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KAP1 is an essential cofactor of KRAB zinc finger proteins, a family of vertebrate-specific epigenetic
repressors of largely unknown functions encoded in the hundreds by the mouse and human genomes. So far,
KRAB/KAP1-mediated gene regulation has been studied within the environment of chromosomal DNA. Here
we demonstrate that KRAB/KAP1 regulation is fully functional within the context of episomal DNA, such as
adeno-associated viral and nonintegrated lentiviral vectors, and is correlated with histone modifications
typically associated with this epigenetic regulator.

The mouse and human genomes each encode about four
hundred KRAB (Krüppel-associated box)-containing zing fin-
ger proteins (KRAB-ZFPs). These tetrapod-specific transcrip-
tional repressors thus constitute the single largest family of
gene regulators found in mammals, yet their functions remain
collectively ill defined, and very few of their targets have been
identified unequivocally (13, 14, 17). In contrast, a good un-
derstanding of their mechanisms of action has been achieved,
notably through the identification and characterization of
KAP1, believed to represent their universal corepressor. KAP1
(KRAB-associated protein 1), also known as TIF1� (transcrip-
tion intermediary factor 1�), KRIP1 (KRAB-interacting pro-
tein 1), and TRIM28 (tripartite motif protein 28) (5), harbors
the following, from its N to its C terminus: a RING finger, B
boxes, a coiled-coil region, a PHD finger, and a bromodomain
(10, 20). The first three of these motifs define the so-called
RBCC or TRIM domain, which is both necessary and sufficient
for homo-oligomerization and direct binding to KRAB. Upon
recruitment to DNA loci, KAP1 functions as a scaffold for the
formation of a multimolecular complex, comprising hetero-
chromatin protein 1 (HP1), histone deacetylases, and histone
methyltransferases, which induces transcriptional repression
through the formation of heterochromatin (1, 27).

We recently described a lentiviral vector (LV) system for con-
ditional transgenesis and knockdown based on the tetracycline-
controllable trans-repressor tTRKRAB, a chimeric protein built
by fusing KRAB with the DNA binding domain of the Escherichia
coli tetracycline repressor (tetR). Upon binding tetracycline oper-
ator (teto) sequences, tTRKRAB induces transcriptional repres-

sion, which can silence RNA polymerase I, II, and III promoters
situated nearby, thus allowing for doxycycline (Dox)-regulated
gene expression and knockdown (4, 7, 28, 32). Using this system,
we demonstrated that KRAB-induced silencing is fully reversible
in vitro and in vivo, even after prolonged periods of repression,
whether in a variety of established human and murine cell lines,
in primary cells, or in the brains of rats injected with an LV
expressing the tTRKRAB repressor and a teto-controlled target.
One exception to this rule was the early embryonic period, where
tTRKRAB induced irreversible silencing through promoter DNA
methylation (31). The latter observation suggested that the
KRAB/KAP1 pathway plays an essential role in DNA methyl-
ation events taking place during the early embryonic period, a
model supported by the recent finding that mice with a knockout
of ZFP57, a member of the KRAB-ZFP family, exhibit a failure
to establish maternal methylation imprints at specific loci and
defects in the postfertilization maintenance of maternal and pa-
ternal methylation imprints at multiple imprinted domains (14).

KRAB/KAP1-mediated gene regulation has been studied so
far either by using integrating gene delivery systems or through
the analysis of cellular genes, that is, within the environment of
chromosomal DNA. Here we asked whether this system could
similarly regulate episomal gene expression. For this purpose,
we examined the tTRKRAB-mediated regulation of trans-
genes carried by adeno-associated viral (AAV) vectors and
integration-defective lentiviral vectors (IDLV) and investi-
gated the types of chromatin modifications induced by this
transcriptional modulator in such environments. We chose
AAV vectors and IDLV because of their place in gene therapy,
where nonintegrating systems are the focus of intense study to
avoid insertional mutagenesis and cis-acting influences from
the local chromosomal environment. Additionally, these vec-
tors provide experimentally convenient paradigms for episo-
mal DNA generated by a large number of viruses, for instance,
members of the herpesvirus group.

MATERIALS AND METHODS

Cell culture. 293T cells, kindly provided by L. Naldini (Tiget, Milan, Italy), and
HCT116 cells, obtained from ATCC (Manassas, VA), were grown in Dulbecco’s
modified Eagle’s medium (Invitrogen) supplemented with 10% heat-inactivated
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fetal calf serum (HyClone), 50 IU/ml penicillin, and 50 �g/ml streptomycin
(Invitrogen) at 37°C in a humidified atmosphere containing 5% CO2.

Dox (Sigma Aldrich) was used at a standard concentration of 1 �g/ml.
For primary embryonic fibroblast isolation, pregnant females were sacrificed at

day 13 of gestation by cervical dislocation. The uterine horns were dissected and
place into a 10-cm petri dish. Each embryo was separated from its placenta and
surrounding membranes, and the head and viscera were removed. The embryos
were rinsed several times with 1� phosphate-buffered saline (PBS) and finely
minced with scissors. The tissue suspension was then treated with trypsin (about
1 to 2 ml per embryo) for 5 to 6 min at 37°C. The resulting cell suspension, which
should have been essentially free of any larger pieces of tissue, was transferred
to 50-ml Falcon tubes, and trypsin was inactivated by adding fresh MEF medium.
This medium is composed of Dulbecco’s modified Eagle’s medium supplemented
with 10% non-heat-inactivated fetal calf serum (HyClone characterized fetal
bovine serum), 50 IU/ml penicillin, and 50 �g/ml streptomycin. The cells were
then plated out at 1 embryo equivalent per 10-cm dish, and the medium was
changed on the following day. The fibroblasts would be the only cells that
attached to the dishes. Plates that were normally confluent within 1 day were
either frozen or split 1/5.

Vectors. A recombinant AAV vector genome encoding enhanced green fluo-
rescent protein (EGFP) under the control of the murine phosphoglycerate ki-
nase (mPGK) promoter flanked by AAV serotype 2 inverted repeats was gen-
erated from pAAV-MCS (Stratagene) in the P. Aebischer lab (29). TetO
sequences were introduced downstream of the polyadenylation site from the
bovine growth hormone gene. Vector DNA was packaged into rAAV serotype 6
by cotransfection of a 293AAV cell line that stably expresses the E1 gene, which
is needed for activation of the rep and cap promoters, with the pDF6 helper
plasmid (9). Cell lysates were purified 48 h later on a heparin affinity column,
using high-pressure liquid chromatography. Viral titers (infectious particles)
were determined by 2-h transductions of 105 293T cells with serial dilutions of the
vector preparation in a 12-well plate. Forty-eight hours later, transduced cells
were analyzed for EGFP expression by fluorescence-activated cell sorting
(FACS).

pFUT, pLV-tTR-KRAB-Red, and a self-deleting LV expressing CRE were
described previously (3, 31, 32). The integrase-defective third-generation pack-
aging plasmid pMD.Lg/pRRE.D64VInt was provided by L. Naldini (16). IDLV
and control stocks were produced as previously described (35), with the pFUT
vector plasmid, the pMD.Lg/pRRE(D64VInt) packaging plasmid, the pMD2.G
envelope-encoding plasmid, and pRSV-Rev in the following amounts: 22.5, 14.6,
7.9, and 6 �g DNA per 15-cm dish, respectively. Culture medium was collected
at 24 and 36 h, pooled, filtered through a 0.2-�m filter, concentrated approxi-
mately 1,000-fold by ultracentrifugation, aliquoted, and stored at �80°C until
used. The amount of p24 capsid protein was determined using HIV-1 p24 core
profile ELISA (NEN/Perkin-Elmer) as described by the manufacturer. Viral
titers (infectious particles) were determined by 2-h transductions of 105 HCT116
cells with serial dilutions of the vector preparation in a 12-well plate. Seventy-two
hours later, transduced cells were analyzed for EGFP expression by FACS.

In vivo analysis. The generation and genotyping of floxed KAP1 mice have
been described previously (30).

Andreas Trumpp provided the hPGK::tTRKRAB transgenic mice. For the
generation of this transgenic line, a linearized construct (2,034 bp) containing the
human PGK (hPGK) promoter, tTRKRAB, and rBG poly(A) was injected into
fertilized eggs at the single-cell stage. Pronuclear injections were performed at
the ISREC mouse mutant core facility under the supervision of Friedrich Beer-
man. Putative founders from the F0 generation were screened by PCR with the
following primers: GAGTGGAAGCTGCTGGACAC as the forward primer and
CAGGATGGGTCTCTTGGTGA as the reverse primer.

Dox was administered in drinking water at a concentration of 2 g/liter supple-
mented with 4% sucrose.

AAV vectors were administered through intravenous injection of 150 �l of
PBS containing 107 transducing units of vector into the tail vein, using a 29-gauge
U-100 insulin syringe (BD Micro-Fine �).

For whole-body in vivo analysis, anesthetized mice were imaged using a
charge-coupled device camera in a Xenogen IVIS imaging system. The fluores-
cence was quantified using Living Image software (Xenogen).

For histology analysis, mice were perfused with cold PBS (Gibco) followed by
50 ml of 4% paraformaldehyde (Sigma). Organs were dissected, postfixed for 2 h
at 4°C, washed three times with 1 � PBS, and embedded in OCT compound.
Organs were sectioned on a cryostat at 10 �m and collected on Superfrost�
slides. For immunofluorescence, sections were pretreated in 1� PBS containing
0.25% Triton X-100 and blocked with 1% bovine serum albumin and with a
streptavidin-biotin blocking kit (Vector Labs). A polyclonal rabbit anti-GFP
antibody (Molecular Probes, Invitrogen) (1:100) was incubated overnight at 4°C.

The next day, sections were incubated for 40 min at room temperature (RT) with
a biotin anti-rabbit antibody (Jackson Immunoresearch) (1:300), followed by 30
min at RT with streptavidin-Alexa 568 (Molecular Probes, Invitrogen) (1:1,000).
DAPI (4�,6-diamidino-2-phenylindole) (1:10,000) was used as a nuclear marker.
Sections were coverslipped with 1� PBS–glycerol containing DABCO (Sigma)
and then analyzed with a Leica DMI 4000 microscope (�20 objective).

ChIP. Chromatin immunoprecipitation (ChIP) was performed according to
the Upstate protocol, with minor modifications. In brief, 107 cells per precipi-
tating antibody were cross-linked in 10 ml at a final concentration of 1% form-
aldehyde for 15 min at room temperature. Fixation was quenched by adding
glycine at a final concentration of 0.125 M. The cells were then rinsed three times
with cold 1� PBS and lysed on ice with 1 ml buffer containing 50 mM Tris-Cl, pH
8, 10 mM EDTA, 1% sodium dodecyl sulfate (SDS), and protease inhibitors. The
cell lysate was sheared into about 300- to 700-bp pieces, using a Branson digital
sonicator (model 102C). Each sample was sonicated on ice four times for 20 s
each at 30% of maximum power.

One hundred microliters of sonicated lysate was directly de-cross-linked by
adding 1% SDS, 100 mM NaOH, and 50 �g/ml RNase A for 2.5 h at 55°C and
then adding 200 �g/ml proteinase K overnight at 65°C. DNA was extracted with
phenol-chloroform, ethanol precipitated, and resuspended in 50 �l H2O. A 1/350
dilution of this sample was used for normalization (total input [TI]).

One hundred microliters was used for each ChIP reaction and was diluted in
900 �l ChIP dilution buffer containing 0.01% SDS, 1.1% Triton X-100, 1.2 mM
EDTA, 16.7 mM Tris, pH 8.1, 167 mM NaCl, and protease inhibitors. The
samples were precleared with 80 �l salmon sperm DNA–protein A agarose
before the precipitating antibodies were added for overnight incubation at 4°C in
a rotator. The lysate was precleared with 80 �l salmon sperm DNA–protein A
agarose and immunoprecipitated overnight at 4°C with 5 �g of antibody directed
against trimethylated H3K9 (Abcam) or KAP1 (rabbit polyclonal; a gift of Dave
Schultz, Wistar Institute, Philadelphia, PA). Chromatin-antibody complexes
were isolated with 60 �l of salmon sperm DNA–protein A agarose beads for 1 h.
Beads were sequentially washed with low-salt, high-salt, LiCl, and Tris-EDTA
(twice) buffers. Chromatin was eluted twice with 150 �l 100 mM NaHCO3, 1%
SDS buffer. The cross-link between DNA and histones was reversed under
high-salt conditions at 65°C overnight. Samples were then treated with RNase A
for 30 min at 37°C and with proteinase K for 3 h at 55°C, extracted with
phenol-chloroform, ethanol precipitated, and resuspended in 50 �l H2O. A 1/5
dilution of the samples was then subjected to quantitative real-time PCR (ABI
Prism 7900). Primers specific for the promoters present in the rAAV IDLV and
LV were used. Primers for rAAV were targeted to the mPGK promoter (GGC
ACT TGG CGC TAC ACA A as the forward primer and CCT ACC GGT GGA
TGT GGA AT as the reverse primer), and those for LV were targeted to the
ubiquitin (Ub) promoter (GGC CCG CTG CTC ATA AGA as the forward
primer and AAG TCC CGT CCT AAA ATG TCC TT as the reverse primer).
The silenced MyoD gene and ZNF77 served as normalizers for H3K9 trimethyl-
ation and KAP1 IP, respectively. The primers used were as follows: MyoD
forward and reverse, CCG CCT GAG CAA AGT AAA TGA and GGC AAC
CGC TGG TTT GG, respectively; and ZNF77 forward and reverse, GGCTGC
AGTTGAGCCTTCA and CACTGTCTGCCTGGTTTCTATGG, respectively.
SYBR green quantitative real-time PCRs were run in triplicate with Power
SYBR green PCR master mix (Applied Biosystems), using standard procedures.
Negative control reactions without antibody were run for each sample and in all
cases gave negligible results. To ensure the specificity of the PCR products, these
were subsequently evaluated by dissociation curve analysis. To quantify the
relative enrichment of H3K9 trimethylation or KAP1 at each promoter se-
quence, a ratio of the relative quantities of IP and TI was calculated with the help
of a standard curve made with serial dilutions. To compare the relative enrich-
ments (IP/TI) at promoters of interest (mPGK and Ub), we then normalized our
IP/TI values by dividing them by either the IP/TI for MyoD (for H3K9 trimethyl-
ation) or that for ZNF77 (for KAP1).

All data are expressed as means � standard errors of the means, based on the
results of two independent experiments.

RESULTS

tTRKRAB can regulate transgenes on episomal DNA both
in vitro and in vivo. We previously exploited KRAB/KAP1-
mediated regulation to achieve drug-controllable transgene ex-
pression within the setting of an integrating LV expressing
EGFP from the Ub C promoter and harboring teto sequences
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in the U3 region of the long terminal repeat (LTR) (28, 31)
(Fig. 1). In this study, we produced virions containing this
vector, using either a prototypic, integrase-competent packag-
ing construct or its mutated counterpart. Previous studies dem-

onstrated that IDLV are competent for delivering transgenes
to the nuclei of target cells, where they are expressed in the
absence of integration (22, 24, 33). In parallel, we inserted teto
sequences into a rAAV2 encoding EGFP under the control of
the mPGK promoter (Fig. 1) and produced viral particles
coated with the AAV serotype 6 capsid.

We used the LV, IDLV, and AAV particles to transduce
293T cells that stably express the tTRKRAB trans-repressor
owing to prior transduction with the LV-tTRKRAB-Red vec-
tor (Fig. 1). These cells were then cultured for 2 days in the
presence of absence of Dox and analyzed by FACS for GFP
expression (Fig. 2). All three vectors induced tTRKRAB-con-
trollable GFP expression, with high levels in the presence of
Dox and full silencing in the absence of drug. Regulation was
as efficient with the episomal rAAV and IDLV as with the
integrated LV, indicating that the KRAB/KAP1 pathway can
repress nonintegrated DNA in vitro.

The functionality of tTRKRAB-mediated regulation of the
episomal transgenes was then examined in vivo. Given that
intravenous administration of rAAV serotype 6 has been dem-
onstrated to result in systemic delivery (8), 3-month-old trans-
genic mice (n � 6) expressing tTRKRAB under the control of
the ubiquitous hPGK promoter were administered 2 � 108

transducing units of rAAV through the tail vein. Animals were
then given Dox, or not (n � 3 in each group), in the drinking
water for 3 weeks. Two control groups were represented by
mice that were either noninjected or injected with a homolo-
gous, albeit nonregulatable rAAV vector devoid of teto se-
quences. At 3 weeks post-rAAV injection, mice were analyzed
for EGFP expression by Xenogen IVIS three-dimensional im-
aging, which allows for noninvasive yet quantitative measure-
ment of fluorescence in live animals (Fig. 3A). GFP expression
in muscle was scored by shaving the overlying hair, which
otherwise blocks emission. Fluorescence was as intense in an-
imals injected with the regulatable rAAV and kept on Dox as

FIG. 1. Schematic diagram of the vectors used in the study. The rAAV vector encodes EGFP under the control of the mPGK promoter, with
teto sequences in one copy downstream of the EGFP gene. ITR, AAV inverted terminal repeats for AAV2; �-globin intron, beta-globin mRNA
slice donor/splice acceptor; hGH polyA, the polyadenylation site from the bovine growth hormone gene. The LV are self-inactivated; the 5� U3
region is wild type except for that in LV-pFUT, which comes from cytomegalovirus (CMV). The teto sequences in pFUT are located in the deleted
part of the 3� U3 region. All vectors bear the encapsidation signal, the Rev-responsive element (RRE), the central polypurine tract with its
termination sequence (cPPT/cTS), and the woodchuck hepatitis virus responsive element (WPRE). The internal promoter is the one from Ub C
(Ubiquitin) for LV-pFUT, the one from human elongation factor 1 alpha (EF1	) for LV-tTRKrabRed, and the one from cytomegalovirus for
LV-Cre. IRES, internal ribosome entry site derived from the encephalomyocarditis virus; tTRKRAB, cDNA encoding the tetracycline transre-
pressor (tTR) from Escherichia coli Tn10 fused to the KRAB domain of human Kox1; Cre, Cre recombinase; dsRed2, variant red fluorescent
protein modified with six point mutations that improve solubility by reducing the tendency to form aggregates.

FIG. 2. In vitro regulation of EGFP expression from AAV and
IDLV by tTRKRAB. 293T cells carrying 20 copies of LV-tTR-KRAB-
Red were transduced in the presence or absence of Dox with either
rAAV encoding mPGK-eGFP-tetO at a multiplicity of infection
(MOI) of 1.5 or LV-pFUT or IDLV at an MOI of 30 or 40, respec-
tively. 293T cells containing no LV-tTR-KRAB-Red vector were trans-
duced under the same conditions in the presence of Dox. The cells
were FACS analyzed at 48 h posttransduction. For the LV-tTR-
KRAB-Red-transduced cells, the percentage of EGFP-positive cells is
gated on the dsRed-positive population.
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in the controls injected with the nonregulatable rAAV, while in
the absence of Dox it dropped to the background levels mea-
sured in the noninjected mice. In order to confirm these data,
the rAAV-induced GFP expression profile was assessed by
GFP-specific immunofluorescence analysis of muscles, hearts,
and livers harvested from animals sacrificed at 4 months
postinjection. These tissues were previously identified as the
most efficiently transduced tissues after intravenous injection
of AAV6 capsid-coated vectors (29). The results confirmed the
Dox-dependent transgene expression from the tTRKRAB-
controllable rAAV (Fig. 3B).

Episomal tTRKRAB silencing is KAP1 dependent. KAP1 is
essential for KRAB-mediated repression within the context of
integrating LV (31). To confirm that this corepressor is also in-
volved in KRAB-induced silencing of episomal transgenes, we
used primary embryonic fibroblasts obtained from mice carrying
Cre recombinase-excisable KAP1 alleles (30), as previously de-
scribed (31). These cells were first transduced with the LV-
tTRKRAB-Red construct to induce stable tTRKRAB expression
before transduction with an LV expressing the Cre recombinase

to inactivate KAP1 (3) or with an empty vector as a control.
Finally, the resulting KAP1-competent and KAP1-defective pri-
mary embryonic fibroblasts were exposed to the teto- and GFP-
containing rAAV, IDLV, and LV vectors, cultured in the pres-
ence or absence of Dox for 2 days, and examined by FACS for
EGFP expression. PCR analysis of Cre-treated cells confirmed
the efficient excision of the loxP-containing KAP1 alleles (Fig.
4B). In these targets, tTRKRAB-mediated control of transgene
expression was lost from all three types of vectors (Fig. 4A),
indicating that KRAB-induced silencing is as KAP1 dependent
for episomal as for chromosomal DNA.

tTRKRAB/KAP1 silencing of episomal DNA is mediated by
histone modification. In order to investigate the mechanism of
tTRKRAB/KAP1 transcriptional repression of episomal vectors,
we performed ChIP on DNA isolated from tTRKRAB-express-
ing 293T cells transduced with the teto- and GFP-containing
rAAV, IDLV, or LV, using antibodies directed against either
KAP1 or histone 3 trimethylated on lysine 9 (H3K9me3). Methyl-
ation of H3K9 is a chromatin modification implicated in gene
silencing and notably mediated by the KAP1-associated SETDB1

FIG. 3. In vivo regulation of EGFP expression from AAV vector by tTRKRAB. Transgenic mice expressing the tTRKRAB protein under the control of
the hPGK promoter were injected intravenously with rAAV. (A) At 3 weeks postinjection, EGFP fluorescence was measured with a Xenogen IVIS imaging
system on live animals treated (4) or not treated (3) with Dox. A noninjected animal was used as a negative control (1), and a tTRKRAB transgenic mouse
injected with a nonregulatable AAV encoding EGFP under the control of the hPGK promoter without the teto sequence was used as a positive control (2). The
color scale next to the images indicates the signal intensity. (B) At 4 months postinjection, animals were sacrificed and GFP expression analyzed by immuno-
fluorescence with an antibody directed against EGFP on different tissues (liver, heart, and muscle). The animal numbers are the same as those in the
whole-animal images: panels 1 and 2 are the negative and positive controls, respectively, and panels 3 and 4 are hPGK::tTRKRAB mice injected with the
regulatable AAV, treated (4) or not (3) with Dox.
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histone methyltransferase (12, 27). Chromatin immunoprecipi-
tates were amplified with primers specific for the promoters
present in rAAV, IDLV, and LV, as well as those of MyoD, a
muscle-specific master regulator used as a reference for a gene
repressed in 293T cells, and ZNF77, a KAP1-binding KRAB-
ZNF (23). Promoter sequences present in all three vectors exhib-
ited the same degrees of Dox-inhibited enrichment in H3K9 tri-
methylation and KAP1 binding (Fig. 5), a pattern fully consistent
with drug-controllable, tTRKRAB-mediated, KAP1-induced re-
pression through the recruitment of H3K9 histone methyltrans-
ferase (27).

DISCUSSION

This study demonstrates that the tTRKRAB/KAP1 system
can be applied successfully to episomal DNA produced by
AAV and IDLV to achieve drug-controllable, epigenetically
regulated transgene expression in tissue culture and in vivo.
Nonintegrating vectors are of particular interest to avoid in-
sertional mutagenesis (11, 21, 26) and have become first-choice
gene delivery systems in some applications, for instance, in the
brain (18, 24). The present work expands their versatility by
conferring external controllability, an asset of importance, for
instance, to express therapeutic genes that might be detrimen-
tal if constantly expressed, such as those encoding growth fac-
tors (6).

A KRAB fusion protein was previously used to tighten the
regulation of tetracycline-controlled artificial promoters within
the setting of episomal DNA, whether from Epstein-Barr vi-

rus-based plasmids (2), helper-dependent adenoviral vectors
(25), or rAAV vectors (19). In this study, we used this system
to confer external regulation to natural promoters. While only
polymerase II promoters were tested here, our previous results
indicating that tTRKRAB can regulate the polymerase III-
mediated expression of small hairpin RNAs (32) suggests that
the vectors described here could also be used for drug-control-
lable gene knockdown.

Importantly, our experiments also demonstrate that KRAB/
KAP1 epigenetic regulation is fully functional within the con-
text of episomal DNA. Indeed, the drug controllability of our
AAV and IDLV (i) was completely dependent upon KAP1 and
(ii) correlated with histone modifications typically associated
with this epigenetic regulator. The involvement of the KRAB/
KAP1 pathway in the regulation of episomal DNA was previ-
ously observed within the context of herpesviruses. First, the
KRAB-ZNF ZBRK1, along with KAP1, was found to interact
with the EBV replication protein BBLF2/3, thus partaking in a
complex that provides an origin-tethering function for EBV
replication (15). Also, the replication and transcription activa-
tor (RTA) protein of Kaposi’s sarcoma-associated herpesvirus
(KSHV), a transactivator of the lytic cascade of this pathogen,
is inhibited by K-RBP (KSHV RTA-binding protein), a KAP1-
recruiting KRAB-containing transcriptional repressor that can
suppress KSHV passage from latency to lytic replication (34).
Our data indicate that KRAB/KAP1-induced epigenetic alter-
ations may regulate the biology of nonintegrating DNA viruses
at large.

FIG. 4. tTRKRAB-mediated regulation of AAV and IDLV is KAP1 dependent. (A) GFP expression in primary embryonic fibroblasts derived
from mice homozygous for a floxed KAP1 allele first transduced with LV-tTRKRAB-Red and LV-Cre, followed by transduction with AAV,
LV-pFUT, or IDLV, as indicated under the graphics. Cells were cultured with or without Dox and FACS analyzed 48 h after the last transduction.
(B) PCR analysis of primary embryonic fibroblasts after transduction with LV-tTRKrabRed and/or LV-Cre to check for KAP1 excision. The
flox/flox band represents a null allele.
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