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Abstract

BACKGROUND—Mutations in the PITX2 homeobox gene are known to contribute to Axenfeld-

Rieger syndrome (ARS), an autosomal-dominant developmental disorder. Although most

mutations are in the homeodomain and result in a loss of function, there is a growing subset in the

C-terminal domain that has not yet been characterized. These mutations are of particular interest

because the C-terminus has both inhibitory and stimulatory activities.

METHODS—In this study we used a combination of in vitro DNA binding and transfection

reporter assays to ask the fundamental question of whether C-terminal mutations result in gain or

loss of function at a cellular level.

RESULTS—We report a new frameshift mutation in the PITX2 allele that predicts a truncated

protein lacking most of the C-terminal domain (D122FS). This newly reported mutant and another

ARS C-terminal mutant (W133Stop) both have greater binding than wildtype to the bicoid

element. Of interest, the mutants yielded ~5-fold greater activation of the prolactin promoter in

CHO cells, even though the truncated proteins were expressed at lower levels than the wildtype

protein. The truncated proteins also had greater than wildtype activity in 2 other cell lines,

including the LS8 oral epithelial line that expresses the endogenous Pitx2 gene.

CONCLUSIONS—These results indicate that the PITX2 C-terminal domain has inhibitory

activity and support the possibility that ARS might also be caused by gain-of-function mutations.
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INTRODUCTION

Axenfeld-Rieger syndrome (ARS) is an autosomal dominant disorder characterized by

ocular anterior chamber, dental, and umbilical abnormalities (Semina et al., 1996; Amendt et

al., 2000; Lines et al., 2002). Other occasional features associated with this syndrome

include abnormal cardiac, limb, and pituitary development. Mutations in the transcription

factors PITX2 and FOXC1 have been identified in patients who have ARS (Semina et al.,

1996; Amendt et al., 2000; Lines et al., 2002). PITX2 is a bicoid type homeodomain protein.

Three isoforms of PITX2 have been identified that differ only in their N-terminus and have

been reported to have different or similar activities in various developmental and cellular

systems (Tremblay et al., 2000; Schweickert et al., 2000; Essner et al. 2000; Smidt et al.

2000; Yu et al., 2001; Cox et al., 2002). In this study we focused on the PITX2a isoform.

To date, all PITX2 mutations delete the entire gene or occur in the homeodomain or C-

terminal region, which we define as encompassing the entire coding region 3′ of the

homeodomain (Amendt et al., 2000; Wang et al., 2002; Lines et al., 2004). Most of the

PITX2 homeodomain mutations result in complete loss of function, although some mutants

retain residual function (Kozlowski and Walter, 2000; Espinoza et al., 2002), and at least 1

mutant has dominant negative properties (Saadi et al., 2001). Of interest, a valine→leucine

(V45L) homeodomain mutation yielded decreased DNA binding, yet increased

transactivation in a cell-based assay (Priston et al., 2001). This observation first raised the

possibility that increased PITX2 activity might underlie some cases of ARS. Within the C-

terminal region, there are reports of 5 nonsense mutations and 4 missense mutations (Semina

et al., 1996; Perveen et al., 2000; Philips, 2002; Brooks et al., 2004; Lines et al., 2004;

Espinoza et al., 2005). However, there is only 1 reported characterization of a C-terminal

mutant protein, which was a frameshift mutation in the distal C-terminus that removes 34

amino acids and yielded decreased activity (Espinoza et al., 2005).

The C-terminal region of PITX2 has multiple activities. Truncation of the C-terminal 39

amino acids resulted in increased DNA binding, yet reduced transactivation of target

promoters in COS-7 and HeLa cells (Amendt et al., 1999). The C-terminal region is required

for interaction with the Pit-1 transcription factor (Amendt et al., 1999), and PITX2 can

synergistically activate the prolactin promoter with Pit-1 (Amendt et al., 1998). However, a

physical interaction is not necessary for synergism (Saadi et al., 2001). PITX2 can form

dimers (Amendt et al., 1999; Cox et al., 2002; Saadi et al., 2003), and the C-terminal region

along with the homeodomain was required for dimerization in a yeast 2-hybrid assay (Saadi

et al., 2003). The role of the C-terminal region in dimerization is illustrated by the

enhancement of dimerization in the presence of Pit-1 or a peptide containing the C-terminal

39 residues (Amendt et al., 1999). Dimerization appears to involve both the C-terminal

region and the homeodomain, as exemplified by the dominant negative PITX2 K88E

protein, which cannot bind DNA, but does dimerize more strongly (Saadi et al., 2003). This

dual role of DNA binding and protein interactions by the homeodomain has been

documented for other proteins (Yuan et al., 1996; Burz and Hanes, 2001). To account for

these activities, we have proposed that the PITX2 C-terminal tail loops back and inhibits

DNA binding and that the inhibition can be relieved by protein-protein interactions (Amendt

et al., 1999). In addition, the recent finding that the PITX2 C-terminus is phosphorylated
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raises another potential level of regulation of C-terminal activities (Espinoza et al., 2005).

Thus, given the multifunctional nature of the C-terminal tail, we were intrigued as to

whether C-terminal ARS mutations would be gain- or loss-of-function mutants.

In this study we characterized the DNA binding, transactivation, and dimerization abilities

of two PITX2 ARS C-terminal truncation mutants. W133Stop eliminates the C-terminal 139

amino acids and D122FS introduces a shift in the reading frame that eliminates the C-

terminal 150 amino acids. Unexpectedly, the mutants had greater than wildtype activity on

the prolactin promoter. These results suggest that the C-terminal PITX2 mutants may have a

gain of function on certain promoters.

MATERIALS AND METHODS

Cell culture and reporter gene assays

CHO (Chinese Hamster Ovary) cells were cultured in α-MEM, 10% fetal bovine serum, 300

µg/ml glutamine, 100 U/ml penicillin, and 100 µg/ml streptomycin. The mouse oral

epithelial cell line LS8 was kindly provided by Dr. Malcolm Snead (University of Southern

California, Los Angeles, CA). COS7 and LS8 cells were grown in DMEM, 10% fetal bovine

serum, 100 units/ml penicillin, and 100 µg/ml streptomycin.

Approximately 1 × 105 CHO, COS7 or LS8 cells were cultured in 12-well plates and

transfected with a total of 2 µg of DNA including 0.5 µg of prolactin-luciferase, and 0.5 µg

of each expression vector (as indicated) using 4 µl of Lipofectamine 2000 (Invitrogen,

Carlsbad, CA) for CHO and LS8 cells or 3 µl of Fugene 6 (Roche, Indianapolis, IN) for

COS7 cells. The wildtype PITX2a, W133Stop and D122FS (including the encoding of 31

novel amino acids) cDNAs were cloned into pcDNA3.1 MycHisC expression vector

(Invitrogen), which contains the cytomegalovirus (CMV) and T7 promoters and an in-frame

C-terminal c-Myc epitope. The prolactin-luciferase reporter contains 2500 bp of the rat

prolactin promoter (Maurer and Notides, 1987). CMV5 DNA (empty expression vector) was

used to bring the total amount of DNA to 2 µg. An SV40 β-galactosidase plasmid (0.1 µg of

pSV-βgal) (BD-Clontech, Palo Alto, CA) was used as a control. The DNA-transfection

reagent mixture was added to cells growing in antibiotic-free media in the presence of serum

and incubated for 16–20 h (CHO) or 32–48 h (LS8, COS7). Following incubation, the cells

were scraped, lysed and assayed using luciferase assay reagents (Promega, Madison, WI)

and β-galactosidase assay reagents (Tropix Inc., Bedford, MA). Luciferase activities were

corrected for transfection efficiency. Statistical significance was calculated using a Student t

test for means of 2 samples.

Electrophoretic mobility shift assay (EMSA)

The probe was generated by annealing complementary oligonucleotides containing the

sequence gatccGCACGGCCCATCTAATCCCGTGggatc and end-filled using Klenow

polymerase with 32P-dATP as described (Tverberg and Russo, 1993). Binding assays were

carried out by incubating the probe (1.0 pmol) in a 20-µl reaction containing binding buffer

(20 mM HEPES, pH 7.5, 5% glycerol, 50 mM NaCl, 1 mM dithiothreitol), 0.1 µg of poly

(dI-dC), and 2–10 µl of TNT products or 0.5–2.0 µg of cell lysate (3–12 µl), or 100–300 ng
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of glutathione–S transferase (GST)–fusion proteins on ice for 15 min. In vitro synthesized

proteins were generated by transcription and translation (TNT) reactions using 0.5–1 µg

DNA, according to the manufacturer (Promega). Mammalian cell lysates were prepared as

described above. GST-fusion proteins were prepared, and the GST moiety was removed by

protease cleavage as previously described (Saadi et al., 2003). The samples were

electrophoresed for 2.5 h at 280 V on 8% polyacrylamide gels as described (Amendt et al.,

1998). Autoradiographs of EMSAs were scanned and band intensities were calculated with

NIH Image software. The amount bound was normalized to the intensity of an aliquot of the

input protein. Protein was measured by Bradford assays (BioRad, Hercules, CA) with a

bovine serum albumin standard.

GST-pulldown and Western blots

For preparation of mammalian cell lysates, transfections were done using Lipofectamine

2000 (10 µl) in 60-mm dishes with 5 × 106 cells and 5 µg of Myc-PITX2a, Myc-W133Stop,

or Myc-D122FS expression plasmids. Cells were incubated for 48 h after transfection,

washed with PBS, and lysed with 1× lysis buffer (1% Triton X-100, 150 mM NaCl, 10 mM

Tris pH 7.4, 1 mM EDTA, 0.2 mM PMSF, 0.1% NP-40, and 2% protease inhibitor cocktail

(Sigma, St. Louis, MO) for 30 min at 4°C. Following lysis, cells were scraped, centrifuged,

and the supernatant collected. Protein was measured by Bradford assays (BioRad) with a

bovine serum albumin standard.

GST-alone or GST-PITX2a immobilized on glutathione sepharose beads (Amersham

Pharmacia Biotech, Piscataway, NJ) were incubated with equal amounts of total lysate from

CHO cells transfected with Myc-tagged PITX2a, W133Stop, or D122FS plasmid in a 100-µl

volume in the presence of PBS and 300 ng/µl ethidium bromide for 15 min. Following

incubation, the beads were centrifuged and washed 3 times with buffer containing 50 mM

Tris (pH 7.0), and 140 mM NaCl. The beads were resuspended in 1 SDS sample buffer,

boiled for 5 min, and loaded on a 12.5% SDS-polyacrylamide gel for electrophoresis.

Proteins were transferred to polyvinylidine difluoride filters (Millipore, Bedford, MA).

Western blotting was carried out using a c-Myc antibody (9E10, Santa Cruz Labs, Santa

Cruz, CA) and ECL reagents (Amersham Pharmacia Biotech, Piscataway, NJ).

Autoradiographs were scanned and band intensities were calculated with NIH Image

software. The signal from the bound protein was normalized to the intensity of the input

protein from the same blot.

Results

Identification of the D122FS mutation

We have identified a new PITX2 mutation in a classic ARS patient (family 707) (Fig. 1A).

The proband at age 5 presented the characteristic ARS features, including absent incisors,

peg-shaped teeth, maxillary hypoplasia, an elongated umbilicus with umbilical hernia,

asymmetric pupils and megalocornea, and hearing loss. The father, who carries the same

mutation, has glaucoma, maxillary hypoplasia, and partial absence of permanent teeth.

Sequence analysis of the proband identified a deletion of a C at position 366 that shifts the

reading frame (Fig. 1B). This results in a change in codon 122, which encodes an aspartate
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in wildtype. The numbering is relative to PITX2a (Semina et al., 1996). The mutant cDNA

encodes a truncated protein of 153 amino acids that contains 121 amino acids of PITX2a

(Fig. 1C). This frameshift mutant will be referred to as D122FS.

The properties of a family with the PITX2 W133Stop mutation (family 704) have previously

been reported (Semina et al., 1996). The affected individuals had considerable umbilical

involvement with omphalocele in 1 individual. The codon at position 133 (tryptophan in

wildtype) contains a mutation that generates a stop codon. The PITX2 W133Stop cDNA

encodes a truncated protein of 132 amino acids (Fig. 1C).

W133Stop and D122FS mutants bind DNA more strongly than wildtype PITX2

We first characterized the DNA-binding properties of W133Stop and D122FS by EMSA.

PITX2 proteins were prepared by 3 different means. CHO cells were transfected with

expression vectors encoding Myc-tagged wildtype or truncated PITX2a proteins. We used

lysates of the transfected cells and a probe containing the bicoid consensus binding site

(TAATCC) that is known to bind PITX2a (Amendt et al., 1998). Both the W133Stop and

D122FS proteins had comparable levels of increased DNA binding compared to wildtype

(Fig. 2A). Densitometric analysis revealed a 3.8- to 6.7-fold increase in DNA binding of the

W133Stop and D1222FS proteins compared to wildtype PITX2a when normalized to the

wildtype and truncated protein levels. The relative amounts of wildtype and truncated

PITX2a proteins in the CHO lysates were measured by use of Western blots (Fig. 2B). A

similar increase in binding was observed with W133Stop and D122FS proteins that had been

synthesized in vitro using reticulocyte lysates (Fig. 2C). Densitometric analysis revealed a

2.3- to 5.6-fold increase in binding of the W133Stop and D1222FS proteins compared to

wildtype PITX2a when normalized to the synthesized protein levels. There were equivalent

levels of the Myc-tagged wildtype and truncated PITX2a proteins in the in vitro preparations

(Fig. 2D). To further substantiate the increased binding of the W133Stop truncated protein

relative to wildtype, an EMSA was performed with multiple concentrations of proteins

prepared by a third technique. The wildtype and W133Stop proteins were synthesized as

GST-fusion proteins in bacteria, and the GST moiety was removed by protease cleavage.

W133Stop binding was at least 3-fold greater at all concentrations tested (Fig. 2E).

Dimerization of W133Stop and D122FS mutants with wildtype PITX2a

As a further characterization of the C-terminal mutant PITX2 proteins, we tested their ability

to dimerize with wildtype PITX2a. We have reported the ability of PITX2a to form dimers

independently of DNA binding (Saadi et al., 2003). To assess dimerization ability, we

performed GST-pulldown assays using total cell lysates from CHO cells transfected with

wildtype or truncated PITX2a mutants (Fig. 3). The truncated mutants could indeed bind

better than wildtype PITX2a to the immobilized GST-PITX2a protein. Based on

densitometric scans of the input and bound protein signals from 2 different experiments, we

found that 6–10% of wildtype and 20–38% of W133Stop and 19–33% of D122FS PITX2a

proteins were bound. As a control, there was no detectable binding to agarose beads

containing only GST.
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Increased transactivation of the prolactin promoter in CHO, LS8 and COS7 cells by the
W133Stop and D122FS mutants

We were interested to see if the increased DNA binding of the C-terminal mutants would

result in a concomitant increase in transactivation. As an assay promoter, we used the

prolactin promoter, which is likely to be a physiological target of PITX2 (Gage et al., 1999).

Transfection of wildtype PITX2a activated the prolactin promoter ~20-fold in CHO cells

(Fig. 4A). In contrast, when the W133Stop or D122FS mutants were expressed in CHO

cells, there was a striking ~100-fold transactivation of the prolactin promoter (Fig. 4A).

We then asked if the increased activity seen with the C-terminal mutants was an intrinsic

property of the truncated protein or was it dependent on the cell type. We examined 2

additional cell lines, COS7 and LS8, in parallel with the CHO cells. Like the CHO cells,

COS7 cells are heterologous, while LS8 cells express the endogenous Pitx2 gene (Green et

al., 2001). Similar to what was seen in CHO cells (Fig. 4A), we found that both PITX2

mutants showed increased activation compared to wildtype PITX2 in both COS7 and LS8

cells (Fig. 4B, C).

The increased activity of the truncated proteins in CHO cells is even more noteworthy in

light of the reproducibly greater expression of wildtype over mutant proteins in CHO cells

(Figs. 2B and 4D). There were generally similar levels of wildtype and truncated proteins in

the COS7 and LS8 cells (Fig. 4E, F). The expression vector used for the wildtype and

truncated proteins encoded a C-terminal Myc tag. To address the possibility that the Myc tag

might confer stability to the truncated proteins, we replaced the C-terminal tag with an N-

terminal FLAG tag. The relative levels of FLAG-tagged wildtype and truncated proteins

were the same as seen with the C-terminal Myc tag in CHO and COS7 cells (data not

shown).

Because ARS is an autosomal dominant syndrome, we wanted to mimic the genotype by

cotransfection of equal amounts of wildtype and mutant protein expression vectors.

Unexpectedly, in CHO cells, cotransfection of wildtype with the W133Stop or D122FS

mutant vectors reduced activity to similar or slightly greater (<2-fold) levels than wildtype

(Fig. 4A). We have previously shown that transfection with twice as much wildtype PITX2a

expression vector DNA yielded essentially the same level of activity, indicating that PITX2a

is not limiting under these conditions in CHO or LS8 cells (Saadi et al., 2001; Saadi. 2003).

Furthermore, since the truncated mutants bind DNA more effectively than wildtype, this

indicates that the suppression of activity by the wildtype protein is not due to competition

for DNA-binding sites. In contrast to CHO cells, cotransfection of wildtype and mutant

proteins in both COS7 and LS8 cells yielded activity that was more like that observed with

the mutants alone (Fig 4B, C). This suggests some cell specificity when the genotype of

ARS patients is mimicked. As a control, there was relatively equivalent expression of the

transfected proteins in COS7 and LS8 cells (Fig. 4 E, F).

DISCUSSION

ARS is an autosomal dominant disorder that is caused by mutations in the FOXC1 and

PITX2 genes (Semina et al., 1996; Amendt et al., 2000; Lines et al., 2002). In the case of
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PITX2, the disorder is considered to be due to haploinsufficiency (Schinzel et al., 1997;

Flomen et al., 1998). Indeed, until now, among the PITX2 mutations that have been

characterized at a cellular level, there has been only 1 other report of a gain-of-function

mutation (Priston et al., 2001). The V45L mutation in the homeodomain generated a protein

with decreased DNA binding, but it unexpectedly increased transactivation activity in HeLa

and COS7 cells (Priston et al., 2001). The 13 known C-terminal domain mutations,

including the D122FS mutant described in this report, comprise a growing subset of the 34

reported ARS mutations (Semina et al., 1996; Perveen et al., 2000; Priston et al., 2001;

Saadi et al., 2001; Wang et al., 2002; Philips, 2002; Borges et al., 2002; Brooks et al., 2004;

Lines et al., 2004; Espinoza et al., 2005). Only 1 of these mutants, which lacks the C-

terminal 34 amino acids, has been characterized at a cellular level (Espinoza et al., 2005). In

this report, we have characterized the molecular properties of 2 mutants that lack most of the

C-terminal domain.

In contrast to all other PITX2 mutations, the C-terminal truncations result in increased DNA

binding. Both the W133Stop and D122FS truncation mutants bound DNA more strongly

than wildtype PITX2a prepared from cell lysates or in vitro. Both W133Stop and D122FS

could also bind wildtype PITX2a in the GST-pulldown assay to a greater extent than

wildtype homodimers. We had previously reported that the homeodomain alone can form a

dimer on DNA (Amendt et al., 1999). In contrast, the C-terminal region and homeodomain

are both required for dimerization in a yeast 2-hybrid assay (Saadi et al., 2003). The reason

for this difference is not known, but it may be due to higher levels of PITX2a protein in the

EMSA and GST-pulldown assays relative to the yeast assay. The observation that both DNA

binding and dimerization is increased in the absence of the C-terminal region is consistent

with our model that predicts an inhibitory cis interaction between the C-terminus and

homeodomain (Amendt et al., 1999).

From our previous studies with synthetic C-terminal mutations, we expected that the

increased DNA binding would not result in a concomitant increase in transactivation ability

(Amendt et al., 1999). However, the surprising result was that there was increased

transactivation by the W133Stop and D122FS truncated proteins. In CHO cells there was

about a 5-fold greater transactivation of the prolactin promoter than seen with the wildtype

PITX2 protein. In the COS7 and LS8 cells, there was also greater activity with the mutants.

The increased transactivation was observed even though the mutant proteins were expressed

at lower levels than wildtype in CHO cells and at comparable levels in COS7 and LS8 cells.

Of note, both C-terminal truncations described in this work are still more active than

wildtype despite the elimination of 5 phosphorylation sites that have been attributed to

increased PITX2 transactivational activity (Espinoza et al., 2005). One possible explanation

is that phosphorylation of the C-terminal sites results in a conformational change that

unmasks the homeodomain, analogous to what is thought to happen when Pit-1 binds to the

C-terminal portion of PITX2 (Amendt et al., 1999).

To mimic the autosomal dominant state of the ARS patient, we coexpressed the wildtype

PITX2a allele with the W133Stop and D122FS truncation mutants. In CHO cells this meant

that the large gain of function relative to wildtype was reduced to only a minimal change

upon cotransfection with wildtype PITX2a. This effect appears to be cell specific because in
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the COS7 and LS8 cells, coexpression of wildtype and either truncation mutant showed

comparable activity to that seen with just the truncated mutants. The mechanism behind this

apparently cell-specific dampening of activity is not known, but it could at least partly

involve differences in wildtype-mutant dimer protein-protein interactions with cellular

cofactors and/or the phosphorylation state of wildtype PITX2 in the different cell types.

An extrapolation from the cell-based assays in this report is that C-terminal PITX2 mutants

might have a gain-of-function phenotype in ARS patients. This challenges the view that

ARS is caused only by haploinsufficiency but is in accord with the gain-of-function mutant

reported by Priston et al. (Priston et al., 2001). One caveat of this interpretation is that

although the truncated proteins are expressed in cell lines, the mutants may not expressed in

the patients because of nonsense-mediated RNA degradation or protein degradation.

Nonetheless, there is precedence of dosage-dependent birth defects. In particular, it is

intriguing that duplication of the FOXC1 chromosomal region has been linked to ocular

developmental defects (Lehmann et al., 2000; Nishimura et al., 2001) and that ARS can also

be caused by mutations in the FOXC1 gene (Mirzayans et al., 2000). Importantly, Holmberg

et al. (2004) have recently shown that overexpression of PITX2 in the developing mouse eye

can also cause phenotypes consistent with ARS, which provides further evidence for gain of

function potentially underlying ARS. These results underscore the complexity and potential

ramifications of mutations in the PITX2 C-terminal tail in ARS patients.
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Figure 1. Identification of the D122FS mutation in an ARS patient
A. Pedigree of the affected proband showing the D122FS mutation. B. Sequence of the

PITX2 fragment from genomic DNA of unaffected and affected members of the family.

Deletion of a single base (C) results in a codon frameshift that predicts a truncated protein.

C. Schematic representation of the human PITX2a gene showing the relative positions of the

homeodomain (HD), the 2 C-terminal mutations, and the 14 amino acid Otp and aristaless

homologous region (OAR) (Cox et al., 2002).

Saadi et al. Page 11

Birth Defects Res A Clin Mol Teratol. Author manuscript; available in PMC 2014 May 16.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 2. W133Stop and D122FS mutant proteins show increased binding to the bicoid DNA
element
A. CHO cells transfected with wildtype PITX2, W133Stop, or D122FS expression vectors

(as indicated) were lysed using a modified RIPA buffer. Approximately equal amounts of

the resulting cell lysate were incubated with a probe containing the bicoid consensus

sequence (TAATCC) in an EMSA. The bicoid probe only is shown as a control. The

wildtype PITX2a, W133Stop, and D122FS complexes and free probe are indicated. The

identities of the extra bands are not known. The image is representative of 4 independent

experiments with lysates showing 3.8-, 4.3-, 4.4-, and 6.7-fold greater binding of W133Stop
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relative to wildtype and 2 independent experiments showing 4.3- and 4.4-fold greater

binding of D122FS. B. Expression levels of the Myc-tagged PITX2a, W133Stop and

D122FS proteins were determined for the CHO lysates in panel A with an anti-Myc Western

blot. C. EMSA of 5 µl of wildtype PITX2a, W133Stop, and D122FS in vitro transcription

and translation (TNT) products and an unprogrammed TNT-negative control incubated with

the bicoid probe. The wildtype, W133Stop, and D122FS complexes are indicated. The

image is representative of 3 independent experiments with TNT products showing 2.6-, 2.8-

and 5.6-fold greater binding of W133Stop relative to wild type and a single experiment

showing 2.3-fold greater binding for D122FS. D. An anti-Myc Western blot of the TNT

products used in panel C. The wildtype PITX2a, W133Stop, D122FS proteins and

prestained size standards are indicated. The identity of the band just above PITX2 is not

known. E. EMSA measurement of bound wildtype and W133Stop PITX2a proteins.

Increasing amounts (100, 200, 300 ng) of protease-cleaved GST-fusion proteins were

incubated with a probe containing the bicoid consensus sequence. The band intensities were

calculated from densitometric scans and the relative amount of bound protein is shown.
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Figure 3. Increased binding of W133Stop and D122FS with wildtype PITX2a
Approximately 90 µg of total lysate from CHO cells transfected with Myc-tagged PITX2a,

W133Stop, or D122FS was incubated with glutathione sepharose beads containing GST

alone or GST-PITX2a. Bound protein was detected by a Western blot using anti-Myc

antibody; 15 µg of total lysate (16% of the input) is shown for comparison. The wildtype

PITX2a, W133Stop, and D122FS proteins and prestained size standards are indicated.
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Figure 4. Increased transactivation by the D122FS and W133Stop mutant proteins in
mammalian cells
A–C. CHO, COS7 and LS8 cells were transfected with a prolactin-luciferase reporter alone

(Con), or with PITX2a, W133Stop, D122FS, or combinations, as indicated. The luciferase

activity is shown as the mean fold-activation compared to reporter alone +/− SEM from at

least 4 independent experiments. *= P < .05 PITX2 vs. W133Stop or D122FS, **= P < .05

PITX2 vs. PITX2+W133Stop or PITX2+D122FS, ***= P < .05 W133Stop vs.

PITX2+W133Stop or D122FS vs. PITX2+D122FS. D–F. Western blots were performed to

show the relative expression level of the Myc-tagged wildtype and truncated proteins in the
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CHO, COS7, and LS8 cells as indicated. The wildtype PITX2a, W133Stop, and D122FS

proteins and prestained size standards are indicated.
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