In Vivo Administration of Recombinant IL-2 to Individuals
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Leader binding protein-1 (LBP-1)/late SV40 factor (LSF) and ying yang-1 (YY1) transcription factors are involved in the regu-
lation of HIV expression. In particular, YY1 and LBP-1 have been shown to cooperate in repressing HIV-1-long terminal repeat
reporter gene expression by in vitro cotransfection experiments. However, no information is available on the levels of expression
and activation of these transcription factors in PBMC of HIV-infected individuals. Therefore, we have evaluated the expression
and DNA binding activity of YY1 and LBP-1 (LSF) in PBMC of HIV-infected individuals before, during, and after administration

of IL-2 in association with antiretroviral therapy (ART), a regimen under consideration for broad clinical use in this disease based
on its ability to stably raise the absolute number of circulating CD4" T lymphocytes. Both YY1- and LBP-1 (LSF)-DNA binding
were profoundly down-modulated during administration of IL-2/ART , and a proteolytic activity probably responsible for the
reduced expression of the two cellular transcription factors was found activated in PBMC of individuals receiving the immuno-
therapeutic regimen. This study is the first evidence of modulation of cellular transcription factors following IL-2/ART admin-
istration and provides a potential correlate of the transient raises in plasma viremia early reported in patients receiving IL-2 in
the absence of ART, thus underscoring the importance of always administering this cytokine to HIV-infected individuals together
with potent antiretrovirals. The Journal of Immunology,1999, 163: 6892—6897.

complex action of both viral and cellular transcription LSF (9, 10), because of its ability to stimulate transcription from

factors acting via binding to its long terminal repeats the SV40 major late promoter (10), which is rapidly phosphory-
(LTR)® (1-4). Both activators, such as NdB, Sp1, NF-ATc, and lated upon mitogenic stimulation of human T cells (11). Sequence
cAMP response element binding protein, and repressors, such asalysis revealed that LSF is identical with LBP-1c, which is one
leader binding protein-1 (LBP-1) (5, 6) (also known as late SV400f the four proteins (LBP-1a, -b, -c, and -d) encoded by the cDNAs
factor (LSF)) and ying yang-1 (YY1), have been described to mod-generated by alternative splicing of two related genes (one gene
ulate HIV-LTR-driven transcription, respectively (2, 3). In contrast encoding the LBP-1a and -b and the other encoding the LBP-1d
to an abundant literature concerning induction and modulation ofind -c products, respectively) (12). LBP-1 binds to th&6 to
positive transcription factors, mostly focusing on activation of +27 HIV-LTR sequence, including the initiation site and the
NF-kB (7, 8), little is known about the expression and modulation TATA box (13). Mutations of distinct sites in the-2 to +21

of negative transcription factors. In this regard, LBP-1 is a nuclearregion of the HIV-LTR, encompassing the LBP-1 (LSF)-DNA
binding element, did not affect either the basal or Tat-induced

HIV-LTR-driven transcription in transient transfection experi-

ments (14). However, it was later demonstrated that LBP-1 (LSF)
indeed repressed HIV expression by in vitro transcriptional anal-
ysis (12). In the same study, however, immunodepletion of LBP-1

T ranscription of HIV is governed by the coordinated and factor that was initially identified as a 63-kDa polypeptide called
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Table I. Percentage of PBMC subpopulations in HIV-1-infected enrolling 15 individuals/arm, in which the control group received antiret-
individuals receiving IL-2 rovirals (two RTI and one PI) only. The results of the trial, fully supporting
the superiority of IL-2-containing regimens vs ART alone in terms of re-
constitution of physiologic levels of circulating CD4T lymphocytes (Ta-

IL-2 CD3' CD4’ CDg' CD14" CD1&" CD1o" ble 1), are being reported separately (our manuscript in preparation). PBMC

Patient 1 were isolated from either peripheral venous blood of HIV-infected indi-

Screening 67 32 33 14 9 17 viduals or buffy coats of healthy normal donors by Ficoll-Hypaque gradient

1, 72 32 37 11 11 12 sedimentation (Pharmacia Biotech, Uppsala, Sweden), as previously de-

3 70 17 51 16 8 16 scribed (29). Aliquots of 1x 10° cells were washed twice with RPMI 1640

5 73 26 44 15 11 14 (Life Technologies-BRL, Grand Island, NY) and spun at 13,00@ for

14, 71 35 30 s 10 12 2-3 min, and the pellets were stored-a80°C for further analyses.

1, 78 58 18 7 10 8 o

3ui 65 36 28 9 16 14 Antibodies

5u 64 42 19 18 19 7 Affinity-purified rabbit polyclonal Ab raised against a C-terminal epitope
Patient 2 of human YY1 (sc-281) was purchased from Santa Cruz Biotechnology (S.

Screening 84 31 52 9 2 12 Cruz, CA); rabbit polyclonal Ab against human actin (A2066) was pur-

1, 86 27 57 10 3 10 chased from Sigma (St. Louis, MO).

g: gg %g gg 13 g’ g Whole-cell extracts (WCE) and EMSA

14, 87 32 55 7 3 9 WCE were prepared by repeated freeze-thaw cycles, as previously de-

1 89 48 40 S 3 7 scribed (30). Briefly, the cell pellets were resuspended in high salt buffer C

Svi 86 34 42 4 4 5 containing 0.1% Nonidet P-40, a mixture of protease inhibitors that in-

5vi 82 38 42 10 7 2

cluded leupeptin (1@.g/ml), pepstatin A (1Qug/ml), aprotinin (33ug/ml),
aThe arabic number indicates the day within the cycle of IL-2 administration; the E-64 (10 ug/ml), Pefabloc 4-(2-aminoethyl) benzenesulfonyl fluoride
cycle numbers are indicated as subscripts. (AEBSF; 1 mM), di-isopropylfluorophosphate (3 mM), and the phospha-
tase inhibitors sodium vanadate (1 mM), and sodium fluoride (50 mM).
Following three cycles of freezing and thawing, cellular debris were pel-

In contrast to the solid in vitro evidence of the involvement of leted by centrifugation at 1208 g for 15 min at 4°C. The resulting su-
ikan i Vi Involv pernatants (WCE) were stored aB80°C. The protein concentration was

YY1 and LBP-1 (LSF) in the modulation of HIV-LTR, no infor- measured using a kit based on the Bradford method (Bio-Rad, Hercules,
mation on the state of expression and DNA binding of these tran€A). EMSA was performed as previously described (30), with minor mod-
scriptional regulators in cells of HIV-infected individuals has beenifications, in that binding buffers appropriate for each specific oligonucle-

~ B P P otide were used. In particular, for the LSF-280 probe, corresponding to the
reported to date. Because LBP-1 (LSF)-DNA binding activity in T LSF binding site ¢260 to +301) within the SV40 major late promoter

Iymphocy'tes Ca.n be enhanced. by.mitogenic Stlmulatlon in Vitro(5f_ACA CAC ATT CCA CAG CTG GTT CTT TCC GCC TCA GAA
(11), we investigated whether in vivo IL-2 administration could GGT ACC TAA C-3) (10), a binding buffer containing 20% glycerol,
somehow affect both LBP-1 (LSF) and YY1-DNA expression and1.2% Nonidet P-40, 127 mM KCI, 8 mM Tris-HCI (pH 7.9), 20 mM
binding activities in PBMC. In this regard, IL-2 is a cytokine re- HEPES (pH 7.9), 0.18 mM EDTA, and 0.86 mM DTT was used (11). For

sponsible for the activation, proliferation, and differentiation of T mﬁr%ce:Rlepufg;'igo\:irreussp%?gﬁgg t&e:;(g lcb Arg'?ﬁt%g'?mcr? th|ng° ney

lymphocytes and other immune cells (23) that has been previouslgca AGG CAT GAA-3) (18), a binding buffer containing 10% glycerol,
shown to increase the absolute number of circulating CD4ells 10 mM Tris-HCI (pH 7.9), 100 mM KCI, 5 mM MgG| and 1 mM DTT
in HIV ™ individuals in a stable manner to normal or near normalwas adopted. For the prolactin-responsive element probe, located within

_ ; ~ it _the B-casein promoter (TAG ATT TCT AGG AAT TCG) (31), a binding
Ievgls (2_4 27). However, transient peak; pf HIV-1 replication af buffer containing 10 mM Tris (pH 7.5), 100 mM KC, 5 mM MgCIL mM
ter infusion of IL-2 in the absence of antivirals have been cIearIyDTT’ and 10% glycerol was used. The DNA-protein complexes were re-

documented (24), and since then, administration of the cytoking@olved on PAGE as previously described (30).
has been always associated with potent antiretroviral therapy

' . mmunoblot analyses
(ART) (28). In the present study we investigated the state of ac- y

tivation of YY1 and LBP-1 (LSF) before, during, and after admin- Immunoblot analyses were performed as previously described (30). Anti-

istration of IL-2/ART to HIV-infected individuals in vivo. We Y+ &nd anti-actin Abs were diluted 1/2000 and 1/500, respectively, fol-
- lowing the manufacturer’s instructions. HRP-conjugated anti-mouse or anti-

have observed that YY1- and LBP-1 (LSF)-DNA bindings are pro-appit secondary Abs were diluted 1/5,000 and 1/15,000, respectively. The

foundly down-modulated by IL-2 administration; we also found signal was revealed by the enhanced chemiluminescence system (ECL,
that a proteolytic activity is induced in PBMC by administration of Amersham, Aylesbury, U.K.) following the manufacturer’s instructions.
this cytokine in vivo, and it is probably responsible for the dimin-
ished expression of the two cellular transcription factors.

Results
In vivo IL-2 administration to HIV individuals suppresses YY1
Materials and Methods and LBP-1 (LSF) binding to target DNA sequences

Patients Binding of YY1/LBP-1 (LSF) complex to the HIV-1-LTR element

Six HIV-infected individuals (three women and three men; age, 21 6OhaS been previously demonstrated using WCE obtained from un-
years; average, 40 years) were chosen among patients en’rolled ina ra'rq'-feCted cells (22).+T_her_ef0re, W_e have incubated WCE obtf_:uned
domized phase Il study of administration of riL-2 (Proleukin, Chiron, Em- from PBMC of HIV™ individuals isolated both before and during
eryville, CA) after obtaining signed informed consent. All HIV-seroposi- in vivo IL-2 administration with either the canonical YY1 DNA
tive individuals had CD# T cell count between 200-500 cells/riand binding element, UCR, present in the Moloney murine leukemia

were antiviral-experienced at study entry. After enroliment, they receivec\/irUS promoter (18), or the canonical LBP-1 (LSF)-DNA binding
a mixture of antivirals, consisting of a combination of a protease inhibitor ’

(P1) (Saquinavir) plus two reverse transcriptase inhibitors (RTI) togetherelement, LSF-280, of the SV40 major late promoter. Strong bind-
with IL-2. All tested individuals but one received 3 million international ing of YY1 to the UCR element was demonstrated before the ini-
units (MIV) of IL-2 twice daily s.c. for 5 days of a 5-wk treatment cycle tiation of IL-2 therapy (time zero; Fig.A), whereas IL-2 admin-

for a total of 12 cycles; one individual received ART plus 15 MIU by stration was associated with a profound down-modulation of

continuous infusion for 5 days for two cycles with an 8-wk interval, fol- N L .
lowed by four cycles of 7.5 MIU twice daily for 5 days. The cumulative YY1/UCR binding activity, which, however, returned to a detect-

amount of IL-2 administered over 12 mo was equal for all patients. Thesé@bl€ level at suspension of cytokine administration (intercycle; Fig.
individuals belonged to an open-label trial designed as a four-arm studylA). Of interest, the transient disappearance of YY1 binding to the
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£ <« LBP-1(LSF)

0 1 3
Patient #1 \“ “ <« YY1 Patient #1

E " > LSF280 probe
Patient #2 “ “4 YY1 FIGURE 2. Down-modulation of LSF/LBP-1 binding to LSF-280 probe
” by IL-2 administration in vivo. The EMSA was performed using.§ of

UCR probe WCE obtained from PBMC isolated at different time points during two
cycles of IL-2 administration from donor 1, who highly responded to IL-2
B I icg IL-2Cycles administration.

03 14 Days

weak binding activity and no substantial modulation by IL-2 were
observed in one individual (patient 6), as shown in Fi@. These
results demonstrate that IL-2 administration either directly or in-
directly causes a reversible disappearance of YY1-DNA binding.
We next examined whether the LBP-1 (LSF)-DNA binding activ-
ity was also affected by IL-2 administration by using the radiola-
beled LSF280 oligonucleotide and WCE of patient 1. As shown in
Fig. 2, down-regulation of LBP-1 (LSF)-DNA binding activity
mirrored that of YY1-UCR binding both during cycle 1 and after
C cycle 6.

To analyze whether cell stimulation by IL-2 in vitro could in-
duce similar patterns of YY1- and LBP-1 (LSF)-DNA binding
down-modulation, EMSA analyses were performed using WCE
obtained from PBMC of either HIV-seronegative healthy donors
or HIV-infected individuals. The cells were either left unstimu-

i lated or stimulated for 1, 3, and 5 days with IL-2 (20 U/ml). DNA
UCR probe binding of both transcription factors was readily demonstrated af-

FIGURE 1. A, Down-modulation of YY1 binding to UCR probe by ter24h n Cu!ture and was not down-modu.lat.ed by th.e cytokine
IL-2 administration in vivo. The EMSA was performed using@ of WCE treatment_ In vitro (.dat"f‘ not shown). Th.e?,e f'ﬁd'“gs indicate that a
obtained from PBMC isolated at different time points during two cycles of factor(s) induced in vivo by IL-2 administration is probably re-
IL-2 administration from two HIV-seropositive patients who either highly Sponsible for the observed down-modulation of YY1 and LBP-1
(donor 1) or poorly (donor 2) responded to IL-2 treatment in terms of (LSF) binding to target DNA.

CD4" cells recovery. Day 14 was the day analyzed in between two cycles

(IC, intercycle).B, STAT5 DNA binding activity is not down-modulated IL-2 induces a proteolytic activity responsible for YY1-DNA

by IL-2 administration in vivo. EMSA using g of WCE obtained from  binding down-modulation

PBMC isolated before and on day 3 of the two cycles of IL-2 administra—We investigated whether the disappearance of YY1 DNA binding
tion from patients 1 and 2 and the prolactin-responsive element probe that

specifically binds STATS. C, EMSA using g of WCE obtained from 2cuvity in WCE of IL-2-treated individuals was caused by a pro-
PBMC isolated at time zero—() and on day 3 of cycle 1) of IL-2 teolytic activity. To test_thls hypothesis, WCE from a normal
administration. All individuals responded to IL-2/ART in terms of in- healthy donor seronegative for HIV was mixed with UCR probe
creases in CD#4 T cell counts of 7-, 1.5-, 1.7-, and 4.7-fold vs baseline alone or in the presence of increasing amounts of WCE from pa-
during cycle 5 for patients 3, 4, 5, and 6, respectively. tient 1 obtained on day 5/cycle 1 either at room temperature or at
37°C for 30 min. Normal WCE showed a band in EMSA corre-
sponding to YY1 binding at both room temperature and 37°C (Fig.
UCR during IL-2 administration was much more evident in an 3A, lanes land 6, respectively), whereas WCE from the IL-2-
individual (patient 1) who showed a greater increase in circulatingreated individual showed a band that migrated much faster than
CD4" T cells after five cycles (1728 vs 477 celi$/at baseline;  that observed with the WCE of a normal donor (Fig, &ne 1vs
with an absolute increase of 3.6-fold, respectively) in response téane 11 respectively), probably corresponding to a truncated form
IL-2 than in a second individual (patient 2), who only moderately of YY1 (YY1A). At room temperature, mixing different amounts
responded after 10 cycles (with 731 vs 320 celisit baseline;  of the WCE of the HIV" and HIV™ individuals resulted in a de-
with an absolute increase of 2.2-fold, respectively). Of note, thecrease in the intensity of the YY1 band at all concentrations of
lack of YY1 binding was already present on day 1 of the sixthIL-2-treated WCE added, and, in parallel, in the appearance of a
cycle of IL-2 administration in patient 1, whereas no substantialband migrating at the same level of the IL-2-treated patient's WCE
modulation of YY1 binding was simultaneously observed in pa-(Fig. 3A, lanes 2-%. At 37°C, the disappearance of the upper band
tient 2 (Fig. 1A). To exclude nonspecific degradation due to im-corresponding to full-length YY1 was almost complete at the high-
proper preparation of WCE, selected time points have been testegit concentrations of IL-2-treated WCE (Figh)3as demonstrated
for DNA binding activity of the transcription factor STAT5, which by quantitative analysis performed with a Phosphorimager (Mo-
we have recently demonstrated to be constitutively activated in théecular Dynamics, Sunnyvale, CA; FigBB
majority of HIV™ individuals (32). No significant difference was
observed before or after IL-2 administration in both patients (Fig.
1B). The analysis of four other individuals revealed that three ofTo assure that the proteolytic cleavage of YY1 indeed occurred in
them responded to IL-2 therapy similarly to patient 1, whereasndividuals receiving IL-2, Western blot analyses of WCE from

Patient #1 | < STAT5

Patient #2 - <« STATS

IL-2-induced proteolytic cleavage of YY1 is specific



The Journal of Immunology 6895

A A
RT° 37°C
- 125510 - 125510 10 IL-2-WCE
(ug) RT® 37°C

- 25510 15 - 25 510 1515 IL-2-WCE

(ug)
< YY1 He
. |4 LSFLBP-1
tifd
4 YY1A
LSF280 probe
UCR probe B
250000
B 3 M Relative LSF-DNA Binding Activit
N~ elative L nding 1V
5 200000 g Advy
<
200000 g’
2 ] [ Relative YY1-DNA Binding Activity :E 150000
'% [1 Relative YY1A-DNA Binding Activity 2
< 150000 Z 100000
f 8
£ &
£ A
< 100000 g 50000 -
Z &
8 3
g =0
o 0000 0255 10 15 0255 1015 IL-2-WCE
2 (ng)
x| RT® 37T
& 0
01255 10 0 125 5 10 IL-2-WCE FIGURE 5. Inhibition of LSF/LBP-1 DNA binding activity of a normal
RT® 37°C (g healthy donor by the addition of IL-2-treated WCE from a seropositive

patient to the binding reactiorA. EMSA using 5ug of WCE from a

FIGURE 3. Inhibition of YY1 DNA binding activity of a normal normal healthy donor either alone-) or in combination with increasin
healthy donor by the addition of IL-2-treated WCE of a seropositive patient y 9

to the binding reactionA, EMSA using 2.5ug of WCE from a normal amount of WCE from donor 1 on day 5 of cyclg 6.1n fast lane 15 ug
. ) S o . of WCE from donor 1 on day 5 of cycle 6 was incubated at room temper-
healthy donor either alone-) or in combination with increasing amount

of WCE from donor 1 on day 5 of cycle 1. In thast lane 10 ug of WCE ature with the probeB, Relative estimates of the LBP-1 (LSF)-DNA bind-

from donor 1 on day 5 of, cycle 1 was incubated at room temperature WithIng activity. Quantitation of the relative DNA binding activity of EMSA in

the probe B, Relative estimates of YY1-DNA binding complex. Quanti- A was performed by Phosphorimager (Molecular Dynamics) analysis.

tation of the relative DNA binding activity of EMSA iA was performed

by Phosphorimager analysis. Black bars represent the DNA binding activ-

ity of full-length YY1 (slower migrating band), whereas white bars indicate

that of the truncated YY1 protein (faster migrating band, YYy.1 detectable (Fig. 4lower pane), demonstrating that the IL-2-in-
duced degradation was relatively specific for YY1. In addition,
Western blot analyses were performed using WCE obtained from

patient 1 was performed using an anti-YY1 rabbit polyclonal Ab. ppmc of HIV-seronegative healthy donors that were either left

The single sharp band corresponding to YY1 and visible on day Qinstimulated or were stimulated in vitro for 1, 3, and 5 days with

was no longer detectable on days 3 and 5 of the first cycle of IL-| .2 (20 U/ml). The expression of YY1 protein during this in vitro

administration and on days 1, 3, and 5 of cycle 6, respectively (Figey|ture period remained unaltered (data not shown).
4, upper panél. Several faint bands smaller than the expected 68

kDa were recognized by the anti-YY1 Ab, further supporting pro- IL-2 induces either proteolysis or a potential inhibitor of LBP-1
teolytic cleavage of the transcription factor. After stripping the (LSF)-DNA binding
anti-YY1 Ab, the membrane was reprobed with an anti-actin poly-ye finally evaluated whether LBP-1 (LSF) was proteolytically
clonal rabbit Ab. At all time points, a single band was clearly ;jaqved by IL-2 administration by performing WCE-mixing
EMSA. A concentration-dependent disappearance of the upper ca-
. nonical band was indeed observed as a function of increasing the
Lok VI IL-2 Cycles concentration of WCE from the HIV-infected individual. How-
0 1 3 514 1 3 5 Days ever, in contrast to what was observed for YY1, the disappearance
R TR S < Yy1 of LBP-1 (LSF)/DNA binding was clearly concentration depen-

: dent at both room temperature and 37°C, although the effect was
much stronger at 37°C than at room temperature (FAg. Quan-
s e i titative analysis indeed demonstrated an almost complete lack of
FIGURE 4. YY1 expression in an IL-2 treated HIVpatient. Immuno- LBP-1 (LSF)-DNA binding at the two highest concentrations of
blot of WCE (10ug) of PBMC isolated from donor 1 using anti-YY1 Abs |L-2-treated patients’ WCE at 37°C (FigBp Unfortunately, we
(upper panel and after stripping of the filter using anti-actin Adewer ~ could not assess LBP-1 (LSF) expression, because the amount of
pane). WCE obtained from the HIV-infected patients required for the

Patient #1
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detection of the LBP-1 isoforms was not sufficient to produce atively; our manuscript in preparation). Furthermore, no increases
detectable signal in Western blot experiments (data not shown).in plasma viremia were observed during IL-2 administration. Sec-
ond, the incubation of WCE from a normal healthy donor with
Di . WCE obtained from an HIV individual receiving IL-2 but in
IScussion whom YY1 was not degraded produced no reduction in either
In the present study we have demonstrated that in vivo IL-2 ad¥Y1- or LBP-1 (LSF)-DNA binding activities, suggesting that the
ministration induces a profound down-modulation of both YY1 effect was strictly dependent on IL-2 administration. Finally, only
and LBP-1 (LSF)-DNA binding activities to their specific cognate a minority of cells (1:100—10,000) are known to be infected in
DNA elements. Evidence of a specific cleavage of YY1 was ob-individuals at any particular time point (33, 34), and it is extremely
tained by EMSA analysis after mixing different amount of WCE unlikely that the viral protease present in these cells may override
from IL-2-treated individuals and from normal seronegative do-the pattern of protein expression of uninfected cells.
nors and by Western blot analysis. In addition, a concentration- Among many genes transcriptionally regulated by YY1, the
dependent disappearance of LBP-1 (LSF) binding was demony-actin genes have been shown to be repressed by this transcrip-
strated in EMSA in the same WCE mixing experiments. Becausgjon factor in analogy with the effect on the HIV-LTR (35). Of
no evidence of either YY1 or LBP-1 (LSF) down-modulation was jnterest, proteolytic degradation of YY1 has been correlated with
observed after in vitro stimulation of PBMC from either HI\or myogenic differentiation (35). In these cells, cleavage of YY1 dur-
HIV ™ individuals with IL-2, these effects are probably the result of g the myoblast-myotube transition allowed the expression of the
a complex action of this cytokine when administered in vivo. NO ¢grcomerica-actin genes, thus facilitating muscle development
clear-cut correIaFio_n was noted between the Igvels of expression %5)_ In the same system the T-adependent cysteine protease
the two transcription factors and the relative changes among, c4inain has been clearly demonstrated as the enzyme responsi-
PBMC subpopulations under IL-2 influence (Table ). Thus, theyq for the post-translational mechanism of YY1 down-regulation
down-modulation of YY1 and LBP-1 (LSF) seems more likely (3g) of note, the levels of this endopeptidase were also found
caused by a soluble factor(s) induced by IL-2 administration or by, reased after activation of T lymphocytes (36). Furthermore, in
a di_ffer_ent_ activation state of the PBMC rather than by a difrerentVitro activation-induced programmed cell death in PBMC from
redistribution of cell subsets. HIV * individuals has been shown to be specifically inhibited by

‘ IElvtl_(jenctg Fpa:hV\i(?E of IL-2-_ttr)(|eatfed g\\({jllwgualsdcot_ntaln a Ero- calpain inhibitor Il, suggesting that a calpain-dependent apoptosis
eolytic activity that 1S responsible for egradation are eremight contribute to HIV-associated immunodeficiency (37). Al-

shown based on the results of the EMSA mixing experiments, Ir][hough we did not observe YY1 degradation after IL-2 stimulation

which the DNA binding of normal V.VCE was lost Wh(?r.' IL-2- of patients’ PBMC in vitro, we speculate that activation of circu-
treated WCE was added to the reaction before the addition of thF . . S S .
ating T cells of HIV"-infected individuals by in vivo administra-

probe. By Western blot and EMSA anadgswe demonstrated that . - . . .
YY1 cleavage was relatively specific, because actin was intact anHOn of IL-2 may increase the concentration of m-calpain, resulting
' In cleavage of YY1 and/or LBP-1 (LSF).

STATS binding activity unaltered, respectively, at all time points In conclusion, our findings are of potential interest for under-

of IL-2 administration tested. In support of this hypothesis, a ; . . . .
higher reduction of full-length YY1 binding to the DNA was ob- standing the biochemical and immunological correlates of IL-2
r;?L_dministration to HIV-infected individuals. In this regard, it has

served when the extracts were incubated at 37°C. Moreover, qua

titative analysis of the EMSA bands revealed that in contrast to th@een prewc_)usly emphas_lzed thgt one p_ote_nt_lal drawback of IL-2
full-length YY1-UCR, the appearance of the truncated i1 a_dmlmstratmn gbserved in HIV-infected individuals was the tran-
UCR band was dependent on the amounts of IL-2 extracts addeg]eNnt Increase in plasmq H!V RNA levels frequently observed at
at both room temperature and 37°C, very likely as a consequendd® €nd of each cycle of i.v. infusion of IL-2 in the absence of ART
of the contribution of the truncated YY1 present in the IL-2-treated (24)- Our findings may provide a biochemical correlate of this
WCE. Conversely, quantitative analysis of the LBP-1 (LSF)-DNA phenome_non, i.e., the decreased expression or activity of two HIV
binding activity demonstrated that the disappearance of the LBP-iranscriptional repressors such as Y1 and LBP-1 (LSF). Of note
(LSF)-DNA binding was concentration dependent at both temperiS the fact tha_t increases in plasma viremia were not obse_rved in
atures, although the effect was more evident at 37°C. One possibRY Of our patients who received IL-2 by either s.c. or continuous
explanation is that the proteolytic activity required for YY1 deg- infusion routes in the presence of ART (our manuscript in prepa-
radation is not identical with that responsible for LBP-1 (LSF) fation). In addition, the copy numbers of both spliced and un-
cleavage and is still fully active at room temperature. Alterna-SPliced RNA, measured by competitive RT-PCR (38), remained
tively, the concentration-dependent decrease in LBP-1 (LSF)Unchanged in patients 2 (with 450 and 500 copies of unspliced
DNA binding activity at room temperature might also depend uponRNA and 526 and 500 copies of fully spliced RNAY of total
a specific inhibitor of LBP-1 (LSF)-DNA binding induced in WCE RNA after IL-2 vs baseline, respectively; data not shown), but
of HIV-infected individuals receiving IL-2. In this regard, LBP-1d, were below the threshold of detection in patient 1 (40 copies of
lacking the DNA binding domain, was, however, shown to be ca-RNA/ug of total RNA) both before and after IL-2 treatment (data
pable of squelching the binding of the other LBP-1 isoforms bynot shown), leaving open the question of whether IL-2 and IL-2-
protein-protein interaction (12). Thus, we cannot rule out the posinduced modulation of YY1 and LBP-1 (LSF) can significantly
sibility that in vivo IL-2 administration may result in a superin- regulate HIV transcription in vivo in the presence of potent anti-
duction of either the LBP-1d isoform or analogous inhibitors.  virals. Despite the fact the IL-2 is being considered as one of the
The nature of the proteolytic activity present in IL-2-treated most promising therapeutic agents to be associated with antiviral
WCE is unknown at present, but it is very unlikely attributable to mixtures, little is known of its biological effects on HIV-infected
the HIV-associated protease for several reasons. First, the IL-2ndividuals. Here, by showing a potential correlation between in
treated patients were all receiving two RTI and one PI. Althoughvivo effects of IL-2 and down-modulation of YY1 and LBP-1
beyond the scope of the present study, this antiviral regimen re(LSF), we provide evidence that molecular markers can be found
sulted in a sustained decrease in viremia (from 94%4®0 cop-  and should be further investigated to define novel sensitive corre-
ies/ml at baseline and after 2 mo of therapy in patient 1, respeciates of the response to immunotherapy.
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