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The severe neurodegenerative disorder, Tays—Sachs dis-
ease, is caused by a [B-hexosaminidase a-subunit defi-
ciency which prevents the formation of lysosomal het-
erodimeric o—f enzyme, hexosaminidase A (HexA). No
treatment is available for this fatal disease; however,
gene therapy could represent a therapeutic approach.
We previously have constructed and characterized, in vi-
tro, adenoviral and retroviral vectors coding for a- and
B-subunits of the human [-hexosaminidases. Here, we
have determined the in vivo strategy which leads to the
highest HexA activity in the maximum number of tissues

in hexA-deficient knock-out mice. We demonstrated that
intravenous co-administration of adenoviral vectors
coding for both a- and B-subunits, resulting in preferen-
tial liver transduction, was essential to obtain the most
successful results. Only the supply of both subunits al-
lowed for HexA overexpression leading to massive
secretion of the enzyme in serum, and full or partial enzy-
matic activity restoration in all peripheral tissues tested.
The enzymatic correction was likely to be due to direct
cellular transduction by adenoviral vectors and/or up-
take of secreted HexA by different organs. These results
confirmed that the liver was the preferential target organ

to deliver a large amount of secreted proteins. In addi-
tion, the need to overexpress both subunits of hetero-
dimeric proteins in order to obtain a high level of
secretion in animals defective in only one subunit is
emphasized. The endogenous non-defective subunit is
otherwise limiting.

INTRODUCTION

clinically variable, with severe forms showing profound mengl
retardation, and death within 2—3 years of birth (3).

HexA is one of the three isozymeg{aiiexosaminidases. EaclS
isozyme results from one of the different association possibilifies
of the a- and B-subunits. HexA, aro— heterodimer, andz
hexosaminidase B (HexB) &3 homodimer, are the two majoi
forms of|3 hexosaminidases. Tloe-o homodimer, hexosamini-’
dase S, is a minor form which appears to have negligible cat
activity (4). Thea- and-subunits are encoded by two d|st|n@i
genesHEXAandHEXB located on different chromosomes (

Tay—Sachs disease is caused by mutations affectingBK& 3
gene which lead to HexA deficiency. Like the majority of Iysosonaal
storage disorder diseases, there is no treatment for this fatal disease
Several features of lysosomal diseases suggest that these pathalogie
are candidates for replacement or gene therapies. Firstly, a residual
enzymatic activity of only 10% of the normal activity frequently@
sufficient to avoid appearance of the clinical symptoms fas
exemplified by the so-called lysosomal enzyme pseudodeficierigies
(6,7). Secondly, a part of each Iysosomal enzyme is secreted ang car
be taken up by other cells via specific mannose-6-phosp
receptors (8) and probably by other means not yet identified (9,.%0)
Therefore, ourselves and others (11) hypothesized that a po@ of
transduced cells overexpressing and secreting large amounts of
enzyme would lead to a measurable activity in defectivertelis, 3
via a secretion—recapture mechanism.

We previously have constructed adenoviral (12) and retrovgal
(13) vectors encoding the humarsubunit of 3-hexosamini- 8
dases and demonstrated that these vectors were functianal,
allowing us to correct HexA deficiency in Tay—Sachs fibroblasts
and to induce secretion of recombinant enzyme which was t&en
up by other deficient cells.

The murine model of Tay—Sachs disease obtained by knock%but
of thehexagene does not reproduce the severe symptoms ofthe
human disease. This is due to the late accumulationygf G
ganglioside at a low level in a few mouse brain structures (14-16).
However, in this murine model, HexA activity is, as expected,
null in all tissues. Therefore, in order to evaluate our strategy, we

Tay—Sachs disease is an inherited lysosomal storage diseekese to administrate different combinations of adenoviral
characterized by deficiency of the ubiquitous lysosomal acidectors via different routes to knock-out mice.

hydrolase, hexosaminidase A (HexA). The enzyme deficiency Here, we demonstrate that an efficient hexosaminidase secretion
results primarily in the accumulation of one of its substrates,the G can be obtained by intravenous (i.v.), but not by intramuscular
ganglioside in neuronal cells (1), and leads to a diffuse apoptotic célm.), administration of the adenoviral vectors. Moreover, we
death phenomenon in the central nervous system (2). The diseasghisw that co-transduction with the two vectors coding foothe

*To whom correspondence should be addressed. Tel: +33 1 44 41 24 02; Fax: +33 1 44 41 24 21; Email: guidotti@cochin.inserm.fr



832 Human Molecular Genetics, 1999, Vol. 8, No. 5

virus injected
| hexa-/- mouse

None n=35
[] hexa+/- mouse
n= 5 v

None hexa +/+ mouse

None
AdHEXB
AdHEXA

n=10
AdHEXA + AdHEXB

T T T T 1 T 1
0 200 400 600 800 1000 1200 1400 1600
HexA enzymatic activity (nmoles/h/mg protein)

Figure 1.Histogram of hexosaminidase A activities in gastrocnemius muscle 8 weeks after i.m. injection of adenoviralhesetdr inice. Enzymatic activities
are measured with 4-MUGS as substrate, and values are mn8Bnsf the measurements in all animals of one group of miceimber of animals in each group.
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andB-subunits, respectively, was required to obtain a high level &-acetamido-2-deox@-p-sulfoglucopyranoside (4-MUGS) subs
HexA synthesis and secretion. Upon transduction with the vectetrate in the liver, spleen, heart, kidney, skeletal mustle
coding for thea-chain only, only limited amounts of functional (gastrocnemius) and brain after i.v. administration and is shows in
enzyme were produced, suggesting thaftobain was limiting.  Table 1. This activity was almost undetectable in all tissues tested
This approach allowed us to obtain complete HexA enzymatitom homozygousiexa’ mice, as compared with normal mice @
correction through both direct transduction and secretion— recapeterozygouhexaknock outs.
ture mechanisms. However, as already reported, neither adenoviraThe hexa’~ mice injected with adenoviral vectors wer@
vectors (17,18) nor hexosaminidases (19) crossed the blood—braéparated into four groups. Mice in the first group received 3
barrier. Therefore, peripheral delivery of gene therapy vecto p.f.u. of AdHEXA f = 6). HexA enzymatic activity WasOo
would be notably adapted to lysosome diseases without braietected only in the liver (47% of the normal activity) and spl%n
damage. Tay—Sachs and Sandhoff patients could neverthel@% of the normal activity). In all other tissues, HexA activity was
benefit since the efficacy of bone marrow transplantation in theimilar to that in non- |njecteldexa' mice.
Sandhoff mouse model suggests that correction of non-neuronaln the second groupexa’mice were given both=810° p.f.u.
cells could improve health in spite of the brain lesions (20).  of AJHEXA and 1.5x 1° p.f.u. of AdHEXB @ = 7). This
co-injection resulted in a very high HexA activity in the liv
RESULTS (9-fold more than the normal value) and in partial or togal
HexA enzyme activity in various tissues after i.v corre(_:tion in other tissues: 95%_0f the normal activity in t_he he@rt,
injection of adenoviral vectors - 51% in skeletal muscle, 40% in spleen and 34% in kidney=In
contrast, the activity in the brain was not significantly increased.

q 12,8299/

HexA activity was measured with the 4-methyl-umbelliferyl- fg
@
Table 1.Hexosaminidase A activities in tissues at 7 days after i.v. injection of adenoviral vedterstift mice %
Animal Liver Spleen Heart Kidney Muscle Brain v
hexa’~ 0.7+ 0.2 0.4+0.2 0 0.6+£0.2 0.1+ 0.0 2+0.1
hexa’~ 75.6+13.6 271+ 13.2 16.8 0.5 34.3t 3.9 15.3+ 2.7 31+1.8
hexa’+ 138 +11.3 515+ 18 28.3+1.1 63.5+ 2.0 28+ 1.6 65.6+ 3.6
hexa’~ (AdHEXA) 64.7+ 8.9 16.6+ 1.1 0.7£0.2 1.3+ 0.1 0.2+ 0.0 22+0.1
hexa’~ (AdHEXA + AdLacZz) 59.7+ 75 16.1+ 1.2 0.9+ 0.1 1.2+0.1 0.2+ 0.0 2.3£0.2
hexa’~ (AdHEXA + AdHEXB) 1235+ 190 207+ 21.7 26.814 21.9+1.6 14.4+ 0.2 29+ 04
hexa’~ (AdHEXB) 54+0.3 1.8+0.3 0 1.1+0.2 0.1+0.0 2+0.2

HexA activity was measured with tleesubunit-specific artificial fluorogenic substrate 4-MUGS. The enzymatic values are m8ansf the measurements in
all animals of one group of mice.



Human Molecular Genetics, 1999, Vol. 8, No. 58333

virus injected

AdHEXB
B hexa-/- mouse
AdHEXA + AdHEXB n =7 D hexa+/- mouse
AdHEXA + AdLacZ hexa +/+ mouse
AdHEXA
None

None n=35
IIIIIIIIIIIIIIIIIIIII’IIIIIE g
n=>5 2
None 5}
T L Ll L} T Ll 1 8
0 100 200 300 400 500 600 700 ]
3
HexA enzymatic activity (nmoles/h/ml) 3
=
=
@
Figure 2. Histogram of hexosaminidase A activities in serum 7 days after i.v. injection of adenoviral veueoes/immice. Enzymatic activities are measured Withg
4-MUGS as substrate, and values are meegid of values of the measurements in all animals of one group ofnnieember of animals in each group. 9
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In the third group, used as a first control group, mice receive8lecretion of hexosaminidase A in the bloodstream °
o

both 3x 1P p.f.u. of AdHEXA and 1.5 1P p.f.u. of AdLacZ o :
(n = 4). As expected, the results obtained were similar to thoEVen days after iv. injection of adenoviral vectors, sergm
obtained for the first group of animals, demonstrating that thg2MPIes were analyzed for HexA activity; the results presented in
improvement observed upon co-injection of AJHEXA angrigure2 were compared W|th'HlexA act/|V|ty levels in Wl|d-typ§:
AdHEXB was specific to the HexB transgene. and heterozygous mice. Non-injechecka’~mice showed a verys

In the fourth group, an additional contiuixa’mice received  1OW: [/Jrob.ably aspecific enzyme activity. Double injection &
1.5x 10° p.f.u. of AJHEXB. HexA levels in all tissues tested N€x@ ~ mice with AdHEXA and AdHEXB vectors resulted i
remained similar to those in non-injectdmxa’~ tissues partial restoration of serum HexA activity, equivalent to 89% ©f

remain . ect . iy P 5
indicating that synthesis of only tResubunit did not increase the the activity in heterozygousexA™ mice and 42% of that ing

. A ) o . _ - . . . /_ .
tissues’ HexA activity, whereas it increased, as expected, the tof4|d-type mice. In contrast, serum HexA activihexa ™ mice <
liver hexosaminidase activity assayed with 4-methyl-umbelliferNj€cted either with AdHEXA or with AdHEXA and AdLacZ was;

yl-2-acetamido-2-deoxp-d-glucopyranoside  (4-MUG) sub- only slightly increased, to 6-8% of the normal activity. AdHEX§

strate: 501 45 nmol/h/mg protein in AdHEXB-injectétexa’— i.v. injection alone has no effect on serum HexA activity. I§o

mice and 64 6 nmol/h/mg protein in non-injectéexa’~mice. HEXA activity was detected in serum samples taken at 2 ¢ 8
weeks after i.m. injection inexa’~mice, whatever the combina-

tion of adenoviral vectors (data not shown).

HexA activity in injected muscles Different expression patterns of the humaru-subunit
in transduced liver and muscle

220z 1snbny 9

Thehexa’ mice received either 456108 p.f.u. of AdHEXA f  Western blot analysis of the humarsubunit in the liver and
= 4), 2x 108 p.f.u. of AdHEXB @ = 5) or both by i.m. injection muscle was performed with a goat anti-huraachain-specific
during the neonatal period (days 4—7). HexA activity assayeghtibody (Fig.3). No signal was detected in samples from
with the 4-MUGS substrate in the injected gastrocnemius musaten-injectechexa’™ mice (lane 1) or AdHEXB-injectelaexa’=
is shown in Figurd. mice (lane 7). One 54 kDa band corresponding to the mature form
Injection of AdHEXA corrected HexA activity, whilst co- of the humaro-subunit of3-hexosaminidases was detected in
injection of both AdHEXA and AdHEXB resulted in a strongsamples from mice co-injected with AJHEXA and AdHEXB
overexpression. AdHexB alone slightly increased HexA activitylanes 4, 5 and 6). The intensity of this band appeared to be
most likely due to a large accumulationBe$ubunit in injected  consistent with HexA activity: 2143, 1475 and 866 nmol/h/mg for
muscle and a weak affinity of HexB for thiesubunit-specific  samples in lanes 4, 5 and 6, respectively. The sensitivity of this
artificial substrate (4-MUGS) (21). No HexA activity was western blot did not allow for detection afsubunits in the
detected in livers isolated from animals injected i.m. (data neiormal liver ofhexa’™ mice injected with AdHEXA with or
shown). without AdLacZ (lanes 2 and 3). Accordingly, HexA activity in
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Figure 3. Immunodetection of humaBrhexosaminidase-subunit in liver protein extracts after i.v. adenoviral vector injection or in gastrocnemius muscle afte
adenoviral vector injection inexa’—mice. Protein extracts (2My) were electrophoresed apdhexosaminidase-subunit immunodetection was performed with
goat anti-humai-subunit primary antibody used at 1:750 dilution, and an HRP-conjugated rabbit anti-goat 1gG by ECL.
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these conditions was 6- to 20-fold lower than that of the sampléexB, and between human and hybrid HexA, the intensity of%e

loaded in lane 6. bands indicates that most of the isoforms corresponded to°the
In the gastrocnemius muscle of i.m. injected mice, two differedtuman enzymes. lhexa’~ mice injected with AJHEXB, aU

bands of 54 and 67 kDa were found at a ratio of 1:3.5, detectettong HexB band was detected (lane 5).

O
only after co-injection with AdHEXA and AJHEXB (lanes 8 and  In the muscle, HexB was not detected in non-injebtsar’~ %
9). These specific bands correspond to the mature and precursuce (lane 6), but both intense HexA and HexB isoforms appegred
forms of the a-subunit, respectively. The 67 kDa band isafter i.m. co-injection of AdHexA and AdHexB (lane 7). o

relatlvely fuzzy and may correspond to different precursor forms The same technique was used to analyze the different secceted
of quasi- equwalent molecular mass. These bands were rghexosaminidase forms (FigB). The murine HexB precursor\
detected in muscle extracts from AdHEXA-injected micewas the only isoform detected in the serum of non- |njec$d

probably for the same reason as explained above.

Failure to detect the-subunit in mice injected with AAHEXA
alone suggests that hun@subunit is unstablie vivowhen not
associated with th@-subunit.

B-Hexosaminidase isozymic patterns in transduced

hexa/— mice (lane 5), co-migrating with the human HexB
precursor (lane 1). Injection of AdHEXA did not result |B%
secretion of any isoform other than the HexB precursor, Wh@SG
secretion was increased after injection of AHEXB (lanes 3 @nd
4, respectively). The serum of mice receiving both AAHEXA gnd
AdHEXB (lane 2) revealed abundant isoforms identified @s

HexA and HexB precursors when compared with the elecfro-

phoretic pattern in normal human serum (lane 1).

To analyze the different forms pfhexosaminidases synthesized

by the liver after i.v. injection or by muscle after i.m. injection,

hexosaminidase isoenzymes were separated by cellulose aceE®CUSSION

electrophoresis (FigtA). This figure shows human HexB-{3)

and HexA ¢—f) from normal human fibroblasts (Iane 1), andGene therapy of lysosomal diseases ideally would req&ire

murine liver HexB (Iane 2) from non-injectéexa’™ mice.  transduction of most cells of the organism by vectors encoding the

Murine liver HexB co-migrates with human HexB. In the liver ofdeficient enzyme, which remains to date an unrealistic goal.

AdHEXA-injected hexa’= mice (lane 3); the faster band Another therapeutic prospect would consist of transduction of an

co-migrating with human HexA was the humaamurinef3  important amount of cells in a large organ (liver, muscle), allowing

hybrid HexA. them to produce and release the enzyme which is lacking into the
Residual murin@—3 (HexB) was at the limit of detection, most bloodstream. This secreted enzyme could then be taken up by other

likely due to titration of the3-subunit by human interspecific tissues, and therefore correct the defect of remote non-transduced

HexA, as we have previously demonstrated (13). Similar resultglls. In order to evaluate the efficacy of this latter approach, we

were observed in the liver dfexa’~ mice co-injected with have injected adenoviral vectors coding for hexosaminidase

AdHEXA and AdLacZ (data not shown). Much more intensesubunits intchexa’™ mice deficient for HexA (16).

HexA and HexB bands were detected after co-administration of First generation adenoviral vectors are known to cause marked

AdHEXA and AdHEXB (lane 4). While electrophoretic migra- cytotoxic and immune responses and provide only transient

tion does not allow for distinction between human and murinexpression (22—-25). In adult mice injected i.v., we therefore

tissues and in serum

0z isnbny 91 u
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Figure 4.(A) Electrophoretic separation @fhexosaminidase forms in liver protein extracts after i.v. adenoviral vector injection and or in gastrocnemius muscl% after
i.m. adenoviral vector injection lexa’~mice. (B) Electrophoretic analysis of serum hexosaminidases after i.v. adenoviral vector injaetiartimice. @) Before ®

loading on cellulose acetate gel, liver and muscle protein extrackesé@mouse and liver protein extract diexa’~ AdEXA-injected mouse were concentrated —
3-fold compared with other loaded protein extracts. On the left, the positions of human HexB and human HexA presentdefitieridnsman fibroblasts are &
indicated (lane 1). Lane 2, liver protein extract from a non-injeeed "~ mouse, with the presence of murine HexB which co-migrates with human HexB. Lane

3, liver protein extract from lexa’-mouse injected with AJHEXA. Two bands are detected; the more slowly migrating band is the murine HexB and the fast€y mos
likely corresponds to human-murinef interspecific HexA. Lane 4, liver protein extract fromexa’~ mouse injected with both AJHEXA and AJHEXB. Two o
very intense bands can be detected: the more slowly migrating band corresponding to HexB (especially human but alsopussibéy dnanan—murin—3
interspecific HexB) and the faster corresponding to HexA (primarily human but also probably interspecific HexA). Lamgdginextract from hexa’~mouse
injected with AAHEXB, with the presence of one intense band corresponding to HexB (primarily human but also murine artdipeasishyurin@— interspecific
HexB). Lane 6, muscle protein extract of a non-injebedr’~mouse. No band can be detected even after concentration of the extract, due to such a low &mount
of murine HexB in muscle and to the limited sensitivity of this technique. Lane 7, muscle protein extrax&dt mouse injected with both AJHEXA and AAJHEXB.
Two intense bands are detected corresponding to human HexB (more slowly migrating band) and HexA (faster migrag)dHioamat).ilexB and HexA precursor
forms are detected in normal human serum (lane 1) as the murine HexB precursor form isftreradaminidase form detected in non-inje¢teda’ mouse
serum (lane 5). Lane 2, serum dfexa’~mouse injected with both AdHEXA and AdHEXB. Two bands are detected corresponding to the human HexA precursor
form and both murine and human HexB precursor forms. Lane 3, serum of an AdHEXA-ihgaigdmouse. Only the murine HexB precursor form is detected

due to the low sensitivity of the technique. Lane 4, serum of an AdHEXB-injestad-mouse, with the presence of an intense band corresponding to both the murine
and human HexB precursor forms.
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studied the level of enzyme correction in various organs and synthesis of interspecific human—-mouse HexA was detected by
serum at day 7 after injection. acetate electrophoresis. Interestingly, we also demonstrated that
Surprisingly, administration of AAHEXA alone by i.v. injection i.v. co-injection of AJHEXA and AdHEXB allowed for an

allowed for only a partial correction of HexA activity in the liver overexpression of HexA in the liver, and for the correction of
of hexa’~mice (47%). HexA activity detected in other peripheraHexA enzymatic activity in all peripheral tissues tested, i.e. the
tissues and in the serum was very weak or null, respectively. Thirger, heart, spleen, skeletal muscle and kidney. It is noteworthy
low level of liver HexA activity was not due to the inability of the that the minimal rate of enzymatic correction in peripheral tissues
humana-chain to associate with the murifesubunit, since (34%) could be largely higher than the theoretically needed



836 Human Molecular Genetics, 1999, \ol. 8, No. 5

therapeutic threshold for Tay—Sachs disease and for otheeansduced muscles, suggesting poor or no release into the
lysosomal storage diseases. Indeed, a 10% residual activity of thieodstream. In this case, muscle appears to be unsuitable for the
deficient lysosomal enzymes has been shown previously production of HexA recombinant protein after gene transfer, most
prevent the development of such diseases (6,7). likely due to the size of the precursor forms, @l the HexA

The requirement for co-transduction of AHEXA and Ad-precursor is 12@ 20 kDa) or to the complex glycosylation. The
HEXB for effective HexA production indicates that theubunit ~ same observation recently has been demonstrated for one other
produced in excess cannot heterodimerize with endogenolysosomal enzymeg-glucosidase (40).
-subunit present at low, limiting levels. The levéiekbmRNA We report here for the first time the correction of HexA activity
is indeed extremely low in the murine liver and muscles (26,27at the therapeutic level in peripheral tissues after adenoviral gene
Accordingly, we detected a very weak He{B§) activity in  transfer. This correction, however, has not been evaluated in the
these organs ihexa’~ mice (data not shown). Finally, we also long term because of the known non-persistence of transgene
demonstrated that overexpression ofcthgibunit in transduced expression after first generation adenoviral vector transfer. In
HexA-deficient murine fibroblasts leads to a depletion of HexBthese experiments, HexA deficiency was not corrected in the
i.e. B-subunit (13). The importance of this result may extendprain. This is consistent with the absence of brain transduction
beyond the scope of hexosaminidase deficiencies and be foflowing i.v. adenoviral administration (17,18), and with the
significance for other diseases which result from deficiency iabsence of blood-brain barrier transport for HexA that has been
one subunit of heterodimeric or heteromultimeric proteins, sudescribed previously (19). However, a recent study has suggested
as clotting factor Xl (28), fibrinogen (29) or globin chains that neuronal & ganglioside accumulation is not responsibf
(30,31). for all Gy2 gangliosidosis symptoms (20). In that study, Pebiad

Partial restoration of HexA enzymatic activity was found inél. (20) raised the hypothesis that Tay—Sachs disease could b& due
skeletal muscle and kidney after i.v. co-administration ofo the presence of a toxic HexA substrate, such as lygo-G
AJHEXA and AJHEXB. This correction was most likely relatedganglioside, which could be synthesized and secreted>by
to an enzyme uptake mechanism by these tissues from tperipheral tissues. Should this hypothesis be true, periphgral
bloodstream rather than to their direct transduction by thenzymatic HexA correction at the therapeutic level could indtice
adenoviral particles. Intravenous injection of recombinanthe degradation of such a toxic compound and thereby inhibitits
adenovirus is well known to target the liver rather than the kidnegccumulation. This hypothesis, however, cannot be tested in
or muscle (17,18). Accordingly, 7 days after retro-orbital plexuiexa’~ mice, which show no neurological phenotype. On the
injection of 3x 1P p.f.u. of AdLacZ in fouhexa’~ mice, liver ~ other hand, if HexA delivery to the central nervous system
was transduced at 40%, whereas very few transduced muscle cEI§ains a necessity, it could be achieved by obtaining difect
and no transduced kidney cells were detected (data not showsynthesis of HexA by neuronal cells, i.e. by injection of
Two further arguments can be raised to support the hypothesis@épgenitor neuronal cells into the brain (41,42), or by the
an uptake mechanism: (i) a high level of HexA enzymatic activitpynthesis in peripheral tissues of a modified HexA protéin
was detected in the serum loéxa’~ mice submitted to i.v. Capable of reaching the central nervous system throughzthe
co-administration of both AdHEXA and AdHEXB; and (ii) the blood-brain barrier (43-45). o _ e
uptake of HexA from the bloodstream has been demonstratedn conclusion, we show that it is possible to obtain the
previously after i.v. injection of purified HexA in patients restoration of a theoretically therapeutic enzymatic activity&n
suffering from Sandhoff disease, characterized by HexA arggveral peripheral tissues in the mouse model of HexA deficiescy.
HexB deficiency (19). This uptake process was also deséribedOur study demonstrates that th!s restoration requires the adnihis-
vivofor other lysosomal enzyme deficiencies treated by substitifation of botha- and B-subunits off-hexosaminidases, and:
tive enzymatic therapy (32—34). In other tissues such as the livEpggests that the liver could be an effective organ for overexpres-
or in organs transduced less efficiently by adenoviral vector§ion and secretion of a protein into the bloodstream which cauld
such as the spleen and the heart, it is likely that the detected Hé;t}@n be taken up by peripheral tissues. We currently are testing
activity is accounted for by both viral transduction and enzymtis approach on the HexA/HexB-deficient mouse model ch-
uptake. tamed by disruption of thbexb murine gene (15,46)_. These;

Adenoviral gene transfer into the muscle of newborn animaRnimals reproduce the Tay—Sachs phenotype more faithfully than
has been reported by several groups to allow for a bettd}ed-subunit-deficient mice (47). In addition, they display bdgn
transduction than that for adult muscle (35) and systemic reledd@/iPheral and central disorders such that the efficacy of
of therapeutic proteins, such as factor IX, erythropoietin anBeripheral dellv_ery of the subunits which are lacking in both ty@s
neurotrophin 3 (36-39). We therefore investigated whether i@ Pathology will be easy to check.
adenoviral administration of AJHEXA and AdHEXB in these
optimal conditions cquld induc_e_therapeutic syr_lthesis of HEXAMATERIALS AND METHODS
and systemic secretion. Surprisingly, whereas injected muscles
overproduced HexA, no enzymatic activity was detected in eithe{denoviral vectors
serum or peripheral organs, such as the liver. In contrast, i.v.
administration of both recombinant adenoviruses was associat€de three recombinant adenoviral vectors, AAHEXA, AdHEXB
with a highly significant release of HexA into the bloodstream. Irand AdLacZ, are E1/E3 deleted. The adenoviral vector AAHEXA
hepatocytes, which are transduced preferentially after i.v. injeceding for the humao-subunit off3-hexosaminidases has been
tion, mature humaa-subunit is the only form detected. We did described previously (12). Briefly, tHéEXA coding sequence
not detect the precursor form, probably because it is secreteds inserted into the E1 region and its expression was driven by
rapidly, reflecting the high HexA systemic release by the liver. Ithe RSV long terminal repeat promoter. For the plasmid
contrast, human-subunit accumulates in its precursor form inpAdCMV, HEXB was constructed by E. Kremer and C. Drugan
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and will be presented in detail elsewhere. In this vectdf#¥B  rabbit anti-goat IgG horseradish peroxidase-conjugated second-
cDNA was under the control of the cytomegalovirus promoteary antibody by enhanced chemiluminescence.
(CMV). The AdLacZ (22), used as a control vector, encoded

Escherichiacoli B-galactosidase targeted to the nucleus under the ) o
control of the CMV promoter. Electrophoresis of-hexosaminidases

Protein extracts were concentrated or not three times by
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