruc?io_ns.Twenty micrograms of total RNA
TNFa, 1 U/mL IFNy, 875 pg/mL IL-18, and 200 U/mL IL-6. was separated by electro_phoress ina 1% agarose/6% formaldehyde gel
in the presence of ethidium bromide, transferred onto Hybord N
. . nylon membrane (Amersham Life Science, Buckinghamshire, UK), and
Cell Stimulation cross-linked by UV irradiation (264 nm for 2 minutes). A 450-bp cDNA
HUT 78 cells were grown to a cell density of< 1C° cells/mL. The fragment of the VEGF-A coding region that is present in all known
medium was changed and either TCM, HIV-TCM, TPA-TCM, SH- splice variants of VEGF-Awas radioactively labeled withP]-dCTP
TCM, or cytokines diluted in RPMI 1640/10% FBS in the respective by using the High Prime oligonucleotide kit (Boehringer Mannheim)
concentrations were added. Cells were then incubated for 1, 3, and 8nd used as a probe. Hybridization was performed as described
days. At each time point, cells and cell culture supernatants werepreviously? Band intensities on autoradiographic films were quantita-
harvested and further processed for analysis of VEGF-A RNA or proteintively determined using an Elscript 400 transilluminator (Hirschmann
content. GmbH, Unterhaching, Germany).

TCM HIV-TCM 5 days

| | I ' xl
X £
<y N
PRI XIXDXA S O IO
™~ Q‘) <0 ~ 03 "J ) & & Fig 2. HIV-TCM increases
288- VEGF-A expression in HUT 78
1 cells. (A) Northern blot analysis
- - S — - of VEGF-A mRNA expression in

HUT 78 cells. Cells were incu-
A bated in normal cell culture me-
dium (control) with TCM or HIV-
TCM. In two separate experiments,
total RNA was isolated after 1, 3,
and 5 days of incubation (left) or
after 5 days of incubation (right),
subjected to electrophoresis (20
rg per lane), and blotted onto a
nylon membrane. Hybridization
B was performed with a radioac-
tively labeled human VEGF-A
specific cDNA probe (specific ac-
tivity, =8 x 108 cpm/pg DNA) at
42°C for 16 hours. VEGF-A mRNA
expression in HUT 78 cells in-
creased by twofold after 3 and 5
days of incubation with HIV-TCM
as compared with TCM and
threefold as compared with con-
trol cells incubated in normal
medium. (B) Ethidium bromide
staining of blotted RNA indi-
cated that equal amounts of RNA
were used in each lane. (C) Densi-
tometric evaluation of band in-
tensities from the Northern blot
shown in (A). RNA derived from
cells incubated with TCM or with
HIV-TCM were blotted and hy-
bridized on the same filter.
VEGF-A expression was similar
C after 1 day of incubation with

Wl
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HIV-TCM or TCM (O). Increased
VEGF-A expression was ob-
served after 3 days (£I) and 5
TCM H!V‘TCM Contl'0| TCM Hlv" days (M) of incubation with HIV-

TCM as compared with TCM and
TCM standard medium.

relative units of optical density
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VEGF-A ELISA RESULTS

ELISA was performed with a commercially available ELISA kit VEGF-A Synthesis Is Increased in T Lymphocytes
(Quantikine; R&D Systems, Wiesbaden-Nordenstadt, Germany) for thdoy HIV-1 Infection

detecti f VEGlgs i Il cult tants (diluted 1:100) and . . . .
etection o .565 in cefl culture supema ants ( 'u,e. .) an To investigate the role of VEGF-A in AIDS-associated
patient sera (undiluted) according to the manufacturer’s instructions. All

analyses and calibrations were performed in duplicate and each plat\{)ascmc’pathy' cell culture supernatants from HIV-1-infected

included recombinant human VEGE standards. The color of the @and uninfected HUT 78 T lymphocytes were tested by ELISA
chromogenic reactions was evaluated spectrophotometrically at 450 nifpr VEGF-A content. VEGF-A concentrations were found to be
using an ELISA reader (Dynatech Laboratories, Chantilly, VA), with a 1.8-fold increased in cell culture supernatants of HIV-1-
correction filter at 570 nm. As a control to determine quantitative infected HUT 78 cells (Fig 1, column B) as compared with
reliability of detection in sera, known amounts of recombinant humancontrol cells (Fig 1, column A).
VEGF;e; were added to serum samples of healthy persons. The To investigate the mechanisms of VEGF-A increase, HUT 78
concentrations measured corresponded to the predicted values. Rgg||s were incubated with either TCM or HIV-TCM for 1,3,0r5
peated blind analyses of identical serum samples showed identica&aysy respectively, and expression of VEGF-A mRNA was
VEGF-Aconcentrations. examined by Northern blot hybridization (Fig 2A and B, left).

Quantitative evaluation of band intensities showed no differ-
Western Blot Analysis ences in VEGF-A expression after 1 day of incubation (Fig 2C,

HUT 78 cells were grown in 75-chrflasks (Greiner, Frickenhausen, left, open ba_rs). However, at 3 and 5 days, thPT level of VEGF-A

Germany) with 25% of TCM in RPMI 1640/10% FBS from uninfected MRNA was increased by 1.6-fold to twofold in HUT 78 cells
or chronically infected HUT 78 cells. After 5 days of incubation, the cell incubated with HIV-TCM as compared with TCM (Fig 2C, left,
culture supernatants were collected and concentrated by 20-fold usingghaded and solid bars). As compared with HUT 78 cells
Centriprep-3 device (Amicon Corp, Beverly, MA) according to the incubated in standard medium after 5 days of incubation,
manufacturer’s instructions. To avoid degradation of proteins, phenylVEGF-A mRNAwas already increased in TCM-treated HUT 78
methyl sulfonylfluoride (PMSF; 2 mmol/L) and benzamidine (10 cells and clearly further increased by HIV-TCM (Fig 2A, B, and
mmol/L; Sigma) were added to the supernatants. Concentrated samples, right). The increase of VEGF-A expression in the presence of
pr_epared‘from equiv_alent numbers of cells>(5LQ7) were boiled for5  {\.TCM as compared with TCM was highly reproducible, as
minutes in 1xloading buffer (50 mmol/L Tris-HCI, 100 mmol/L 4o ontrated by two independent experiments (compare Fig 2,
dithiothreitol [DTT], 2% sodium dodecyl sulfate [SDS], 0.1% bromphe- . . ) L

|rlght and left). This was confirmed by determining the levels of

nol blue, and 10% glycerol) and subjected to SDS-polyacrylamide ge . .
electrophoresis (SDS-PAGE; 10% acrylamide) in the presence of 10%secreted VEGF-A protein by ELISA (Fig 3) and by Western blot

B-mercaptoethanol (Sigma). Electrophoretically separated proteinswer@nalySIS (Fig 4).' The VEGF-A protein concentrations estab-
then transferred onto a nitrocellulose membrane, and immunostainingshed at day 5 in the cell culture supernatants of HIV-TCM-
with a polyclonal antiserum raised against VEGfwas performed as  treated cells (Fig 3, solid columns, and Table 1) are capable of
described previousR# As a control of specificity, recombinant human inducing vascular cell growth (data not shown), indicating that
VEGF;65 (R&D Systems) was used. they are biologically relevant.

Correlation of the results obtained by Northern blot hybridiza-

Reverse Transcriptase-Polymerase Chain Reaction (RT—PCR)tion gnd ELISA after 3 and 5 days of ir_lcub_ation suggested that
Analysis the increase of VEGF-A concentration in the presence of

RT-PCR was performed as described previo&lyyith minor
modifications. Shortly, 4 pg of total RNA was reverse transcribed by
using 800 U Moloney murine leukemia virus (Mo-MLV) reverse =
transcriptase (GIBCO BRL) and 0.4 nmol oligodT(Boehringer
Mannheim) in a total volume of 50 pL. One microliter of the respective
cDNA was amplified by using the VEGF-A—specific primers Ex5 and
ET6 (0.25 pmol/L each). Primer Ex5'(€CA AAG AAA GAT AGA
GCA AGA CAA GAA-3') binds in sense orientation within exon 5 of
the VEGF-A gene and primer ET6'(3CG ATC GTT CTG TAT CAG
TCT-3’) binds in antisense orientation, as described by Ballaun3ét al.
The PCR reaction mixture (50 pL) contained 20 mmol/L gSOy, 75
mmol/L Tris-HCI, pH 9.0, 0.01% (vol/vol) Tween-20, 1.5 mmol/L
MgCl,, 200 pmol/L dNTPs, and 1 U Red Hot DNA polymerase
(Advanced Biotechnologies, Leatherhead, UK). After 30 cycles of
amplification (94°C for 30 seconds, 55°C for 30 seconds, and 72°C for 1 TCM H |V-TC
minute each cycle), the reaction products were separated by electropho-
resis in an 1.5% agarose gel containing ethidium bromide (0.5 pg/mL). Fig 3. HIV-TCM increases VEGF-A secretion in HUT 78 cells. HUT

78 cells (1 x 10°) were incubated in medium containing 25% of TCM or

HIV-TCM. Cell culture supernatants were harvested after 1, 3, and 5

Statistical Analysis days of incubation and analyzed (in duplicate) for the presence of
e . . VEGF-A by ELISA. The data were subtracted of the VEGF-A levels

Statistical analysis was performed using the Studerst (two- present in TCM and HIV-TCM. In comparison to TCM-treated cells,
tailed for equal variances assumed) and the correlation analysis US8@EGF-A concentrations were 1.8- to 2.0-fold higher in HUT 78 cells
Pearson Correlation (two-tailed) Pvalue less than .05 was considered incubated with HIV-TCM after 1 day (0), 3 days (), and 5 days (M) of
to be significant. incubation, respectively.
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Fig 4. (A) Western blot analysis of VEGF-A in
culture supernatants of HUT 78 cells incubated with
HIV-TCM or TCM. HUT 78 cells were incubated in
medium containing 25% of TCM or HIV-TCM. After 5
days of incubation, the cell culture supernatants
were collected, concentrated, and subjected to SDS-
PAGE under reducing conditions. Electroblotting and
immunostaining were performed as described in
Materials and Methods. A total of 10 ng of human
recombinant VEGF55 was used as a control on the
same membrane (rV). Two prominent bands corre-
sponding to unglycosylated and glycosylated VEGF 45
protein (24 and 26 kD, two upper bands) and a
weaker band corresponding to glycosylated VEGF,,;
(20 kD, lower band) were detected in the cell culture

B supernatants. (B) Densitometric evaluation of band
intensities from the Western blot shown in (A) indi-

relative units of optical density
S =~ NWH OO

cates a 1.8-fold higher concentration of VEGF-A in

T( :M H IV_T' M HUT 78 cells after incubation with HIV-TCM as com-

pared with incubation with TCM.

HIV-TCM was predominantly due to a transcriptional activa- VEGFgsIs the Predominant VEGF-A mRNA Splice Variant
tion of VEGF-A gene expression (compare Figs 2 and 3, shadeth HIV-1-Infected HUT 78 Cells
and solid columns). Translational and secretory mechani.sms To verify whether the VEGs was the prevalent VEGF-A
may also be activated by HIV-TCM, as suggested by the slight . ; . .
. . . isoform induced by HIV-1 infection, RT-PCR analysis of
increase of VEGF-A concentrations in supernatants of HIV-VEGF-A RNA spli iant ¢ d with HIV-1—
TCM-treated cells after 1 day of incubation, which was not . m splice yarlan S was performed wi
detected at the mRNA expression analysis (compare Figs 2 anfgected HUT 78 cells (Fig 5). These data supported the Western
3, open columns). blot results: Three Fﬂﬁerent PCR products corresponding to the
Western blot analysis showed three bands with moleculaf"RNA splice variants encoding VEGh, VEGFes and
weights of 26, 24, and 20 kD (Fig 4A, HIV-TCM), representing VEGFgo were detected in HUT 78 cells infected with HIV-1
the glycosylated and unglycosylated 165 aa VEGF-Aisofdrm (Fig 5, lane B). The most prominent band was the variant
(Fig 4A, 26 and 24 kD, upper bands) and a glycosylated 121 agncoding VEGHes (length of amplification product, 263 bp),
isoforn®3 (Fig 4A, 20 kD, lower band), respectively. Compari- Whereas the band representing the VEgRariant (131 bp)
son of band intensities suggested that VE&GHS the preva- was present at lower amounts. Only minimal amounts of the
lently secreted VEGF-A isoform that is induced by HIV-TCM amplification product corresponding to VEGF(335 bp) were
in T cells. detectable (Fig 5, lane B).
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Table 1. VEGF-A Concentrations in Supernatants of HUT 78 Cells
Under Different Conditions of Stimulation

VEGF-A (ng/mL)

Stimuli Day 1 Day 3 Day 5
TCM (25%)* 3.1+03 16.4 =15 28.7 £ 0.9
HIV-TCM (25%)* 58 £0.7 322 +34 534 +21
TPA-TCM (25%)* 85+16 476 = 1.2 65.6 = 0.6
TNFa (250 pg/mL) 21+01 21.5+0.3 527+ 26
IFN+y (1 U/mL) 21+01 16.0 = 0.4 45.0 £ 0.6
IL-1B (875 pg/mL) 23*01 183+ 0.1 51.3 £ 20
IL-6 (200 U/mL) 21+0.2 20.2 09 38.7+0.2
SH-TCM 83*+1.2 54.3 + 0.8 84.1+24

HUT 78 (1 X 106) cells were incubated for 1, 3, and 5 days with 25%
of CM obtained from uninfected (TCM), HIV-1-infected (HIV-TCM), or
TPA-treated (TPA-TCM) HUT 78 cells or with single cytokines or the
combination of all the different cytokines in the respective concentra-
tions (SH-TCM). VEGF-A concentrations were determined in duplicate
by ELISA. The mean values and standard deviations of two indepen-
dent experiments are shown.

*Corrected VEGF-A concentrations are presented. The concentra-
tion of VEGF-A present in TCM, HIV-TCM, and TPA-TCM used for
induction in the respective experiments has been subtracted.

IC, But Not HIV-1 Tat Protein, Induce VEGF-A Expression
in T Lymphocytes

In chronically infected HUT 78 cells, HIV-1 p24 protein

4237

the observation that CM from TPA-treated-HUT 78 cells caused
an increase of VEGF-A expression similar to that observed with
HIV-TCM after 3 and 5 days of incubation (Table 1).

Single cytokines (TNE&, IL-1B, IL-6, and IFNvy) that are
known to be elevated in sera of HIV-1-infected pati€éhtzas
well as in the cell culture supernatants of activated T lympho-
cyted017.23.25 were therefore used for cell stimulation. The
concentrations of cytokines used were 25% of the concentra-
tions that have been reported to be present in the cell culture
supernatants of activated T cells (250 pg/mL B\NA U/mL
IFNy, 875 pg/mL IL-1B, and 200 U/mL IL-6%° Analysis of
VEGF-A secretion by ELISA showed that all of these cytokines
increase VEGF-A expression in HUT 78 cells after 3 and 5 days
of stimulation (Table 1). The most prominent effects were
obtained with TNIe and IL-1B (1.8-fold increase as compared
with TCM stimulation), whereas the effects of IFN1.6-fold
increase) and IL-6 (1.3-fold increase) were less pronounced
under these conditions (Table 1). Application of a combination
of these cytokines at the same concentrations (synthetic HIV-
TCM, SH-TCM) increased VEGF-A mRNA expression (Fig 6)
and secretion (Table 1) in HUT 78 cells threefold after 5 days of
incubation, indicating additive mechanisms of induction. In
contrast, the incubation of HUT 78 cells with various concentra-
tions of the HIV-1 Tat protein (from 0.01 to 5 pg/mL) for 1, 3,
and 5 days did not increase VEGF-A secretion as compared
with treatment with buffer alone as determined by ELISA (data

could be detected in more than 10% of the cells by Immunocy ot shown). However, increased concentrations of VEGF-A in

tochemical staining, whereas in HUT 78 cells incubated for 5

days with HIV-TCM, no or very few positive cells<(0.5%)

were detected (data not shown). The low number of produc
tively infected cells suggested that the induction of VEGF-A

cell culture supernatants of HUT 78 cells were observed after 3
or 5 days of stimulation with very high concentrations of Tat (10

Hg/mL; data not shown). Such high concentrations of Tat are

unlikely to be present in vivo or produced by cultured c&i%.

synthesis by HIV-TCM was not caused by autocrine mecha-rperefore, these data suggest that the observed increase of

nisms in de novo-infected ce_lls, but, more likely, by p_aracrinelyVEGF_A expression by HIV-TCM may be preferentially medi-
acting factors such as cytokines and/or HIV-1 proteins present;qq by cytokines released from HIV-1—infected HUT 78 cells.

in HIV-TCM. A preferential role of cytokines was supported by

M AB

<= 335 bp EVEGF 189;
<= 263 bp (VEGF 165

< 131 bp (VEGF 121)

Fig 5. RT-PCR analysis of VEGF-A mRNA splice variants synthe-
sized by HIV-1-infected HUT 78 cells. RT-PCR was performed with
specific primers, which allow discrimination of the different splice
variants of VEGF-A mRNA by the length of the polymerization
products. As a control, PCR products obtained with cDNA of a human
epithelial cell line (A 431) known to produce VEGF-A are shown (A).
The two splice variants coding for the secreted forms of VEGF-A,
VEGF;,; and VEGF,¢5 (131- and 263-bp amplification products) and the
cell-associated VEGF,g4 (335 bp) were found to be synthesized in HUT
78 cells infected with HIV-1 (B). The PCR product corresponding to the
mMRNA splice variant encoding VEGF 55 was the most prominent, the
one corresponding to VEGF;,; could be detected to a lesser extent,
and the one corresponding to VEGF gy was only present in minimal
amounts.

Primary T Lymphocytes Secrete VEGF-A after Stimulation
With IC or HIV-TCM

To investigate whether the mechanism of the VEGF-A
induction may be operative in vivo, primary T lymphocytes
were stimulated for 5 days with different cytokines, alone or in
combination (SH-TCM), TCM, or HIV-TCM. SH-TCM and
HIV-TCM clearly increased VEGF-A secretion in 3 of 5
persons as compared with incubation with buffer or TCM (Table
2). In addition, a slight increase of the VEGF-A secretion by
primary T lymphocytes was induced by each of the single
cytokines (Table 2). These data show that primary T cells are
able to produce VEGF-A, supporting previous finditig§and
indicating that cytokines released in increased amounts by
HIV-1-infected cells may induce VEGF-A expression in unin-
fected T cells.

VEGF-A Concentrations Are Elevated in Sera
of AIDS-KS Patients

To determine whether increased expression and secretion of
VEGF-A may occur in HIV-1-infected patient3/EGF-A
serum concentrations were determined in HIV-1—infected pa-
tients without KS (n= 37) or with KS (n= 39) and in
uninfected healthy individuals (& 21). In the HIV-1-negative
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Fig 6. SH-TCM increases VEGF-A expression in

HUT 78 cells. (A) Northern blot analysis of VEGF-A

mMRNA expression in HUT 78 cells. Cells were incu-

bated with buffer (control) or SH-TCM. Total RNA

was isolated after 5 days of incubation, subjected to

electrophoresis (20 pg per lane), and blotted onto a

C nylon membrane. Hybridization was performed with

aradioactively labeled human VEGF-A-specific probe

at 42°C for 16 hours. VEGF-A mRNA expression in

s HUT 78 cells increased by threefold after incubation

O with SH-TCM as compared with buffer. (B) Ethidium
a

relative units of optical density

bromide staining of blotted RNA indicated that equal

\Z\ amounts of RNA were used in each lane. (C) Densito-
% metric evaluation of band intensities from the North-
ern blot shown in (A).

control individuals, VEGF-A serum concentrations ranged fromonly 3 persons (14%) showed concentrations greater than 300
35.5 to 347.2 pg/mL, with a mean of 188t%91.7 pg/mL (Fig  pg/mL. The Student's-test for equality of means showed
7A). In contrast, elevated VEGF-A serum levels were detectechighly significant differences between the means of the AIDS-KS
in the HIV-1—-positive/KS-negative group ranging from 26.2 to and the control groud= .001; Fig 7C and A) and between the
634.8 pg/mL, with a mean of 256F 137.5 pg/mL (Fig 7B). AIDS-KS and the HIV-1-positive/KS-negative group (=
Much higher VEGF-A serum levels were found in the AIDS-KS .018; Fig 7C and B). Difference in VEGF-A serum concentra-
group, ranging from 87.5 to 835.4 pg/mL, with a mean of 357.1tions between the HIV-1—positive/KS-negative group compared
+197.9 pg/mL (Fig 7C). The means of the VEGF-A concentra-with the control group was at borderline of significan& =€
tions of the different groups show a nearly linear increase.048; Fig 7B and A). No correlation between the VEGF-A
Specifically, it was found to be low in the control group, concentration and the CD4I-cell counts (Pearson correlation,
intermediate in the group of HIV-1-infected patients without 0.64), opportunistic infections, or therapy could be observed.
KS, and highest in the AIDS-KS group (Fig 7). In the AIDS-KS The correlation between VEGF-A serum concentrations and KS
group, 20 patients (51%) showed serum VEGF-A concentradevelopment was further supported by the clinical follow-up of
tions exceeding 300 pg/mL, whereas in the HIV-1-positive/KS-2 patients that showed a 2.4-fold and 4.3-fold increase of
negative group only 9 patients (24%) and in the control groupVEGF-A serum concentrations after KS diagnosis as compared
with the KS free stage of HIV-1 infection.

Table 2. VEGF-A Con.centratlons |r.1 §upernat§nts of Primary T Cells DISCUSSION
Under Different Conditions of Stimulation

Vasculopathy is a common trait of HIV-1-infected patients,

VEGF-A /mL; . . . .
(pgimt) as indicated by the formation of cotton-wool spots in the eye,

Stimuli P 1 P 2 Py 3 . .
e erson erson erson blood-brain barrier defects, and the occurrence of KS. VEGF-A,

Buffer 11429 153 +0.8 219+ 186 also known as vascular permeability factor, stimulates prolifera-
TCM (25%)~ 156+38  323+38 30521 tion of endothelial cells in vitro and angiogenesis in vivo and

A 0/4)* -+ + =+ . . - .
:','\IVFTC(Z'\;()ZS //“) b ij‘j . ig ‘Z‘gz N g'z ;i'g . g'g induces capillary permeabiliff. These properties suggested to

o pg/m A4 x1, .1=x0. 95, . . . . .
IFN (1 U/mL) 135+ 25 219+ 08 240+ 13 ::K/eitlgate the presence of VEGF-A in T cells infected with
IL-1B (875 pg/mL) 183 + 1.6 272+ 1.7 27.9+0.8 o . . )
IL-6 (200 U/mL) 147 +17 222+ 50 240+ 04 We dgmo_nstrate he_re that HIV-1 |m_‘ect|on st|ml_JIates_VEGl_:-A
SH-TCM 701 +12.9 51.8+129 567+ 1.7 production in T cells, likely by paracrine mechanisms involving

- production of IC that mediate VEGF-A induction. In fact,
VEGF-A concentrations in supernatants produced from 5 X 10° VEGE-A . d ti in HUT 78 I
primary T cells after 5 days of stimulation were determined in . ,._ expr.essm.n and secretion in cells was
duplicate by ELISA. significantly higher in the presence of HIV-TCM as compared
*Corrected VEGF-A concentrations are presented. The concentra- with TCM, and the cytokines released by HIV-1-infected HUT
tion of VEGF-A present in TCM and HIV-TCM used for induction in the 78 cells can mediate this effect. It is well documented that T
respective experiments has been subtracted. lymphocytes secrete VEGF-A under various conditits8.In
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b TCM. In fact, cell culture supernatants obtained from unin-
g - ° fected HUT 78 cells that were activated by TPA treatment
g 700 - . caused a similar increase of VEGF-A expression as HIV-TCM.
— s Thus, HIV-TCM—-mediated increase of VEGF-A expression is
g - i o predominantly mediated by IC, whereas paracrine activities by
'-g 500 . Je the HIV-1 Tat protein may have only limited effects.

= . Development of KS is the most evident mark of AIDS-
% — . associated vasculopathy. We detected highly significant (Stu-
LC) 300 — e "'.. dent'st-test,P = .001) increased VEGF-A serum concentra-
o - s tions in AIDS-KS patients (mean, 3574 197.9 pg/mL; n=

Q — '.I' .o:-:: 39) as compared with the noninfected control group (mean,
LL 0 ;3.' :-.' 188.6 = 91.7 pg/mL; n= 21). The HIV-1-positive patients
8 100 E' * without KS showed intermediate VEGF-A serum concentra-
> tions (mean, 256.% 137.5 pg/mL), but the difference with the

control group was at the borderline of significancy (Student’s
A B C t-test,P = .048), whereas the difference of the AIDS-KS group
with the group of HIV-1-positive patients without KS was
Fig 7. VEGF-A protein concentrations are increased in the serum significant (Student’stest,P = .018). Furthermore, determina-
Of HIV-1-positive/KS-negative and AIDS-KS patients. VEGF-A protein o of \VEGF-A protein concentrations in sera taken before and
concentrations were determined by ELISA in sera of 21 healthy K . A
control individuals without a known neoplasm, recent trauma, or after KS diagnosis of the same patients showed elevated
surgery (A); in sera of 37 HIV-1-infected patients without KS (B); and VEGF-A concentrations upon development of KS. These data
in sera of 39 AIDS-KS patients (C). The VEGF-A serum concentration support the finding of the increased VEGE-A serum concentra-
in group A ranged from 35.5 to 347.2 pg/mL, with a mean of 188.6 = . . . .
91.7 pg/mL. Increased VEGF-A serum concentrations were deter- tions of AIPS'KS .patlent.s and the intermediate 'State of the
mined in patients of group B, ranging from 26.2 to 634.8 pg/mL, with HIV-1—positive patients without KS as compared with controls.
amean of 256.7 + 137.5 pg/mL. The highest VEGF-A serum concentra- This suggests that VEGF-A may contribute to the occurrence of
tions were detected in patients of group C, ranging from 87.5 to 835.4 AIDS-associated vasculopathy especially to KS in vivo. Also
pg/mL, with a mean of 357.1 = 197.9 pg/mL. The differences in . S . . '
VEGF-A concentrations between groups A and C (P = .001) and the spindle cells of KS prlmary lesions highly express and
between groups B and C (P = .018) were statistically significant as secrete VEGEgs5242% but this may be locally trapped, because
determined by Student’s t-test analysis. The differences between the prominent binding of VEGF-Ato its cognate receptors on blood
VEGF-A concentrations of groups A and B were at borderline statisti- vessel endothelial cells present in the lesions has been demon-
cal significance (P = .048). . .
stratec?* Therefore, in comparison to the VEGF-A secreted by
circulating T cells, the impact of KS spindle cell-derived
the present study, VEGF-A expression and secretion was/EGF-A on serum concentrations may be small.
detected in HIV-TCM-treated and TCM-treated HUT 78 cells  The impact of VEGF-A secreted from T cells on blood vessel
at mRNA and protein levels (Figs 2 through 5). The resultSendothelial cells may be further amplified by the fact that, in
obtained with the different assays closely correlated. In addiy|\.1—_infected patients, a chronically increased adhesion of
tion, increased VEGF-A secretion was found with primary T mononuclear cells to the endothelium was recently demon-
lymphocytes after stimulation with combinations of cytokines gy 16 The same IC that are present at elevated levels in sera
3:522/;0:1/' T_hese rt]al_a:]ahprok\)/ed t_hat th_e mzcganr']smHStrt;‘gof AIDS-KS patients and are shown here to activate VEGF-A
-Alnduction, which has been investigated by the expression in T lymphocytes are also activating mononuclear

model system, reflects the in vivo situation. HUT 78 cglls ar® N e |l adhesion to endothelial ceB$IC-mediated adhesion to the
fact a useful and well-characterized model system for mvesngaéndothelium of T lvmphocvtes with enhanced VEGE-A expres-
tion of the impact of HIV-1 infection on VEGF-A expression in ympnhocy P

. . . o ., sion may establish disseminated foci of increased VEGF-A
T lymphocytes, in contrast with a previous finding in which . . . .
VEGF-A expression was undetectable in these cells by EISBSA. concentrations. VEGF-A is a potent inducer of endothelial cell
Induction of VEGF-A expression may be paracrinely by proliferation and vascular permeability and by these activities
HIV-1 proteins and/or cytokines secreted from infected cells.May regulate the key features of AIDS-associated vasculopathy.

However, the HIV-1 Tat protein increased VEGF-A secretion in

HUT 78 cells only in very high concentrations, which are not ACKNOWLEDGMENT
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