Suppression Of HIV-1 Replication And Inhibition Of elF5A Hydroxylation
3 Dual Effects of Two Widely Used Drugs.
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(DOHH ) enzymatically activates eukaryotic initiation of translation factor 5A (eIF5A), which has been implicated as a co-factor for
HIV Rev and replication. Molecules docking into the DOHH active site and blocking function are predicted to possess antiretroviral
activity. Testing this hypothesis, we investigated the drugs deferiprone (DEF), an oral agent used to treat iron overload, and

ciclopirox (CPX), a topical antifungal agent, as well as the CPX analog P2, predicted by the structure-activity relationship (SAR) R E S U LT S
for DOHH inhibitors to be less active or inactive.

Methods: Compounds were assayed for inhibition of DOHH. Suppression of retroviral protein synthesis (p24) and of virion

[t |

formation (RNA copy number) was measured in chronically infected H cells and in short- and long- term infection of freshly =
harvested, uninfected peripheral blood mononuclear cells (PBMCs) with clinical HIV isolates. Ciclopirox w CPX oox (D s g Summary of results
Results: DEF and CPX suppressed DOHH in vitro at distinctly lower concentrations than P2 ( 28 vs. 170 uM ). Similarly, DEF and - i . i ot A
CPX but not P2 inhibited p24 synthesis in both infected H9 cells and in short / long- term infection of PBMCs with wild-type . _ The active site pocket of DOHH contains distinct hydrophobic
HIV-1. In 18-hour H cell experiments, 200 M DEF and 30 uM CPX exhibited >40 % inhibition of p24 antigen than the controls, E regions ( blue shaded lines in I. B ). Deferiprone and ciclopirox, but
These active compounds prevented detectable p24 antigen production in acutely infected PBMCs (drug added 48 hours post- — z not its chelation homologue P2, display domains that can serve as
infection) and markedly suppressed viral RNA production in a PBMC chronic infection model over 7 to 10 days of treatment. H g™ . g
Proviral DNA became undetectable 12 to 24 days post treatment initiation in the PBMC chronic infection model, which includes R H w hydrophobic anchors at these regions. Consequently, the former
serial addition of non-infected cells. P2 H 5 i compounds inhibit DOHH in vitro and in cells at distinctly lower
Conclusions: Our results suggest that the functional relation between the posttranslational hydroxylation of elF5As and the g . £ “ concentrations than the latter agent (A, B).
e i and for g S G yhess o & novelch f arttrl g ool componens v i o Only ceferiprone and ciclopirox, but not P2, suppress p24
guded oy geing b A H H synthesis by HIV-1 infected H9 cells and in short-term cultures of
- patient-isolate infected PBMCs (C, D, G ).
2 Only ciclopirox, but not its chelation homologue P2, activate
I NT RO D U CT I O N | ot " p ) . . P . apoptosis and suppress retroviral RNA formation in short-term cultures
. . . . Deferiprone & V A Coneentaton (] B : ! : : e C BT o of patient-isolate infected PBMCs ( E, F ). In the same system,
B (RS [IOET CfF [BIIIIVEDD &0 dislliEly ekl [y ie JeiskioE] Inhibition of DOHH activity in vitro. Effect of CPX and its chelation homologue P2 on DOHH activity Inhibition of p24 synthesis by CPX (red), P2 (blug), ~ deferiprone likewise activates apoptosis ( H ). This activation of
utilization of their intron-containing RNAs by infected cells, and for the formation of ” q e Y apoptosis occurs with significant preference especially in those PBMC
infecti []. A signifi body of evid indi b (6 » - in HIV-1 infected H9 cells and deferiprone (green) in HIV-1 infected H9 cells. cultures that had been infected with patient-isolate HIV-1 ( E, H )
infectious progeny [1]. A significant body of evidence indicates that the eukaryotic o pas=i
translation initiation factors 5A (eIF5As) serve as strategic cellular partners for Rev/Rex ol Iy IO'?g'tE.rml GRS i patlenlt(-lsolate |fnfecfteq REMCS
function [2, 3]. Genetic or pharmacological manipulations of the structure of elF5A Ciclopirox - displaying active viral propagation, a 2-week course of deferiprone at a
unction [2, P! I g P! N clinically achievable concentration -
abrogate the ability of HIV-1 to replicate in human lymphocytes [4, 5]. N " -/ > reduces p24 levels below the detection limit;
The elF5As are, like the collagens, subject to a posttranslational hydroxylation that | © / > suppresses retroviral RNA to extremely low copy numbers,
produces a genetically non-encoded residue which, in turn, determines their function. The N - o / g which further decline even after discontinuation of the drug;
. . . - . / 3 3 / i o
biochemical pathway for elF5A hydroxylation, summarized below ( see 1. ), relies on oy ¥ [ [ / > _reEfJ;rs proviral DN? :I‘?\ulbtlfulIyddeu?mb'ez:‘”d P
several substrates and cofactors, including molecular oxygen, to form the single hypusine 8 H / PULLBICTEEE plortctoniuntltenicey sty
q - A p FE | S discontinuation of the drug, when the experiment was
residue within each elF5A molecule [6]. Hypusine occurs only in the elF5As. The enzyme - LN - finally stopped ().
generating hypusine and thus bioactive elF5A, is deoxyhypusine hydroxylase (DOHH), a
member of the 2-oxoacid utilizing, non-heme iron dioxygenases [7]. Catalysis by these )
enzymes is known in subatomic detail [8]. It centers on a reaction among substrate ligands T % w R w o w ow
ym suba e n among . s i e CONCLUSIONS
coordinated to the active site non-heme iron atom ( HAG mechanism [9], see I1. A). -’ D [R—— E E o
In the past, this knowledge provided a rational basis for the de novo design of DOHH e " = o i i
ot p S gH P s e S D(g)HH A Inhibition of p24 synthesis by CPX (red), but not P2 (blue)  Activation of apoptosis by CPX (red), but not P2 (blue)  Suppression of viral RNA by CPX (red), but not P2 (blug) | * TNe current concept on the catalysis by and the active
Inhibrtors ( l’ see 1. ). Here we used the active site dimensions of DORM [10] to in patient-isolate infected naive PBMCs. in patient-isolate infected naive PBMCs. in patient-isolate infected naive PBMCs. site architecture of DOHH (HAG mechanism [8,9])
|dept|fy p_otemlal |nh_|b|t0rs among existing drugs. We report on thg DOHH |nh|bltory and facilitates the rapid identification of inhibitors among
antiretroviral properties of two cllnlcal!y introduced drugs, the fungicide ciclopirox (see Il. — — existing drugs, exemplified by ciclopirox and
C) and_thg decorporgtlon agent deferiprone (see Il. D). To control for the cpmpqunds . . L T deferiprone. Both drugs interfere with the hydroxylation
metal binding properties, we designed and tested P2, a chelation homologue of ciclopirox. . B . ; o ] and thus bioactivity of the elF5As [6], and deny HIV-1 the
» . - N utilization of functional elF5A for its replication [1, 3].
Spemine “ = . . W o F « Ciclopirox and its chelation homologue P2 display
. ° i 8 £ distinct and consistent differences in activity, from
Sl H = = "3 inhibition of DOHH to antiretroviral effect. Plain
o B . : - L coordination of transition metal ions is therefore not
- o . o sufficient for the observed effects, which show a
on ok < ok - " . o <t structure-activity relation to the presence of a properly
N i T positioned hydrophobic anchor.
N Deferiprone - . . .
l. : (oorH) G H - | « The significant augmentation of apoptosis in HIV-1
Lot N Inhibition of p24 synthesis by deferiprone Activation of apoptosis by deferiprone Suppression of p24, viral RNA, and proviral DNA infected PBMCs, previously also noted for H9 cells [5],
Catechol_ CicloproxTike oo — in patient-isolate infected naive PBMCs. in patient-isolate infected naive PBMCs. by deferiprone in patient-isolate infected naive PBMCs. suggests that these drugs interfere with the expression of
"o eferiprone : . . - .
’ pep:l_ldes fungicides |,-) retroviral antiapoptotic proteins, and thus re-activate the
original apoptotic response triggered by the infection. The
| MATERIAL AND METHODS REFERENCES referential ablation suffices to explain the unprecedented
DOHH activity was measured via enzymatic conversion of radioactive deoxyhypusine, metabolically generated by using tritiated P2 was . Hauber Ml o mdltd e e clsof il T acllor prins Car Top it I 200, 2595570 gisa TR 6 il RRA an’zi DNA frompthe
by standard chemical procedures. H9 cells were cultured in RPMI medium containing 20% FCS v/v. PBMCs were isolated from the blood of healthy donors by eia i .1 Rex and human immuscicony i Rev e ansdarinantly by e mtnt defcient i RNA b Vi 1095, 6 disapp n "
: Ficoll-plague density centrifugation. Cells were activated overnight in Media A ( RPMI, 10% FCS viv, 1% penicillin / streptomycin, glutamate, 1L-2 and 3335 o e curyaic nstonoctor 5 ity nd - e o, il st 57,6124 infected PBMC cultures, and the failure to re-establish
phytohemagglutinin ) at 37 “C and 5% CO,. Activated cells were spun down and resuspended in media B ( Media A without PHA ) at a final of 0.5 & D I U e 5 e D b DT Er B (B infection even 10 days after drug discontinuation.
x 108 cells/ml. 2ml of the cell suspension ( 1 x 10° ) were plated in 24-well plates and infected with PBMCs isolated from HIV* patients. The ratio of uninfected 5 Anius L Sean . racy W Fanasd AR Hume Byt T- Sininka B 28k 5 ek Abe HM. e fecs o ey
to infected PBMCs was 10:1. The cultures were maintained at 37 C and 5% CO, for the indicated number of days. Compounds were added to the cultures at the e :;;,"‘,“““" Ol e T T G T T e R A b s = Hypusine formation within elF5As is a promising target for
I I n indicated concentrations and times. Cultures were fed everyday by harvesting half of the supernatant and replenishing it with Media B and the respective ;m:”w;*w;':"'ggnﬁ‘kli Hypusine: its post-translational formation in eukaryatic initiation factor SA and its potential role in cellular regulation. he k led ided d d 1 f
. L ] compound. Cll-free supematant was saved for p24 and viral load measurements. Cells were also processed for apoptosis, determined by TUNEL-based flow o e o wolt Ec, clemnt P, Pk M, Deortypusin st e ol rffrion, i 2-cucd g the knowledge-guided de novo development of a new
cytometry. The p24 protein, viral RNA and proviral DNA were measured by commercial assays. Viability was quantified by computerized trypan blue exclusion. ﬁ:’:;:ij:;,‘i,’fg?’ G class of antiretrovirals.
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«Clinical trials with deferiprone are pending.



