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Hut78 and mutants

As seen in the introduction, the structure ofghatein Hut78 results from
the fusion of the first 666 amino acids of p10Ged to three extra amino acids,
serine-alanine-serine (SAS) (Thaket al., 1994; Zhanget al., 1994). It
maintains therefore the N-terminal part of p100ataming the Rel homology
domain (RHD) with its nuclear localization signBlLS), the glycine rich region
(GRR) involved in the processing into p52 and fiféhe seven ankyrin repeats,
but it lacks the C-terminal processing inhibitorgnthin (PID). In order to
determine the functional domains of Hut78 involvedts oncogenic activity,
we mutated or deleted the principal regions of pinetein and observed the
effects of such alterations on the properties of7/BuThe different mutants
generated and tested in this work, are listed &ederepresented figure 17:
pl00 template using a 3’ primer with an additios@duence encoding the three
extra amino acids SAS (Gaétan Vanstraelen, Patiieiour).

Hut78 into p52 (Lin and Ghosh, 1996), results m@ant that doesn’t generate
p52 anymore.

to DNA and for the stabilization of the DNA-protemomplex (Michalopoulos
and Hay, 1999). This lysine residue is highly comseé among all the Rel/NF-
kB proteins, except in c-Rel, where there is anramgi instead of a lysine,
suggesting that the interaction is due to the p@sitharge of the amino acid.
The authors showed that replacement of this pe$yticharged hydrophilic
lysine with alanine did not change the overall e of p50 dimers (Cramer
al., 1997; Michalopoulos and Hay, 1999). By structanalogy, we determined
that the lysine 75 in p52 corresponds to the ly8ién p50, and as p52 loop has
a very similar structure to its p50 homologue, visoachose to mutate this
residue in alanine, by site-directed mutagenesis.

generated by insertion of a stop codon after eaklgran repeat and thus retain
from 1 (ankyrin 1) to 5 (ankyrin 5) ankyrin repeats

PCR and lack variable portions of the Rel Homoldgynain (RHD).
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Figure 17. Schematic representation of the differnt Hut78 mutants generated ir this

work. They lack, afterdeletion or mutation, variable portions of the pijpal functional
domains of the protejnincluding the Rel Homology omain (RHD), theankyrin-repeats
domain (ARD),the nuclear localizationignal (NLS) or the glycine-ricmegion (GRR). The
star in K75A mutant represents the lysine in posifrt, mutated in alanineThe number of
amino acids of each protein is indicated on thbtr

Determination of the subcellular localization of Hut78

Nuclear extractammunoblottings and immunofluoregnce ass:s in the
HUT78 cell line, previously shown that both pandHut78 arelocated in the
nucleus, suggesting that Hut78 can translocate timonucleusas a primary
translation productyithout further proteolytic processing (Thaket al., 1994;
Zhanget al., 1994).To confirm the nuclear localization of Hut78, wefpemed
an immunofluorescence assay in ta cells overexpressing pl100, ptor
FLAG-Hut78, using grimary antibody targeting the canmon N-terminal part
of these proteins araisecondary antibody coupled to F (Figure 18).
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p100 Hut 78

Figure 18 Hut78 is localized in the nucleus like p52, whereas pl10(
remains in the cytoplasm. HelLa cells were transfected with 2jof the
indicated expression vectoand analyzed by immunofluorescence using
antiserum recognizing the -terminal peptide of NkB2 p5z/p1l00 as a
primary antibody anéITC-conjugate anti-mouse 1& secondary antibod

We observedhat p52and Hut78 are found in ¢hnucleus, whereas pl
remains in thecytoplasm. Taken togethethese results suggest t loss of the
C-terminal domairof p100alters the subcellular localizatiai the proteirand
allows it to escape the regulatory mechars which retai pl00 in the
cytoplasm.Deletion of the death domain (D and/orankyrin repeatdisrupts
the threedimensional domain formed by - and Niterminal sequences
interaction, making the NLS exposed, which resultthe nuclear translocatio
of the protein (Qinget al., 2005a). Moreover, the @rminal part of p10was
shown to possess nuclear export function, which cotalsopartly explain the
nuclear localization of the truncated mutants lagkihis region (Solaet al.,
2002).

The putativenuclear localization signal identified in p50, pand c-rel
(Gilmore and Temin 1988; Hanninkand Temin, 1989) was shown to
conserved in the protein sequence of-kB2/p100 (Neriet al., 1991). This
sequence is composed of fibasic,positively charged amino acl (RKRRK),
located in the Germinal part of the Rel Homology domain (aminodac837to
341). To prove theritical role of this sequen in the nuclealimport of the
truncated NFR<B2 proteir Hut78 we next generated from one (NLS1 to NL
to four amino acids substitutions (NLS 1234) withire NLS sequencand
subsequently addressed the localization of theltreguHut78 mutants b
immunofluorescenced-{gure 19).
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TYYPLVEDKEEVQRERREKALPTISQPTGGGS

NLS 1: TYYPLVEDKEEVQAKRREALPTTSQPFGGGS
NLS 2: TYYPLVEDKLELVQRARRKALPTISQPIGGGS
NLS 3. TYYPLVEDKEEVQREARKALPTFSQPFGGGS
NLS 4 TYYPLVEDKEEVQREKRAKALPTFSQPFGGGS
NLS &: TYYPLVEDKEEVQRERREAALPTFSQPI'GGGS
NLS 12: TYYPLVEDKELVQAARRKALPTFSQPFGGGS

NLS 123*:  TYYPLVEDKEEVQAAARKALPTFSQPFGGGS
NLS 1234:  TYYPLVEDKEEVQAAAAKALPTFSQPFGGGS
NLS 12345*: TYYPLVEDKEEVQAAAAAALPTFSQPFGGGS

Figure 19 The nuclear localization of Hut78 requires a functnal
NLS located within the RHD domain.(A) Schematic representati
of the truncated N-«xB2 protein Hut78 and mutank&rboring from 1
(“NLS 1” to “NLS 5”) to 4 lysine to alanine subsitions (“NLS
1234”) within the nuclear localization sequence l(SN) which span:
from amino acids 337 to 341 (en letters) The red letters indica
the point mutations introduce *Mutants non generate(B) HelLa
cells were transfected with 2ug of the indicatepregsion vectorand
analyzed by immunofluorescence using an antiseeguagnizing the
N-terminal peptile of NF-kB2/p100 as a primary antibo@yc FITC-
conjugate antmouse IG as secondary antibo

We observed that mutati of the amino acids 337 (Rhc 341 (K) had no
or little effecton the localization of the prote Hut78 as mutants NLS.and
NLS5 wee still nuclear. In ontrast, mutants NLS2 andLS3 were mostly
found in the cytoplasm, suggesting that amino a8i8€ (K) and 339 (R) are
essentialfor the nuclear localization of Hut: Mutation of four amino acids

337 to 340, generates a muteNLS1234, which is fully cytoplasmi
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Recently, Xiaoanc colleagues proposed mechanisr to explain the
constitutive processing of pl00-terminally truncated mutar (plOQACs):
deletion of the Germinal PID andor ankyrin repeats of pl100 leads to
translocation of the plQOC proteins into the nucleuand subsequent
recrutment of the proteasome to form a stable dex
proteasome/plQ0C/DNA at axB promoter,responsible fothe processing ¢
pP1OAACs (Qinget al., 2007. They showed that direct bindind p10\Cs to the
kB promoters DNA wa essential for their constitutive processiln support to
this model, Liao andSur demonstrated thathe constitutive processing
plOC mutants is regulateby their nuclear shuttlinganc abolished by
mutation of their NLYLiao and Sun, 2003). Howevdn our case, mutation «
thisNLS sequence did not prevent Hut78 to be const#lytiprocessed into pt
as we couldnot observe ar difference in the processing of our cytoplas
mutant N.S1234 compared to the w-type Hut78 Figure 2C). Moreover,
mutation of thdysine 7¢, which is involved in the DNAsinding of p100, did
not affect neither the processing of the protein78

FLAG-NLS1234

<
-
N
<
7,
=]
c
="

FLAG-Hut78
FLAG-K75A

WB pl00

Figure 2C. Hut78 as well as its mutants
NLS1234 and K75A are constitutively
processed into p5: HEK293 cells were
transfected with the indicated express
plasmids and an anti-p100 Western blot was
carried out on the cell extrac
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Hut78 interacts with multiple NF-xB/IxB proteins, ccactivators and
corepressors

Based on the nuclear staining of Hut78, we selese¢kral protein
which are all known to be localized in the nucle@usrder to identify Hut7-
interacting proteins.

+» NF-xB/l kB proteins

By immunoprecipitation assay in HUT78 cells, first showed that p5:
as well as the unprocessed Hi, both interact with the NkB member p50,
p65 (RelA) and RelBRigure 21).We also showed an interaction between Hi
and the nuclear ¥B family member BC-3, when we overexpressed b
proteins in HEK29Zells (Figure 22).

Figure 21 Hut78 and p52 bind to
multiple NF-xB proteins. Cell

r 3 2§ extracts from HUT78 cells we

RelB

i g - ——— | Hut78 ] subjected to ar-HA (negative

WBlpl{m -———| 52 [mmunoprecipiates | control), 50, -p65 or -RelB

: immunoprecipitations followed L

S e antip100 western analysitop panel,

—_— lanesl to 4, respectively Cell extracts

WE pS) | SR | 5! Crudc Iysates were alscsubjected to ar-p100, -p50,

WE D65 | ammem | 65 -p65 or RelB analysis as well (botto
WE RolE | SR RolB panels).

Figure 22 Hut78 binds BCL-3.
HEK293 cells were transfectt
with the indicated expressic
plasmids andanti-HA (negative
control) or -BCL-3
immunopreqitations  followed
by antipl00 wstern analysis

Immunoprecipitates )
were carried out on the c
extracts as indicated (top pant
The presence of Hut7and BCL-
Crude lysates

3 in the cells extracts
] illustrated by Western blot usir
1 2 3 the corresponding antibodi
(bottom panels
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s HDAGCs

Regulation of NReB-dependent gene expression requires the functis
coregulatory proteins(coactivators or corepressc. Among these,some
HDACSs, which are generally found in larrepressor complex¢ bind directly
or indirectly with NFxB (p65/p50) to suppresbasal gene express
(Ashburneret al., 2001 Bhatet al., 2008; Zhang andone, 200.). Interestingly,
besides the vorinostat (Zolir®), the romidepsin (also known as depsipept
FR901228, FK228), raothe histone deacetylase inhibitesolated from the
bacteriumChromobacterium violaceum, has alsdeen reported to be effectin
cutaneous Tcell lymphomaand is currently in clinical trialfor this indication
(Sandoret al., 2002; Piekar:et al., 2001).Romidepsin was shown efficiently
reduce both NReB and AP-1 DNA binding activity in HTL\-1 infected cell
lines and in primaryadult T-cell leukemia (ATL) cells (Mri et al. 2004).
Moreover, treatmendof HUT78 cells with romidepsin, as well awith other
structurally distinct histone deacetylase inhitgtoincluding sodium butyrat
TSA (trichostratin A) or M-275, caused increased histone acetyla
induction p21 expressioland marked apoptosis withougmsificant cell cycle
arrest (Piekarzt al., 2004). Taken together,hese findings suggest a role
HDACs in the pathogenesis of-cell lymphomas, particully in Hut78-
mediated cutaneous d&ell lymphomis. This led us to determine by -
Immunoprecipitabns, which HDA(s associate with the Hut78 prot (Figures
23, 24, 25and 26).

Figure 23: Hut78 interacts

cells wee transfected with a

P
- FLAG-HDAC3 vector,
| FLAG-Hut78 _ . simutaneously  with
WE p100 FLAG p52 Hnoprep FLAG-Hut78 (lanes 2, 3) or
- an empty vector (lane 1
p100 Cell extracts were subject
WE p100 FLAG—Hut78

Crad to an an-HA (lane 2) or -

FLAGpS2 e lysates
7 HDAC3 (lanes 1, 3
WB HDAC3 s FLAG-HDAC3 immuncprecipitations,

followed by  western
analysisusing the an-p100
antibody (top panel). Crude cell extracts were aabjected tcanti100 and -HDAC3
western analysis (middle abadttom panels)
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Figure 24: Hut78 interacts with HDAC6. HEK293 cells wer
transfected with FLAG-HDACG6 vector simultaneously with
FLAG-Hut78 (lanes 3, 4) or an empty vector (lanes 1, 2)l
extracts weresubjected to an a-HA (lanes 1, 3) orHDACG6
(lanes 2, 4) immunoprecipitations, followed by veestanalysit
using the antpl00 antibody (top panel). Crude cell extr:
were also subjected tnti-p100 and HDAC6 western analysi
(middle andbottom paels).

[ HDAC1 + HDAC3 ]

2322
LI mé
TP —> WE p100 = | FLAGHut78 Immunoprecipitates
p100
FLAG-Hut78
WE p100
FLAG-pS2
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o, o

123456

Figure 25 Hut78 weakly interacts with HDAC1, as
compared with HDAC3. HEK293 cells were transfected witt
FLAG-HDACL (lanes 1, 2, 4, 5) or FLAG-HDAC@anes 1, 3
4, 6) vector, simultaneously with a FLA-Hut78 (lanes 4, 5, €
or an empty vector (lanes 1, 2, 3). Cell extractsensubjecte
to an antiHA (lanes 1, 4)-HDAC1 (lanes 2, 5) orHDAC3
(lanes 3, 6) immunoprecipitations, followed by veestanalysic
using the antpl00 antibody (top panel). Crudellcextracts
were also subjected to e-p100, HDAC1 andHDAC3 westerr
analysis (bottom panels
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Figure 26. Hut78 doesn’t interact with HDAC4. HEK293
cells were transfected witt FLAG-HDAC4 vector(lanes 2 tc
5) or an empty vector (lane, simultaneously with a FLA-
Hut78 (lanes , 5) or an empty vector (lanes 1 t9. ell
extracts were subjected to an -HA (lanes 2, 4) orHDAC4
(lanes 1, 3, £ immunoprecipitations, followed by weste
analysis using the a-pl100 antibody (top panelCrude cell
extracts were also subjected to -p100 and -HDACA4western
analysis (middleand bottom panels).

These results shothat Hut78 interacts with HDAC&nc HDACG6, while
no or weak interaction could be deted between Hut7&nc HDAC4 or
HDAC1, as compared to HDAC HDAC3 possesses both a nuclear im)
signal anda nuclear export signebutis nearly always localized in the nucl,
in contrast to HDACG6, who: predominant localization is in the cytoplas
However,HDACSG6 is able to shue in andout of the nucleus in response
certain cellular signalanc has been shown to interact with nuclear protekes
HDAC11 (Bertost al., 2001; Gacet al., 2002).

Ashburner andolleagues showed that the region of p65 whichrats
with HDAC1 lies within the Rel fomology domain (Ashburneet al., 2001),
while Viatour andcolleagues demonstrated the ankyrin repeatskBf lare
critical in mediating the interaction with HDAC( (Viatour et al., 2003b). To
identify the Hut78 doma(s) mediating the interaction with HDAC prote, we
next tested the ability dlut78 mutants lackindifferent functional domains t
interact with HDACS3.
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Mutants lacking from one to five ankyrin repeatsl $tind HDACS3,
suggesting that the @rminalankyrin repeats are dispensable for the intera
of Hut78 with HDAC3 Figure 27). This result was not surprising as
observed that p52, which is devoid of ankyrin répealso associates wi
HDAC3. Therefore, the functional domain of Hut7&ueed for interaction
with HDACS is located upstree the ankyrin repeats.

[Ankyrinmutants]
Lael Lae TR oo TR, o TR o SRR o0 TR o |
0 ULV UL Y
- E-EEEE
* I EZEEEEEE

— -
WE 2100 e o ] FLAG-Hu(78 +Ank 1-5 Immuneprecipitates
P e BB S e o TR R | FLAGPS2
= = p100

WE p100 s e e S | | 11\ 1iu(78 +Ank 15

S e v | FLAG-P52
2 3 4 5 6 7 8 9 10

1234 567 8 9 10

Crude lysates

WEHDAC 3 FLAG-HDAC3

Figure 27: The C-terminal ankyrin repeats of Hut78 are dispensable dr
binding to HDAC3. HEK293 cells were transfected with a FL-HDAC3
vector (lanes 2 to 10) or an empty vec(lane 1), simultaneously with
FLAG-Hut78 (lanesd, £), FLAG-Ankyrin 15 (lanes 6 to 10, respectively)
an empty vector (lanes 1 to 3). Cell extracts warbjected to an arHA
(lanes 2, 4) orHDACS3 (lanes 3, 5 to J0immunoprecipitations, followedy
western analysis using the «p100 antibody (top panel). Crude cell extre
were also subjected to e-p100 and -HDAC3western analysis (middland
bottom panels).

We thus determined by -immunoprecipitation if mutants lackir
variable portion®f the Mterminal Rel homology domain were still able tod
HDAC3 (Figure 28). Surprisingly, partial deletion of the RHD strdy
enhanced the interaction with HDAC3. This strongmeraction with HDAC:
was also observed when we mutated the conservett lyssidue (K75), whic
is critical for DNA binding (Michalopouloand Hay,1999) Figure 29). As
expected, the p52 issued from the processing sfkiibA mutant also exhibr
enhanced binding affinity for HDAC3. Taken togethttese results demonstr:
that interaction between HutandHDAC3 is negatively regulated by its DI-
binding domain.



Restits | 73

[ RHD mutants

far ) ™y ey oy )

[} 90 00

S«<as8 a3

r ZEIZEEER N
FLAG-Hut78
FLAG-RHD1 Immunoprecipitates
FLAG-RHD2
FLAG-Hut78
FLAG RHD1
FLAG-RHD2
Crude lysates
FLAG-RHD3
WEHDAC 3 | | IpACS

Figure 28 Hut78 mutants lacking variable portions of the RHD more
strongly interact with HDAC3. HEK293 cells were transfected with
HDAC3 vector, simultaneously with a FLAHUT78 (lanes 3, 4), FLA-
RHD1-3 (lanes5 to 7, respectively)or an empty vector (lanes, 2). Cell
extracts were subjected to an -HA (lanes 1, 3) orHDAC3 (lane<2, 4 to 7)
immunoprecipitations, followed by western analysising the an-FLAG
antibody (top panel). Crude cell extracts were sldgected to ar-FLAG and
-HDAC3 western analysi(bottom panels).
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Figure 29 Hut78 mutant K75A more strongly interacts with HDAC3.
HEK293 cells were transfected with a FL-HDAC3 vector,simultaneousl|)
with a FLAG-Hut8 (lanes 3, 4), FLA-Hut78-K75A (lanes 5, J6or an empt)
vector (lanes 1,)2 Cell extracts were subjected to an -HA (lanesl, 3, 5) or
-HDAC3 (lanes2, 4, € immunoprecipitations, followed by western anad
using the antpl00 antibody (top panel). Crude cell extracts watso
subjected to anfp100and HDAC3 western analysis (bottom pane
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Determination of the oncogenic potential of Hut78

Ciana and colleagues (Ciamiaal., 1997) demonstrated the tumorigenic
activity in vivo of Lyt-10Ca, another p100 C-terminally truncated mutant. They
showed that constitutive expression of this proteinmmortalized Balb/3T3
mouse fibroblasts did not affect the cells growthrves, but allows colony
formation in soft agar and tumor development in umirdeficient mice, three
weeks after injection. They were however unabl®litain clones expressing
Hut78. To verify whether Hut78 was also capablaérafsforming mammalian
cellsin vitro and being tumorigenim vivo, we cloned this protein in the pBabe
retroviral vector and then infected immortalizedHST3 mouse fibroblasts. The
clones expressing Hut78 were selected with puroneydin the same manner,
we also overexpressed in NIH3T3 cells the differéhit78 mutants we
generated in order to evaluate the effects of devenutations/deletions on the
oncogenic potential of Hut78 and further link thearfunctional properties, like
subcellular localization, DNA binding, interactionith HDACs or absence of
processing.

+» Growth curves

We first evaluated the proliferation of the NIH3T8lls expressing p52,
Hut78 or some of its mutant forms (NLS1234, anky#s). The morphology
and growth pattern of these cells were similar eétiscinfected by the control
vector pBabeKigure 30).

Figure 30 NIH3T3 cells over-expressing p52, Hut78 or its miants NLS1234 and

- ~ ankyrin 1-5 don’t
Growth curves exhibit enhanced

proliferative

1400000 .
1200000 ¢~ pbabe phenotype n

- 052 comparison to
5 1000000 e huors control cells. Growth
& 800000 curves were
g 600000 NLS1234 1 established for

3 400000 ankyrin1 | NJH3T3 cells
200000 ankyrin2 | infected with the
0 - —=—ankyrin3 | indicated retroviral
ankyrin4 | construct by counting
Time (Days) ankyrin 5 the number of cells
\ ) every 2 days for 12

days.
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+» Foci formation assays

We next assessed the oncogenicity of p52, HutT8 onutantsn vitro by
foci formation assays, but we could not observe @t formation in the
NIH3T3 cells expressing p52, Hut78 or its mutantrfs, as compared to cells
infected with an empty vector.

«» Tumor development in immunodeficient mice

To test the ability of Hut78 to form tumons vivo, we injected the same
NIH3T3 infected cells subcutaneously into nude n@nd monitored the tumor
development for 12 weeks. While mice injected wille positive control
RasV12-expressing cells developed tumors withireva flays, no tumor was
detected in the mice injected with negative contmls or cells expressing p52,
Hut78 or its different mutants during the periocegperimentation.

Therefore, none of these experiments allowed usle@monstrate the
oncogenic potential of Hut78 or its mutamsvitro orin vivo. This suggests that
additional genetic or epigenetic alterations may rbguired for malignant
transformation of Hut78 expressing cells. This idesupported by the presence
of other oncogenic rearrangements in the HUT78 loedl and the prolonged
latency observed for the development of lymphomaklut78 transgenic mice
(Thakuret al., 1994; Zhangt al., 2007).

Micro-arrays

We nevertheless decided to further explore thetfonal characteristics
of Hut78 by identifying the genes specifically ired by this truncated NikB2
mutant. We thus performed micro-array analysis dH3VY3 cells expressing
p52 or Hut78, versus NIH3T3 cells infected by thapgy vector pBabe.
Surprisingly, only a few genes were upregulated pH2 or Hut78
overexpression in NIH3T3 and among thoseyp9 was found to be the most
strongly induced by both p52 and Hut7Bigure 31). Interestingly, many
human lymphoid tumor cells constitutively producgngicant amount of
MMP9 and elevated levels of MMP9 are associateth witvanced stage and
poor patient survival (Kossakowskhal., 1999; Vaccat al., 2000; Moriet al.,
2002; Kamigutiet al., 2004; Sakatat al., 2004; Hazaet al., 2004). In patients
with mycosis fungoides (MF) in particular, incredsexpression of MMP9
MRNA by tumor cells was reported to correlate vdibease progression, from
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patch (clustered lymphoid tumor-cells within epidermis and superfic
dermis) to nodular stage (clustered and scatte-cells within epidermis an
dermis in depth) (Vaccet al., 2000). Therefore, these findings suggest
upregulation of MMP9 by Hut78 could account for tHessserrnation and
deepening of MF cells in dermis and contributeutodr invasion

4 N\
mmp9
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© 30
&
n 20
K ﬂ.t
0
infection 1 infection 2 infection 3
M pBabe 0,8 6,1 6,6
M p52 46,6 40,8 17,7
kd Hut78 25 39,4 17,1
\§ 4
Signal Log-ratio
p52 vs pBabe 54 2,8 1,1
Hut78 vs pBabe 4,1 3 0,9

Figure 31 Induction of mmp9 gene expression op52 or Hut78
overexpression in NIH3T3 cells.Total RNAs extracted fror
NIH3T3 cells infected with pBabe or with a p52 orutH#8
expressing retrovirus were subjected to n-array analysis. Th
figure shows micr-array signal intensities from three dist
infections. The table below indicates the Signad-ratios, which
measure the magnitude and direction of change leetweanscrip
levels of the experimental (p52 or Hut78) and aantarray
(pBabe). Base 2 is used as the log scale, theref@gnal log-
Ratio of 1 represents a t-fold increase in abundance of
MRNA.

Moreover, this micr-array analysis also revealed that the gene codin
the tissue inhibdr of matrix metalloproteinas 4 (TIMP-4) was dow-regulated
on p52 or Hut78 overexpresn (Figure 32). Therefore, in addition to inducir
mmp9 gene expression, Hut78 negatively regulates onetsofendogenou
inhibitor, TIMP4. The resulting imbalance between MMPs and TIM®
thought to be a major determinant of the proteolytiotential of tumors
(Folgueraset al., 2004). Several studies showed that overproduaioTIMPs
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inhibits experimental metastasis (DeCleandimren 1994), while low levels «
TIMPS correlate with tumorigenesis (Khoket al., 1989; Cru-Munozet al.,

2006). TIMP4 was shown to reduce tumorigenic and metastatienpials of
human breast cancer cells, presumably, in part, tdués ant-angiogenic
activity (Wanget al., 1997). However, TIMPs have also been assocwmitd
tumor progression, indicing that their role in cancer is also dual and cex
(Baker et al., 2002; Jianget al., 2002). High levels of TIM-4 have been
observed in endometrial and cervical carcinomasnguntlaet al., 2003;
Lizarragaet al., 2005) and in colorectal cancer, lin this latter case, it we
related to longer survival of patients (Hilset al., 2007).

(" ] )
Timp4
100
80
© 60
&
» 40
20
0
infection 1 infection 2 infection 3
M pBabe 62,7 90,4 56,2
M p52 30,5 17,5
d Hut78 20,6 19,3 17,1
- J
Signal Log ratio
p52 vs pBabe -1,6 -1
Hut78 vs pBabe -1,7 -2,2 -1,4

Figure 32 Timp-4 gene expression is decreased qub2 or
Hut78 overexpression in NIH3T3 cells.Total RNAs extracte:
from NIH3T3 cells infected with pBabe or with a pb2 Hut78
expressing retrovirus were subjected to n-array analysis. Th
figure shows micr-array signal intensities from three dist
infections. The table below indicates the Signag-ratios, which
measure the magnitude and direction of change leetweanscrip
levels of the experimental (p52 or Hut78) and aantarray
(pBabe). Base 2 is used as the log scale, theref@gnal log-
Ratio of 4 represents a tv-fold reduction in transcript expressi

The fact that we didn'find any gene involved in cellular growth
inhibition of apoptosis upregulated in NIH3T3 cellserexpressing p52
Hut78, may explain why we couldn’t observe any gafiproliferation of thes
cells in our experimental mode
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Induction of mmp9 gene epression byp52 and Hut78 in NIH3T3 cells

We next confirmed through R«time PCR analysis the induction
mmp9 gene expression in NIH3T3 cells overexpressing @Sut78 Figure
33). As control, we compared it to theBlo MRNA levels which were incased
by TNFo stimulation but noon p52 overexpressiofigure 34).

( 14 h

g 12 |

[=

£ 10

5 8 =

o)

o 6 M IkBa WB pl100

2 4 ® MMP9

[}

()

x 2 - I -

0 - WE [} actin
pBabe p52 Hut78 1 2 3

\_ J

Figure 33 Induction of mmp9 but not IkBa gene expressionon p52 or Hut78
overexpression in NIH3T3 cells.Total RNAs from NIH3T3 cells infected with emg
retroviral vector pBabe, thes2 or Hut78 expressing retrovirus were subjeateguiantitative
RealTime PCR analysis to assesd8Bd and MMP9 mRNA levels using the appropri
primers. The abundance of thaBbh or MMP9 mRNA levels in NIH3T3 cells infected wi
the empty pBabe was st 1 and levels of both transcripts in p52 or Hub¥@rexpressin
NIH3T3 cells were relative to that after normaliaatwith GAPDH. The figure shows tt
data from six independent experiments performednandistinct infections (mean values
S.D.). Onthe right panel, total cell extracts from those RT3 cells infected with the emp
retroviral vector pBabe or with a retroviral constr expressing p52 or Hut78 were subjec
to anti p100 an@-actin Western blot analys

4 -\ Eigure 34 Induction of IkBa gene
expression onTNFa stimulation,
l but not on p52 overexpression ir
ll | NIH3T3 cells. NIH3T3 cells
infected with pBabe or with the p!
expressing retrovirus were ¢
= untreated or stimulated with TNF
pBabe pBabe pBabe  p52 for the indicated periods of time a
TNF1h TNF2h the abundance cthe kBa mRNA
\ -~ levels was assessed by F-Time
PCR analysis.kdBa mRNA levels in untreated NIH3T3 cells infected wgiBabe were set "
1 and levels of this transcript in the other expental conditions were relative to that a
normalization with GAPBI. The figure shows the data from 2 independenteerpents
performed in duplicates (mean values + S

N
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We also examined MMP9 activity released from th&BEI3T3 cells
using gelatin zymography assayFigure 35). We observed that MMP9 w.
secreted into seruifinee medium by NIH3T3 cells overexpressing p52 at78,
but not or faintly by control cells. These resudtgggest that p52 and Hut
overexpressing NIH3T3 not only have a higher lexfemmp9 gene expression
but that they also release biologiceactive MMP9 protein into mediul

Figure 35 Hut78 or p52 overexpression ir
MMP9 | NIH3T3 cells enhances their gelatinas
activity. Gelatinase activity in 48h condition
medium from NIH3T3 cells infected wi
empty pBabe 1), pBabe p52 2) or pBabe

Hut78 @) (upper panel)An ant-p100 Western
WB p100 | S Hut78 blot was performed using cell extracts fr
! e 32 these NIH3T3 cells (bottom pan
1 2 3

Induction of mmp9 gene expressioron Hut78 overexpression in lymphome
cells

We next wanted to determine whether Hut78 -expression also
triggered mmp9 gene induction in lymphon-derived cells. We therefo
compared the MMP9 mRNA levels in the mouse thymiimghoma cell line
164T2 stably transfected with Hut78 pcDN-FLAG or with an empty vecto
As indicated by the \astern blots, p52 and Hut78 were well expressettie
Hut784ransfected cells, while RelB and p50 levels remaisimilar to the one
detected in control cells. There again,-PCR analysis showed an induction
mmp9, but notlxBa gene expression in ttHut78-overexpressing 164T2 ce
(Figure 36).
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Figure 36: Hut78 overexpression in lymphoma cells triggermmp9, but not | kBa gene
expression.Total RNAs from 164T2 cells stably transfected wath empty vector or wit
a FLAG+tagged Hut78 expressiplasmid were subjected to Rédme PCR analysis t
assess MMP9 andBa mRNA levels. The abundance of th@& or MMP9 mRNA levels
in 164T2 cells transfected with the empty vectoswat to 1 and levels of both transcr
in Hut78-overexpressing 164T2ells were relative to that after normalization w
GAPDH. The figure shows the data from two indepatndexperiments performed
duplicates (mean values + S.D.). On the right paradl extracts from those 164T2 ce
stably transfected with an emptyctor (1) or with a FLAGtagged Hut78 expressic
plasmid @) were subjected to Western blot analysis usingaihk-p100, -RelB, p50 or
B-actin antibodies, as indicate

In order to determine if overexpression of Hut78 #ms MMP9 confer
a more agressive phenotype to 164T2 cells, we injectechendaudal vein ¢
nude mice, 164T2 cells stably transfected with raptg vector or with a Hut7
expression plasmid and compared the developmeninabrs and metastas:
As a positive control, we inject 164T2 S19 cells, highly metastatic cloi
derived from the 164T2 cell which produce congtily high levels of MMP9
While mice injected with 164T2 S19 cells developedors within a fev
weeks, no tumor formation was observed in micecteg with 16:T2 cells,
expressing Hut78 or not, during the time of expentation (3 months
Moreover, we kept some 164 cells overexpressing Hut78 in culture, w
G418 selection, and regularly checked the expressfoHut78. After sever:
weeks, we observed a sre decrease in thdut78 protein level. Therefore, tl
expression of Hut78 in 164T2 injected in mice gisobably disappeared afte
time and, due to the late onset of tumor formatwa were not able to mainte
a stable Hut78 expression level for period necessary to observe tus and
metastases developmel
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Decreased MMP9 levelon p52 depletion in HUT78 cells

The next logical complementary approach to dematesthaimmp9 was
a p52/Hut78dependent target gene was to deplete p52 in the78LEll line
and to observe the effect on the expression of MMA@® this purpose, we us
a shRNA lentiviral construct that specifically tatg p100/p52. MMP9 mRN,
levels were decreased in those -depleted HUT78 cells as compared to ¢
infected with a ontrol shRNA lentiviral construcFigure 37).

( 1,2 h & &
) ) & A "
S sk & & & §
©
©
g 0'8 W B - e
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shRNA ctrl ShRNA p52 a3 4
- J '

Figure 37: Decreased MMP9 mRNA levelson p52 depletion in HUT78 cells On
the right panel, HUT78 cells were infected witheatlviral ShRNA control (lanes 1, :
or targeting p52 (lanes 2, 4) and cell extractsftbese infected cells were subjecte:
anti-lkBa, -p100 and B-actin Western blot analysis. On the left p¢ MMP9 mRNA
levels using total RNA from HUT78 cells infectedtlwthe control or with the shRN
p52 lentiviral constructsvere quantified by Re-Time PCR analysis. MMP9 mRN
level in HUT78 cells infected with the control shRNvas set to 1 and levels ofis
transcript in the other experimental condition wegkative to that after normalizatic
with 18S. The figure shows the data from five inelegient experiments performed
duplicates (mean values £ S.I

Interestingly, we also observed thaBé accumulates at the protein le
in p52depleted HUT78 cells, which indicates that p52 nhey required t
repressitBa expression in these celFigure 37).

Zymography analysis indicated thaUT78 cells constitutively secret:
MMP9 into the supernataiand that this secretion was impaired in p52/H-
depleted cells Higure 3€). This deficiency was specific to MMP9 as -
secretion of MMP2 was not significantly altered py2/Hut78 depletion. |
agreement with our results in NIH3T3 cells, we camclud« that mmp9 is a
p52/Hut78dependent target gene as both MMP9 enzymatic gcanmd mRNA
expression correlated with the p52/Hut78 proteuels
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Figure 38 Impaired gelatinase activity
in p52-depleted HUT78 cells
Conditioned media from HUT78 cel
infected with the control shRNA or wit
the shRNA p52 were subjected

zymography analysis. The up band
corresponds to MMP9 and the lower
MMP2. This experiment was perform
on three independent infectic (1, 2, 3).
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shRNA ctr]
shRNA ps2
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Invasion assay

To evaluate the ro of MMP9 induction by p52/Hut78 on the invas|
phenotype of HUT78 cells, we measured the migraafodUT78 cells deplete
or not with p52/Hut78, across a basement membraag&ixmpreparatiot
(Matrigel). We observed that p52/Hut78 depletionHidT78 cell: reduced their
migration ability in Matrige-coated transwells, suggesting that the p52/-

induced MMP9 expression is required for the invagotential of HUT78 cell
(Figure 39).

e N
Invasion assay Figure 39 Impaired invasive potential
in p52-depleted HUT78 cells. HUT78

cells infected with the indicated shRN
30000 l constructs were subjected to Matri

40000

invasion assay and the number
migrating cells was plotted. The figu
shows the representative results (m
0 ; .| values £ S.D.) from two independe

shRNA control shRNA p52 infections.
I\ J

20000

10000 I

Number of migrating cells

Thisin vitro migration assay was shown to reflect the invasieabior
of tumor cellsn vivo (Shaw, from Ju-Lin Guan, Methods in Molecular Biolog
Cell Migration Developmental Methods and Protodais 294, p97). In order t
investigate this latter, we wanteo confirm these resuli® vivo by comparing
the tumor formation in mice injectewith HUT78 cells depleted or r with p52.
However, development of tumor in HUT78 injecmiceis a very slow prcess
and we failed to maintain stable p52 depletion durirgl the time needed ft
this experimentation.
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Induction of mmp9 gene expression by pt-producing NF-kB2 truncated
mutants

We also found interesting to explore the abilityotdier NF-kB2 truncated
proteins to inducenmp9 gene expression. The pl100HB mutant, detecte
several human tumor cell lines (Derudet al., 2003), originates from a poi
mutation generating a premature -codon and retains the entire ank-
repeatsdomain, but lacks the major part of the prsing inhibitory domair
(PID) (Figure 40). In the case of the LB40 p1@Q mutant, which was clone
from a case of BGLL (Migliazza et al., 1994), the NReB2 reading frame we
found to be interrupted by a stop codon within $ingh ankyrin repeat. Lik
Hut78, these mutants are both located in the nucleus, while LB40
constitutively generates p52, p100HB is mainly wepssed

RHD NLS GRR ARD PID-D
plo0 598

466
s I @ 000054 «
mnr
Fis

prooms || 1 O000000 |

Figure 40 Schematic representation of pl00 and different -terminally NF-kB2
truncated mutants: Hut78, LB40 and p100HB RHD: Rel homology domairNLS: nuclear
localization signal, GRR: glycine-rich region, ARD: ankyrintepeas domain, PID:
processing inhibitory domaiDD: death domainThe number of amino acids of each prof
is indicated on the right. The number of amindds derived from the normal I-xB2
sequence is also shown for each pro

We cloned the genes encoding these two proteinghetretroviral vectc
pBabe and infected NIH3T3 cells with these conssrudVe observed th
MMP9 was also strortg inducedin NIH3T3 cells oveexpressing the p!'-
producing LB40 protein, while p100HB, which barggnerates p52, did n
induce MMP9 in those cellFigure 41).
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Figure 41 Overexpression of both Hut78 and LB40, but not pQOHB triggers mmp9
gene expressionTotal RNAs from NIHT3T3 cells infected with the icdted retrovirus wer
subjected to Redlime PCR analysis to assessB4 and MMP9 mRNA levels. Th
abundance ofcBa or MMP9 mRNA levels in NIH3T3 cells infected withe empty pBab
wasset to 1 and levels of both transcripts in othgregnental conditions were relative
that after normalization with GAPDH. The figure sf®othe data from three independ
experiments performed in duplicates (mean values.3.). On the right panelotal cell
extracts from those NIH3T3 cells infected with thdicated retrovirus were subjected to ¢
p100 andg3-actin Western blot analys

Therefore, these results strongly suggestmmp9 gene induction by th
truncated NFReB2 proteins requires their constitutive processmg p52. Tc
further investigate this issue, we decided to gateen processil-deficiency
Hut78-4mutant and to test its ability to indummp9 gene expressic

Role ofthe GRR in p52/Hut7&induced mmp9 gene expressio

Xiao and colleagues identified the amino acid D4df5pl100 as
proteasomal cleavage site required for the comis&processing of LB40 ar
other p10@AC mutantg(Qing et al., 2007). Howeversubstitution of this singl
amino acid with alanine in the Hut78 sequence vadssufficient to prevent it
constitutive processing. Thereforn orcer to determine the contribution of t
constitutive enhanced production of p52 in Hrinduced mmp9 gene
expression, we generated a mutanich was no more processed in p52
deleting the glycineich region (GRR) (Heuscet al., 1999) Figure 42). We
observed thatmmp9 was weally induced in NIH3T3 cells ovexpressing the
processingdeficient mutant Hut/AGRR, as compared to cells expressing
or Hut78 Figure 43). Nevertheless, deletion of the glyc-rich region in p5:
also dramatically decreased its ability to indmmp9 gene expressiol
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Figure 42 Schematic representation of p52, Hut78 and theirAGRR
mutants. RHD: Rel homology domainNLS: nuclear localization signe
GRR: glycinerich region, ARD: ankyrin-repeats domain.
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Figure 43 mmp9 gene induction in
NIH3T3 requires a functional GRR
domain. Top panel: total cell extracts fro
NIH3T3 cells infected with the indicate
retrovirus were subjected to anti p100 §-
actin Western blot analysis. Bottom par
total RNAs from NIHT3T3 cells nfected
with the indicated retrovirus were subjec
to RT PCR analysis to assess&Bb and
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~ MMP9 mRNA levels. The
abundance of thec<Ba. or MMP9
MRNA levels in NIH3T3 cell:
infected with the empty pBalt
was set to 1 and levels of bc
1 IkBa transcripts in other ¢erimental
E MMP9 conditions were relative to th
after normalization witl
GAPDH. The figure shows tr
data from three independe
experiments performed

~/duplicates (mean values £ S.I

Therefore, we cannot conclude from this experimbat Hut7-induced
mmp9 transcriptional activation occurs through p52 ovedpction as the GR
domain seems to be required mmp9 gene induction. However, the p100l
mutant, which is nuclear like Hut78, but barely ggsses into p52, stharbors
the GRR domain, but fa to induce mmp9 expression in NIH3T3 cell:
Therefore, our data collectively suggest that MMREhscriptional inductiol
requires a functional GRR domain and support thdehm which the processt
p52 contributes to the oncogenicof pLOAMCs by inducing a subset of tur-

associated genes.
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Role of the alternative pathway inmmp9 gene expression regulatic

If mmp9 has been demonstrated to be a target gene ofabsicdl NI-xB-
activating pathway (Bonet al., 1998; Bonctt al., 2001),the contribution of th
alternative pathway in its regulation has not beeally investigated so fa
However, in a recent study, increased levels of MMiRre observed in tt
mammary glands of transgenic mice where p100/p52 wy-regulated during
pregrancy and lactation (Connelet al., 2007). These results are consistent
our findings, showing an induction of MMP9 in moudgroblasts
overexpressing p52, and together, they suggede daothe alternative pathwze
in the regulation of expressicof MMP9.

To address this issue, we decided to compare thection of MMP9 in
MEF cells in which the classical I-kB activating pathway was abolished
not. We stimulated these cells with either TR pre-inflammatory cytokine
that does not directlgctivate the alternative pathway, or either wita tiBR
agonistic antibody, which is known to trigger bathe classical and tf
alternative pathways (Dejardet al., 2002):

MEFwt MEF NEMO*

TNFo (hours) 051 3 TNFa (hours) 051 3
LTP (hours) 0 053 6 LTB (hours) 0 053 6

pl100

WB p100 [EEEEEE WB p100

K -
\\'B.\‘Iif\l() - - NEMO WB NEMO

1 2345067

12 34567

Figure 44: Unaltered LT g mediated p100 processing into p52 in NEMO defici¢rMEF
cells. MEFs wild type and NEMO deficient were left unteedt(lanes 1) or stimulated wi
the indicated periods of time wianLTpR agonistic antibody or with TNFand cell extract
from those cells were subjected to -p100, -NEMO and3-actin Western blot analysis,
indicated.

¢ As expected, TNé& had no effect on pl00 processing neither in wyde
MEFs, neither in NEMO dicient MEFs Figure 44, lanes 5 to 7 compared
lane 1 for MEF wt and lanes 2 to 4 compared to thrier MEF NEMC"). In



Results | 87

contrast, the LR agonistic antibody induced p100 processing i ip both
wild type MEFs and NEMO deficient MEFs, as seerthe increasing amouil
of p52 onLTp stimulation Figure 44, lanes 2 to 4 compared with lane 1
MEF wt and lanes 5 to 7 compared with lane 1 fofMEEMC™).
¢ [xkBa and MMP9 mRNA levels were increason TNFa stimulation in wild
type MEFs, but naoin NEMO ceficient MEFs, confirminghat the classical M
kB-activating pathway is no more functional in thos#sc(Figure 4E£).
¢ Both kBa and MMP9 were also induced in wild type MEon LTp
stimulation, but, in contrast to TNFstimulation, these inductions wenot
impaired in NEMOsdeficient MEFs Figure 45).

These results suggest that the alternative patlwaaycontribute alone
the regulation oimmp9 gene expression in MEF cel

Ve ~ Figure 4% LT B, but not
TNFa TNFa mediates
transcriptional
55 induction of MMP9 and
o l IxBa in  NEMO
15 , deficient cells. Total
10 l I RNAs from  TNFe-
HikBa (upper panel) or LB-
0 e I EE & MMMP3 | (lower panel) stimulate
TNFo| O |TNFo|TNFo|TNFo wild type or NEMO
3h 0,5h | 1h | 3h deficient cells wer
subjected to quantitati\
MEF wt MEF NEMO-/- RT-PCR analysis t
assessdkBa and MMP9
- ~ MRNA  levels.  The
LTB abundance of thecBa or
MMP9 mRNA levels ir
unstimulated cells was s
to 1 and levels of bot
transcripts in TNE- or
LTB-stimulated cells
were relative to that afte
MMMPS | normalization witr
GAPDH. The figure
shows the data fm three
independent experimer
(mean values = S.D.

30

Relative abundance

0 TNFoa

1h

TNFoa
0,5h

M IkBa

Relative abundance
O L N W b U1 O
|_

—

0 | LTR | LTB | LTB
0,5h | 3h | 6h

MEF wt MEF NEMO-/-




88 | Results

Hut78 and p52mediated MMP9 transcriptional induction involves the
recruitment of a H3K4 HMT complex

As seen in the introduction, trimethylation of lysi4 on histone H3 in tt
promoter region of gnes has been linked to transcriptional activatie. thus
decided to investigate the methylation status efifB site of themmp9 and
IkBa. promoters [Figure 47) on p52 or Hut78 overexpression in NIH3T3 ce
ChlP assays performed with an antibody specificalygeting H3K4me.
indicated a robust H3K4 trimethylation on tmmp9, but not on thelxBa
promoter in NIH3T3 cells overexpressing p52 or Hutads compared th
control cells Figure 46). Moreover, this methylation level correlates witte
ability of proteins to inducemmp9 gene expression as a much weaker H
trimethylation was observed with a mutant (HUMBRR) that failed to induc
mmp9 gene expression.

4 )
ChIP H3K4me3
7
g 6
c
85
5 4
2 3 4 IkBa
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'% 2 | H mmp9
: T
0 .
pBabe p52 Hut78 Hut78 AGRR
- _/

Figure 46 H3K4 trimethylation on the mmp9 gene promoteron p52 or
Hut78 overexpression in NIH3T3 cells.ChIP assays using an &
H3K4me3 antibody were performed on DNA extractsmrdlIH3T3 cells
infected with the empty pBabe or the retrovirusregping p52, Hut78 «
the Hut7& GRR mutant. Primers were derived from the promagron of
mmp9 and IxBa genesand were designed to amplify a fragment
includeskB sites.The recruitment of the H3K4me3 activity in the NIF&
cells infected with the empty pBabe construct wetsts 1 and its levels i
the other conditions were relative to that aftemmalizaticn with H3. The
Figure shows the data from three independent exjpats performed i
duplicates (mean valu+ S.D).
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Figure 47. Schematic representation of the promoter sequenseof both
mmp9 and | kBa murine genes.The NF«B, AP1/2, Spl binding sitesnd the
TATA box are illustrated. The arrows indicate thiamers used in ChIP assa’

Conversely, the H3K4me3 activity was impairon p52 depletion ir

HUT78 cells as shown cfigure 48.
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Figure 48 Impaired recruitment of the

H3K4me3 activity in p52-depleted HUT78
cells. ChlP assays on HL78 cells infected
with the indicated shRNA constructs we
carried out using an antd3K4me3 antibody
The signal obtained from a noncoding reg
(downstream of the albumin ge
(Kouskouti and Talianidis, 20C) was used
to compensate for possible fluctuatic
arnising during handling. The H3tme3 ChIP
values in HUT8 cells infected with th
control shRNA construct was set to 1 anc

value in the HUT78 cells infected with the ShRNA2p&as relative to that after normalizati
with the total H3 signal (as detected using theesponding ar-H3 antibody). The figle
shows the data obtained from five independent éxgeits performed on two distin

infections (means $.D.).

These results suggest that

p52 indummp9 gene expression [

specifically tethering a histone H3K4 methyltramafee complex. To mol

precsely define the relevance of this model,

we nextestigated by -

Immunoprecipitation experiments, whether p52 contdract with the commo
subunits of these H3K4 HMT complexes, ASH2L, WDR#d e&RbBFI5. We
found that p52 doesn’'t bind WDR5 nor RK5, butassociates with ASH2I

although not as strongly as with B-3,

used as a positive contrFigure 49).
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Figure 49 Association of p52 with ASH2L but not with RbBP5and WDR5. HEK293
cells were transfected with the indicated expressiplasmids and anti-FLAG
immunoprecipitates followed by anti-p100 Westerot lainalysis were carried out on the cell
extracts (top panels). Anti-p100 and -FLAG Westelots were performed on the crude cell
extracts as well (bottom panels). (Performed withAdssems).

Moreover, we showed by immunofluorescence experismthat p52 and
Hut78 colocalized with ASH2L in the nucleus, whilee cytoplasmic mutant
NLS1234 did notKigure 50).

Hui-78 NLS12,3.4

Figure 50 Hut78 but not Hut78 NLS1234 colocalizes with ASHR in
the nucleus.HelLa cells were transfected with the indicated egpion
plasmids and anti-p100 or -HA immunofluorescencesevearried out to
detect Hut78, Hut78 NLS1234 or ASH2L, respectivéBerformed with
M. Aussems)
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To further identify the H3K4 HMT complerecruited by p52 on tr
mmp9 promoter, we inveigated by ChIP assays, the recruitment of s
catalytic H3K4 HMT subunits on theB-sites of this ppmoter. We observe
that both MLL1 and MLL2 proteins were tethered on mmp9 promoter in p52
overexpressing NIH3T3 cells, while we did not firelidence for their
recruitment on thé&xBa promoter Figure 51).
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Figure 51 Enhanced MLL1 and MLL2 recruitments to the
mmp9 but not IkBa promoter on p52 overexpression ir
NIH3T3 cells. ChIP assays using an anti-MLL1 oMLL2
antibody were performed on DNA extracts from NIH3ddls
infected with the empty pBabe, or the retrovirupressing p5z
The recruitment of MLL1 or MLL2 in the NIH3T3 cel
infected with the empty pBabe construcas set to 1 and i
levels in the other conditions were relative to ttledter
normalization with H3. The Figure shows the datarfrthree
(MLL1) or two (MLL2) independent experiments perfoed in
duplicates (mean valu+ S.D).

Therefore, p52 seems to recruit, in a ¢-specific manner, two histor
H3K4 methyltransferases, namely ML and MLL2, which were shown f
display a high degree of similarity and interactthwthe same cofacto
(Ruthenburget al., 2007)



