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Interaction of the LMX1B and PAX2 gene products
suggests possible molecular basis of differential
phenotypes in Nail-Patella syndrome
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The LMX1B gene, encoding a protein involved in limb, kidney and eye development, is mutated in patients
affected by Nail-Patella syndrome. Inter- and intrafamilial variability is common in this disorder for
skeletal abnormalities, presence and severity of nephropathy and ocular anomalies. Phenotypic variability
might depend on interactions of the LMX1B causative gene with other genes during development of both
kidney and eye, which might act as modifier genes. Results are presented on the interaction between
LMX1B and PAX2 proteins, obtained by both direct yeast two-hybrid assay and coimmunoprecipitation.
Such interaction provides support to further studies on pathways underlying important developmental

processes.
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Introduction

The Nail-Patella syndrome (NPS) (MIM 161200), or osteo-
onycodysplasia, is an autosomal dominant disorder in
which typical symptoms such as nail dysplasia, absent or
hypoplastic patellae, iliac horns, can be associated to
nephropathy (48% of cases), and, less frequently, open
angle glaucoma (OAG); recently, in a large clinical study,
peripheral neurological symptoms have been reported in
25% of patients.’? The LMX1B gene is responsible for the
NPS and for NPS associated with OAG, and it encodes
a LIM-homeodomain protein.! A wide inter- and intrafa-
milial variability has been described for skeletal abnorm-
alities, presence and severity of nephropathy and ocular
anomalies. No significant genotype—phenotype correla-
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tion has been reported.! The LMX1B gene plays a pivotal
role in embryo development in particular for limb devel-
opment, kidney morphogenesis and development of the
anterior segment of the eye.>~> Phenotype variability
might well be ascribed to interactions with other develop-
mental genes, especially considering the properties of the
LMX1B gene, whose LIM domain favors protein—protein
interaction. Therefore, to approach this item, we have used
the yeast two-hybrid system in order to test candidate gene
products for their ability to interact with LMX1B. Previous
work in our laboratory, carried out by the use of yeast two-
hybrid screening, led to detection of the CLIM2 gene as
a LMX1B interactor.®

Here, we report results on a yeast two-hybrid assay based
on candidate genes interaction. Genes were considered
candidate basing on the knowledge of some steps of kidney
and eye embryonal development, of expression pattern
and of organ and tissue abnormalities in NPS. One of the
candidates we chose for a direct interaction test with
LMX1B was PAX2, for the following reasons: Pax2 has
a remarkable district- and stage-specific expression pattern
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during kidney development;” it plays an important role in
eye development;® in humans, PAX2 is mutated in patients
with renal-coloboma syndrome, a rare autosomal domi-
nant disorder, with ocular and renal malformations® and in
patients with oligomeganephronia, ' a rare congenital and
usually sporadic anomaly, characterized by bilateral renal
hypoplasia, with a reduced number of enlarged nephrons;
PAX2 expression is deregulated in patients with human
kidney malformations and nephropathies in which the
gene, normally not expressed, becomes expressed;'!!?
additional sites of expression were observed in the central
nervous system in which murine Lmx1b is required for the
differentiation and migration of neurons within the dorsal
spinal cord.®

Here, we present results proving the interaction between
LMX1B and PAX2, obtained by both direct yeast two-
hybrid assay and coimmunoprecipitation experiments.

Materials and methods
Yeast two-hybrid assay

The full-length ¢cDNAs were inserted in the appropriate
vectors, pGBT9 vector (Clontech) for LMX1B and pACT2
(Clontech) for PAX2 and utilized in a yeast two-hybrid
assay as bait and prey. The constructs obtained, after PCR
amplification with oligonucleotide primers designed to
contain restrictions sites, BamHI at the 5’ end and BgIII at
the 3’ end for LMX1B, and containing Xhol and EcoRI for
PAX2 were cotransformated in yeast cells (CG1945 yeast
strain). Transformed yeast cells were plated on synthetic
medium lacking leucine, tryptophan and histidine and
containing 8 mM 3-aminotriazole, according to the Clon-
tech technical bulletin. Positive clones were also lacZ +
when tested by f galactosidase assay. We have also repeated
our experiments using another yeast two-hybrid assay in
which the MAV203 yeast strain was used: this strain is
genetically modified to contain three GAL4 inducibile
reporter genes, HIS3, URA3 and LacZ, stably integrated in
the genome (ProQuest Two Hybrid System, Invitrogen).
The bait construct was prepared by cloning LMX1B in the
pDBLeu vector, after PCR amplification with oligonucleo-
tide primers designed to contain restrictions sites, Sall at
the 5’ end and Notl at the 3’ end, in the appropriate
positions to allow in-frame fusion with the DNA binding
domain of the GAL4 transcription factor.

Two deletion constructs of LMX1B in the pDBLeu vector
have been prepared. Construct dell encoding the protein
fragment from residue 25 to residue 152 includes LIM-A
and LIM-B domains and lacks the homeodomain, while
construct del2 encodes the protein fragment from residue
229 to residue 372, lacking the two LIM domains and
retaining the homeodomain. To test interaction with these
deletion constructs, PAX2 was cloned in the pPC86 vector
after PCR amplification with oligonucleotide primers
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designed to contain restrictions sites, Sall at the 5 end
and Sacl at the 3’ end.

Mammalian cell expression and
coimmunoprecipitation

The LMX1B cDNA was cloned in the pCDNA 3.1/myc-His
expression vector (Invitrogen) containing the myc and
polyhistidine epitope tags, after PCR amplification with
oligonucleotide primers designed to contain restrictions
sites BamHI at the 5’ end and Xhol at the 3’ end; the PAX2
encoding c¢cDNA was cloned in the pCMV-2C vector
(Stratagene), containing the Flag epitope tag, after PCR
amplification with oligonucleotide primers designed to
contain restrictions sites, BamHI at the 5’ end and Notl at
the 3’ end.

Cos7 cells, grown in Dulbecco’s modified Eagle’s medium
with antibiotics and 10% (v/v) fetal bovine serum, were
transiently transfected or cotransfected with LMXI1B and
PAX2 expression vectors using the PolyFect reagent (Quia-
gen), according to the manufacturer’s instructions. Sam-
ples of 1.6 x 10°cells were cotransfected in 10cm plates
using a total of 5pug plasmid DNA. Cell exctracts were
prepared after lysis with an NP40 containing buffer,
following a protocol suggested by the Invitrogen manu-
facturer. Antibodies used were an anti-myc rabbit poly-
clonal antibody (Invitrogen) and a mouse anti-Flag
monoclonal antibody (Sigma). Samples obtained after
immunoprecipitation were analyzed by SDS-PAGE and
Western blot. HRP conjugated secondary antibodies,
anti-mouse and anti-rabbit, were used at 1:5000 dilution
and the antigen-antibody complexes visualized using
the enhanced chemiluminescence reaction (Amersham
Pharmacia Biotech).

Results and discussion

The full-length LMX1B human cDNA fused in frame with
the DNA binding domain of GAL4 and the PAX2 human
cDNA fused in frame with the GAL4 activation domain
were used for cotransformation in yeast in a direct two-
hybrid assay. Positive colonies were observed in the
selective histidine lacking medium and these same colo-
nies were positive for beta galactosidase staining, as shown
in Figure 1a.

These results were confirmed by two-hybrid assay carried
out with a different system (see Materials and methods) in
which different plasmids and different yeast strain were
utilized.

To further test the LMXI1B/PAX2 interaction, we per-
formed coimmunoprecipitation experiments after trans-
fecting both LMXI1B and PAX2 cDNAs in expression
plasmids with different epitope tags using antibodies
anti-myc for LMX1B and anti-Flag for PAX2. Extracts
of Cos-7 cotansfected cells were analyzed by Western
blot after immunoprecipitation: when  proteins



immunoprecipitated with anti-myc antibody were ana-
lyzed, a band of the expected molecular weight was
detected by staining with anti-flag antibody and the

1,2.3: Trp+,Leu+,His+,LacZ+
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Figure 1 Interaction between the PAX2 and LMX1B proteins by the

yeast two-hybrid method. (a) Positive beta galactosidase staining
observed in Trp+, Leu+, His+ colonies compared with negative
control; (b) scheme of the LMX1B protein domains showing the two
LIM- and the homeo-domain and underlined, the size of deleted
constructs; (c) interaction of wt and deleted LMX1B protein with PAX2.
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opposite was observed after immunoprecipitaion with
anti-flag antibody, as shown in Figure 2a and b. Therefore,
both genetic and biochemical assays provided support to
our hypothesis of interaction between the LMX1B and
PAX2 proteins. These two proteins are abundantly ex-
pressed during kidney development; therefore, it is possible
to envisage interaction at some embryonal stage although
the peaks of expression are not exactly overlapping.
Coexpression has also been described in the central
nervous system during dopaminergic and GABAergic
neuronal differentiation.'*!*

We used the yeast two-hybrid assay also to map the
interaction domain of LMXI1B: two deletion constructs
(Figure 1b), the first including LIM-A and LIM-B domains
and lacking the homeodomain, the second lacking the
N-terminal half of the coding region, and therefore
including the homeodomain and lacking LIM-A and LIM-
B domains.

Results of the assay showed that deletion 1 virtually
abolished the interaction of LMX1B with PAX2 whereas
deletion 2 induced only a mild reduction of interaction,
based on lacZ staining of several repeated assays
(Figure 1c). This result clearly indicates an important role
of the LMX1B homeodomain not only for DNA binding as
already reported! but also for the interaction with other
proteins, in particular with the homeodomain PAX2
protein. The same type of interaction between home-
odomain proteins, involving the homeodomain as site of
interaction, has been reported in several cases.'®'” Muta-
tions in the homeodomain found in NPS patients may
cause impairment of binding to DNA, as already re-
ported.'® However, considering the hypothesis of modifier

a Coimmunoprecipation with anti-myc (LMX1B)
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2: LMXI1B transfected cells, immunoprecipitated
3: LMX1B,PAX2 co-transfected cells, immunoprecipitated
4: PAX2 transfected cells, lysate

b Coimmunoprecipation with anti-flag (PAX2)

. Wh: anti Myc
— o —
sin—e W LMvxB)
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1: LMX1B,PAX2 co-transfected cells, immunoprecipitated
2: control empty vector, lysate

3: PAX2 transfected cells, immunoprecipitated

4: control empty vector, immunoprecipitated

5: LMX1B transfected cells, immunoprecipitated

6,7: LMX1B transfected cells, lysate

Figure 2 Coimmunoprecipitation of LMX1B and PAX2 proteins. (a) Western blot of coimmunoprecipitation with antimyc antibody revealed with
antiflag antibody. (b) Western blot of coimmunoprecipitation with antiflag antibody revealed with antimyc antibody.
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gene, we would not expect that they cause abolition of
binding to an interacting protein, since phenotypic
variability is observed between individuals within the
same family. Rather we would expect that variants in the
interacting protein, likely to be polymorphic, or variable
degree of its expression may influence the clinical
phenotype.

Since such interaction may have important implications
during development of both kidney, eye and nervous
system, we conclude that our results provide support to
further studies on PAX2 as a modifier gene in NPS, in
which renal, eye and neurological anomalies may or may
not be present.
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