
Biochemical and Biophysical Research Communications 441 (2013) 114–119
Contents lists available at ScienceDirect

Biochemical and Biophysical Research Communications

journal homepage: www.elsevier .com/locate /ybbrc
HIV-1 TAT-mediated protein transduction of human HPRT into deficient
cells
0006-291X/$ - see front matter � 2013 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.bbrc.2013.10.029

⇑ Corresponding author. Fax: +39 0444 555034.
E-mail address: elisabetta.fortunati@birdfoundation.org (E. Fortunati).
Paola Cattelan, Diego Dolcetta, Uros Hladnik, Elisabetta Fortunati ⇑
‘Mauro Baschirotto’ Institute for Rare Diseases–B.I.R.D., 36023 Costozza di Longare, Vicenza, Italy

a r t i c l e i n f o
Article history:
Received 3 October 2013
Available online 12 October 2013

Keywords:
Lesch–Nyhan disease
HPRT
Recombinant proteins
Protein purification
TAT transduction domain
Enzyme replacement therapy
a b s t r a c t

Lesch–Nyhan disease (LND) is a severe and incurable X-linked genetic syndrome caused by the deficiency
of hypoxanthine–guanine phosphoribosyltransferase (HPRT), resulting in severe alterations of central
nervous system, hyperuricemia and subsequent impaired renal functions. Therapeutic options consist
in supportive care and treatments of complications, but the disease remains largely untreatable. Enzyme
replacement of the malfunctioning cytosolic protein might represent a possible therapeutic approach for
the LND treatment. Protein transduction domains, such as the TAT peptide derived from HIV TAT protein,
have been used to transduce macromolecules into cells in vitro and in vivo. The present study was aimed
to the generation of TAT peptide fused to human HPRT for cell transduction in enzyme deficient cells.
Here we document the construction, expression and delivery of a functional HPRT enzyme into deficient
cells by TAT transduction domain and by liposome mediated protein transfer. With this approach we
demonstrate the correction of the enzymatic defect in HPRT deficient cells.

Our data show for the first time the feasibility of the enzyme replacement therapy for the treatment of
LND.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction in a group of LND patients. Our results show an improvement of
Human hypoxanthine–guanine phosphoribosyltransferase
(HPRT or HGPRT) is a key enzyme in purine metabolism. Mutations
in its gene, HPRT1, cause the Lesch–Nyhan disease (LND). Affected
patients suffer from hypereuricaemia, neurological manifestations
including dystonia, chorea, pyramidal signs and a distinctive self-
injurious behaviour [1]. An intriguing aspect of the disease is
how the housekeeping gene HPRT1 can cause neurobehavioral
and renal problems. Treatment of renal problems in the early child-
hood does not prevent the development of dysfunctions in the
brain, suggesting that the HPRT1 gene might have a role during
the neuronal development. This is in line with recent findings
showing that HPRT1 deficient neuronal cells manifest impairment
in developing dopaminergic neurons [2]. Furthermore, HPRT1 gene
expression seems to be crucial for the establishment of the puri-
nergic signalling during development of neuronal pathways [3,4].
These discoveries define new potential molecular targets for mod-
ulation of this intractable neurological phenotype, thus opening to
a new prospective of therapeutic intervention.

To date, patient treatment is limited to the control of uric acid,
and the reduction of alterations in mood and behaviour. The latter
aspect of the disease has been recently investigated by our re-
search group that evaluated the effects of S-Adenosylmethionine
the self-injurious behaviour in a sub-group of patients, indicating
the potential benefit of this compound for the abnormal behaviour
of the patients [5]. Nevertheless the neurological abnormalities re-
main incurable.

Therapeutic interventions for the re-establishment of a
functional HPRT enzyme in the central nervous system are still
challenging. Problems concerning the enzyme delivery to the af-
fected cells, the blood–brain barrier penetration, safety issues,
uncertainty regarding the ideal timing for intervention, and the
lack of knowledge in the molecular mechanisms of neurological
phenotype, remain pivotal in designing effective therapeutic ap-
proaches. Regarding the delivery of the therapeutic enzymes much
has been learned by the enzyme replacement therapy, a well-
established approach for treating lysosomal storage diseases. At
the moment there are a group of nine commercially available
glycoprotein products, for the treatment of Fabry disease,
Hurler–Scheie (Mucopolysaccharidosis I H-S, MPS IH-S) and Scheie
(MPS IS) syndromes, Hunter syndrome (MPS II), Maroteaux–Lamy
(MPS VI) syndrome, and Pompe disease. Treatments for
Niemann–Pick B disease, Metachromatic leukodystrophy and
a-mannosidosis are at the preclinical stage [6,7]. Each compound
is intended to augment or replace the activity of a specific endog-
enous catabolic enzyme within cellular lysosomes. Essential for
this therapeutic approach is the entry of the enzyme into diseased
cells by receptor-mediated mechanisms. Over time, chimeric
enzymes have been built to improve targeting to specific cell
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receptors [8], or by passing the need of a specific receptor using the
11-amino-acid human immunodeficiency virus (HIV) TAT protein
transduction domain. This modification was proven to extend the
range of tissues corrected by infused enzymes [9].

TAT peptide is part of the Protein Transduction Domains (PTDs)
group of peptides that can cross biological membranes in a recep-
tor-independent manner [10]. PTDs can deliver various cargo mol-
ecules into practically all cells both in vitro and in vivo [11].
Furthermore it has been shown for TAT chimeric proteins the abil-
ity to cross the blood–brain barrier in mice [12].

Taken together, these findings raise the possibility to treat LND
by an enzyme replacement approach.

In the present study we show the construction, expression and
purification of a recombinant enzyme containing the HPRT domain
fused to the TAT peptide. Moreover, we describe in vitro assays for
the biochemical characterisation, delivery and evaluation of the
functional complementation in HPRT deficient cells. These findings
have a direct implication for the enzyme replacement therapy ap-
proach in LND.
2. Material and methods

2.1. Bacterial expression constructs

The coding sequence of HPRT1 gene (NM_0001942) was
amplified from cDNA derived from healthy donors by RT-PCR using
specific primers (50-ACGCGTCGACATGGCGACCCGCAGCCCT-30, 50-
ATAGTTTAGCGGCCGCTTAGGCTTTGTATTTTGC-30) and cloned into
the Sal I, Not I sites of the pET 28 b TAT-2.1 bacterial vector. In
the generated pTAT-HPRT construct, HPRT1 gene is cloned down-
stream the TAT domain. A 6� histidine sequence, located upstream
of the TAT-HPRT sequence, was used for protein purification.

The second bacterial construct, pHPRT, was obtained by cloning
the amplified HPRT1 gene using the primers 50-GGAATTCCATA
TGGCGACCCGCAGCCCTGGC-30 and 50-CCGTCGAATTCCAGGCTTTG-
TATTTTGCTTTTCC-30, into the NdeI, EcoRI restriction sites of the
pET 28b TAT-2.1 where the TAT transduction domain was previ-
ously removed by enzymatic digestion. The resulting plasmid con-
tains double 6� histidine tags placed at 50 and 30 end of the HPRT
gene sequence. All the vectors were checked by sequencing.
2.2. Protein expression and purification

The bacterial expression constructs were introduced into the
BL21 (DE) strain of Escherichia coli by heat shock and plated on agar
plates containing kanamycin (25 lg/ml) and chloramphenicol
(34 lg/ml). Protein expression was induced using 0.5 mM of
Isopropyl b-D-1-thiogalactopyranoside (IPTG) for 3 h at 37 �C. Bac-
teria produced the recombinant HPRT protein (rHPRT) in soluble
form, while rTAT-HPRT has been found insoluble associated with
cell pellets. Therefore, two different strategies were designed for
purification of the recombinant proteins. Overall, the purification
procedures consist of a lysis step where bacteria disruption was
obtained by sonication and enzymatic digestion for 1 h at RT. After-
ward, bacterial lysates were centrifuged at 6000g and the clarified
suspension was loaded on Nickel based affinity column. After sev-
eral washes the purified proteins were eluted from the column by
the addition of increasing concentration of Imidazole.

In the case of rTAT-HPRT, the bacterial lysis was performed in a
buffer A (6 M Guanidinium, 20 mM phosphate buffer pH 7.8 and
0.5 M NaCl), while buffer B (8 M Urea, 20 mM phosphate buffer
pH 7.8, 0.5 M NaCl) was used for column equilibration and protein
binding. The column was washed with buffer B at pH 6, then slowly
with Buffer C (50 mM NaH2PO4 pH 8.0, 0.5 M NaCl, 20 mM Imidaz-
ole) for protein renaturation. The purified refolded TAT protein was
then eluted with 50 mM NaH2PO4 pH 8.0, 0.5 M NaCl, 1 M
Imidazole.

The lysis buffer for rHPRT protein purification contained 50 mM
Na2HPO4 and 500 mM NaCl, supplemented with Lysozyme (10 lg/
ml), DNAsi I (5 lg/ml) and protease inhibitors (Complete Mini
EDTA-Free, Roche Diagnostic, Switzerland). Column binding and
washes were performed with 25 mM NaH2PO4 pH 8.0, 0.5 M NaCl,
80 mM Imidazole pH 6, and elution of the purified rHPRT was
obtained with 25 mM NaH2PO4 pH 8.0, 0.5 M NaCl, 500 mM
Imidazole pH 6.

Protein concentration and desalting was performed using the
Centricon devices (Millipore, Billerica, MA, USA). Purity of the pro-
teins was checked by Coomassie Blue staining of 15% SDS–PAGE
gels. Protein identification was performed by immuno-staining of
PDVF membranes using a polyclonal anti-HPRT (sc-20975, Santa
Cruz, California, USA) antibody and a monoclonal anti-His-probe
(sc-8036 Santa Cruz, California, USA) antibody.

2.3. Enzyme kinetics

The activity of the recombinant proteins was recorded using the
method described in [13] based on spectrophotometric assay.
Briefly, 300 ng of recombinant proteins were added to a reaction
mixture containing 100 mM Tris HCl at pH 7.5, 12 mM MgCl2,
1 mM 50-Phosphorylribose 1-Pyrophosphate and increasing con-
centrations of guanine or hypoxanthine (0–100 lM). The formation
of GMP or IMP was recorded at 37 �C for 2 min in a spectrophotom-
eter at 254 nm and 245 nm respectively. The change in extinction
coefficient for hypoxanthine to IMP is 1770 M�1 cm�1 and for
guanine to GMP is 5146 M�1 cm�1. The Michaelis–Menton Km

and Vmax were calculated by non-linear regression using a website
for statistical computation (http://vassarstats.net/).

2.4. Transfection and transduction of the recombinant proteins in
human cells

HPRT deficient leukemia T-cells (CEM/HPRT-) and HeLa cells
were grown in RPMI medium containing 10% Foetal Bovine Serum
(FBS, Life Technologies, Ltd, Carlsbad, California, USA) and antibiot-
ics (100 lg/ml streptomycin, 100 U/ml penicillin). HPRT recombi-
nant protein was introduced by lipofection into CEM-HPRT-cells
seeded in 12-well plates, at concentration of 15 � 103 cells/well
in complete medium. Transfection complexes were prepared using
Lipofectamine 2000 (Life Technologies, Ltd, Carlsbad, California,
USA) according to the manufacture instructions. Twenty-four
hours after cell seeding, the transfection mixture was added to
the medium deprived of serum for an overnight.

For the transduction of rTAT-HPRT1, HeLa and CEM/HPRT-cells
were incubated with the recombinant protein in the medium with-
out serum at the time of seeding. Cells were cultured for further
48 h, after serum addition to the culture medium. The presence
of recombinant proteins in the treated cells was evaluated by
Western blot. The activity of the rHPRT enzyme in the cells was
assessed by the 6-thioguanine (6TG) assay.

2.5. Effects of HPRT recombinant proteins on cell proliferation: 6TG
assay

The assay is based on the ability of HPRT deficient cells to grow
in the presence of the toxic purine analogue 6TG. This phenotype
can be reverted by the introduction of a functional HPRT enzyme.
CEM/HPRT-cells were exposed to 1 lg/ml of 6TG (Sigma–Aldrich,
St. Louis, MO, USA) after treatment with the recombinant proteins.
The effects on cell proliferation were evaluated by counting cells
with a hemocytometer just before and 48 h after treatment with
the drug.

http://vassarstats.net/
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2.6. Western blot analysis

The ability of the TAT basic domain to mediate the introduction
into cells of heterologous HPRT, or the liposome to transfect the re-
combinant protein, was evaluated by Western blot. Cells were
washed 2 times in a Dulbecco’s Phosphate buffered saline (PBS,
Sigma–Aldrich) and lysed in 2� Laemmli sample buffer. Total pro-
teins were separated by 15% SDS–PAGE and transferred to PVDF
membrane by electroblotting. The membranes were incubated
for 1 h in block solution containing 5% Bovine serum albumin (Sig-
ma–Aldrich) dissolved in Tris-buffered saline (TBS), and washed
three times with TBS containing Tween-20 (Sigma–Aldrich). After
washing, the membranes were incubated with mouse anti-histi-
dine antibody or rabbit anti-HPRT for an overnight at 4 �C. After-
wards membranes were washed three times with TBS containing
Tween 20. The membranes were then incubated with goat anti-
rabbit immunoglobulins (Sigma, dilution 1:10,000) for 1 h. Immu-
noreactive bands were visualized using a SuperSignal West Pico
Chemiluminescent Substrate (ThermoScientific, Rockford, IL, USA).
3. Results

3.1. Construction and purification of rHPRT and rTAT-HPRT fusion
proteins

In order to verify the feasibility of the enzyme replacement
therapy for LND, we constructed two expression plasmids contain-
ing the HPRT domain and the HPRT linked to the TAT transduction
Fig. 1. Construction, production and purification of rTAT-HPRT and rHPRT. The expressio
open box along with the 6His tag and the HIV-1 Tat peptide (Panel A). rHPRT was obtaine
used for cloning are shown in Panel B. Expression of the recombinant proteins was obtain
rHPRT is present in the cytoplasm. Proteins were purified by affinity chromatography, a
respectively loaded in a standard SDS–PAGE that was stained with Coomassie blue. (For i
the web version of this article.)
domain. The transgenes were cloned in the pET28b derived-vector
to produce recombinant rTAT-HPRT and rHPRT proteins in bacteria
(Fig. 1A and B).

E. coli BL21 (DH3) strain was used for the expression of recom-
binant proteins. Many proteins containing the TAT domain result
insoluble and are purified from the bacterial inclusion bodies to
increase protein yields and transduction potential [14]. Also
rTAT-HPRT protein formed insoluble aggregates that were
extracted from bacteria using a denaturing buffer. After centrifuga-
tion, the clarified extracts were loaded on nickel affinity column for
protein binding. In our experimental conditions, rTAT-HPRT pro-
tein solubilisation in aqueous buffers was achieved by removal of
the denaturant when the protein was still bound to the column
using a buffer exchange. Afterwards, the recombinant protein
was eluted from the column by increasing concentration of nickel
competing agent. Fractions containing the fusion protein were
pooled and salts removed. We produced a second protein the
rHPRT devoid of the TAT transduction domain. This protein on
the contrary of rTAT-HPRT was successfully produced and purified
under standard native conditions. As shown in Fig. 1C the rTAT-
HPRT and rHPRT were purified nearly to the homogeneity, yielding
to 95% pure protein bands as determined by SDS–PAGE.
3.2. Determination of the kinetic parameters for HPRT domain

The enzymatic activity of the HPRT domain in the recombinant
proteins was evaluated in vitro by measuring the kinetic parame-
ters of the enzyme. This was determined using the ability of the
n vector pET-TAT HPRT is based on pET-28b. The coding frame is represented by an
d by TAT removal and insertion of the in-frame HPRT sequence. Restriction enzymes
ed after 3 h IPTG-induction at 37 �C. rTAT-HPRT localised in the bacterial pellet while
nd concentrated by desalting. Panel C shows 1 and 3 lg of rTAT-HPRT and rHPRT,

nterpretation of the references to color in this figure legend, the reader is referred to



Fig. 2. TAT mediated-HPRT delivery into cells. Purified rTAT-HPRT was added to the HeLa cells at the indicated concentrations in PBS (1 h, Panel A = short exposure) or in
medium without serum (overnight, Panel B = long exposure). After treatment, cells were incubated with Trypsin–EDTA, washed with PBS and lysed with 2� Laemmli loading
buffer. Intracellular delivery of the recombinant HPRT enzyme was determined by Western blot using a-His tag or a-HPRT antibodies. Data show that the delivery of
recombinant HPRT is rapid (within 1 h at 0.1 lM, Panel A) and sustained at high concentration of recombinant protein (1 lM, Panel B). C+: positive control (rTAT-HPRT); C�:
Untreated cells; HPRT: endogenous enzyme.

Fig. 3. 6TG resistance assay. HPRT positive (HeLa) and HPRT deficient cells (CEM
cells) were seeded at 50% confluence and after 24 h were exposed to 6TG at a final
concentration of 1 lg/ml. Cells were counted by haemocytometer just before
treatment (Day 1) and in the subsequent 48 h (Days 2–3). Cell viability was
assessed by Trypan blue exclusion assay. The panel shows that CEM/HPRT deficient
cells ‘‘resist’’ to the toxicity of 6TG and survive. The results are means ± S.E.M. of
three separate experiments. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article.)
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HPRT domain to form nucleoside mono-phosphate and pyrophos-
phates, when hypoxanthine or guanine reacts with phosphoribosyl
pyrophosphate. The Lineweaver–Burk plot was used to determine
the Km and Vmax, for both hypoxantine and guanine (Supplemen-
tary Fig. 1). The Km and Vmax for hypoxanthine were 0.02 mM
and 2.5 lmol/min/mg, respectively. Similar values were measured
for guanine where the calculated Km was equal to 0.095 mM and
Vmax equal to 40 lmol/min/mg. The measured kinetic parameters
of the HPRT domain were similar to published values [13,15].

The activity of the rTAT-HPRT fusion protein was also deter-
mined to exclude any functional interference of the peptide on
the enzyme kinetic. We found no significant differences between
the two produced proteins in the Km and Vmax for either hypoxan-
thine or guanine (data not shown) indicating that in both proteins
the HPRT enzyme is active.

3.3. Transduction of TAT-HPRT and functional complementation of
HPRT deficiency in vitro

The ability of TAT peptide to deliver HPRT enzyme into cells was
assessed by determining the presence of the protein in the total
cell lysates. HeLa cells were treated with increasing protein
concentrations for short (1 h in PBS) or long incubation time
(overnight, in medium without serum). After treatment, cells were
detached by a prolonged trypsin treatment to remove the eventual
extracellular rTAT-HPRT bound to cell membrane. In both experi-
mental conditions, the presence of HPRT protein into cell lysates
has been demonstrated (Fig. 2A and B). These data suggest that
TAT-mediated intracellular delivery of the enzyme is rapid (within
an hour) and efficient since it occurs at low concentrations
(0.1 lM). Still, prolonged presence of the enzyme was limited to
high dose treatment (1 lM).

We next tested the activity of the transduced HPRT domain by
means of the 6TG resistance assay. This test is based on the ability
of the HPRT enzyme to transform 6TG in the toxic nucleoside
analogue 6-thioguanine monophosphate that is included in DNA
during cell replication. Proliferating cells with functional HPRT
are poisoned and will die after 6TG treatment, while cells HPRT
deficient will survive. The Fig. 3 illustrates the survival curves to
6TG treatment of two human cell lines with functional (HeLa) or
defective endogenous HPRT protein (CEM/HPRT-). Massive cell
death was recorded after 48 h exposure of HeLa cells to the drug,
while CEM/HPRT-showed no sign of toxicity.

In these experimental conditions, transduction of CEM/HPRT-
cells with an active HPRT enzyme should be able to reverse the re-
sponse to 6TG treatment. To determine the activity of the chimeric
enzyme, CEM/HPRT-cells were treated overnight with rTAT-HPRT
(1 lM) in medium without serum. The next day (Day 1), in order
to assess possible cytotoxic effect of the recombinant proteins,
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cells were counted and lysed for the detection of the recombinant
enzyme by Western blot.

The rest of the cultures were treated with 6TG and incubated for
a further 48 h. The same procedure was repeated at Day 3. We re-
corded a significant reduction in the number of surviving cells dur-
ing the 2 days of treatment with 6TG in CEM/HPRT-cell cultures
exposed to rTAT-HPRT compared to untreated cells (Fig. 4A). Incu-
bation of cells with rHPRT alone on the other hand did not affect cell
survival to the 6TG treatment (data not shown) indicating that the
effect is rTAT-HPRT mediated. In addition to cell survival decrease,
we observed a prolonged presence of rTAT-HPRT throughout the
time interval of the experiment as detected by Western blot. The
presence and the measured activity of HPRT in these cells, strongly
suggested that TAT peptide mediates the transduction of a func-
tional protein into cells. To prove that the recorded effect is medi-
ated by rTAT-HPRT protein, liposomes/rHPRT complexes were used.

It is widely recognised the ability of liposomes to deliver DNA/
proteins into cells. Similarly to TAT peptide, liposomes/rHPRT com-
plexes induce significant decrements in cell survival in CEM/HPRT-
cells treated with 6TG (Fig 4B).

Altogether these results demonstrate that rTAT-HPRT is
efficiently transduced into cells and that it is able to mediate the
correction of the CEM/HPRT-response to 6TG treatment.
4. Discussion

Here we show the construction, expression and purification of a
functional human HPRT enzyme delivered by TAT peptide or by
liposomes into deficient cells. We provide evidences of the enzy-
matic activity in vitro of the purified transferase and of its ability
to induce the 6TG-mediated cytotoxicity in HPRT deficient cells.
Our data suggest that enzyme replacement for HPRT deficiency
might be possible.

The membrane-translocating property of the HIV-1 TAT peptide
has been used for more than two decades for the delivery of
Fig. 4. Recombinant proteins mediate the correction of the CEM/HPRT-response to 6TG
(rTAT-HPRT) or mixed with Lipofectamin2000 (rHPRT) at a final protein concentration of
the treatment (Day 1) and incubated with 1 lg/ml 6TG for a further 48 h (Day 3). Cell viab
enzymes by Western blot. Panels A and B show the results for rTAT-HPRT and Lipofect
measured in cells treated with the recombinant proteins plus 6TG (yellow bars), compa
signal was detected in lysates of cells exposed to TAT or liposome complexes during the 4
Data significance was tested by student’s t test. (For interpretation of the references to c
different cargos into cells, in a non-invasive way [11]. Different
types of enzymes have been transduced in vitro and in vivo: kinases
[16], catalases, phosphatases, oxidases and dismutases [8].
Although experimental conditions for successful cell transduction
varied with the type of protein/peptide, delivery of functional en-
zymes occurs in an interval of concentrations between 0.5 lM
and 4 lM. Our results are in line with this interval, suggesting a
similar mechanism of delivery for these proteins. We show
significant levels of recombinant HPRT enzyme in HeLa and CEM/
HPRT-cells after short or long treatment with recombinant TAT
protein. However, only high dose (1 lM) of rTAT-HPRT resulted
in persistent levels of the enzyme in cell lysates. A possible expla-
nation for this finding can be provided by the TAT-mediated mech-
anism of transduction across the plasma membrane. It is widely
accepted that TAT binds first to various extracellular cell surface
receptors (integrins, heparan sulfate proteoglycans, etc.) [17] and
enters the cells via endocytosis [18]. Therefore, cells must be trea-
ted long enough with sufficient TAT protein for cell transduction to
occur. Detection at low doses of the rTAT-HPRT in cell lysates after
short exposure might be explained as proteins that are still extra-
cellularly bound or stuck to the surface of cells. Aware of these
possibilities, we used a prolonged trypsin treatment and PBS
washes before cell lysis to remove any TAT protein bound extracel-
lularly. We are thus confident that the enzyme we detected in the
total cell lysates is the transduced intracellular rTAT-HPRT protein.

In addition we showed that the delivered rTAT-HPRT enzyme
induces cell death after 6TG treatment in cells that are incapable
to metabolize the drug. The same occurred in cells treated with
cationic liposome/rHPRT protein complexes. These data strongly
suggest that the effect on cell viability is rHPRT-mediated.
Although treatment with rHPRT alone does not induce toxic
effects, we can not exclude that what we have recorded can be
ascribed to non-specific toxic effect of TAT. It has been suggested
that protein transduction domains induce toxicity at concentra-
tions above 100 lM [19]. In our experimental conditions, treat-
ment with 1 lM TAT-protein should be therefore considered safe.
. Recombinant proteins were added to the culture medium without serum, alone
1 lM. After an overnight exposure, cells were counted to determine the cytoxicity of
ility was determined by Trypan blue exclusion assay and intracellular delivery of the
amin/rHPRT respectively. In both cases a significant reduction in cell survival was
red to 6TG-treated (violet, bar) or untreated cells (white bars). Furthermore, HPRT
8 h of 6TG treatment. The results are means ± S.E.M. of three separate experiments.
olour in this figure legend, the reader is referred to the web version of this article.)
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Altogether our data strongly suggest the possibility to use a
protein transduction domain for the phenotype correction of HPRT
defective cells. To our knowledge, this is the first report on an
enzyme replacement approach applied to the treatment of HPRT
deficiency. It is a step forward in the development of effective
treatments for this disease.

In summary the present study demonstrated for the first time
that exogenous human HPRT fused with HIV-1 TAT peptide, can
be directly transduced into HPRT deficient CEM cells, and that
the resulting intracellular HPRT activity levels are significantly
increased. Thus, we conclude that rTAT-HPRT fusion protein may
offer a new therapeutic tool for Lesch Nyhan disease.
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