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Abstract

Objective: Genetic abnormalities of the pituitary specific transcription factor, Pit-1, have been reported
in several patients with GH, prolactin (PRL) and TSH deficiencies. The most common is a mutation
altering an arginine to a tryptophan in codon 271 (R271W) in one allele of the Pit-1 gene. According
to the previous in vitro expression study, R271W acted as a dominant negative inhibitor of the wild
type to activate the GH promoter. However, healthy carriers with this mutation, who should be
affected by the dominant negative effect of R271W, have also been reported. The aim of this study
was to clarify in more detail the function of this mutant form of Pit-1.
Methods: Transcriptional activity of R271W for the expression of Pit-1-associated genes was investi-
gated in COS7 cells with the aid of transient transfection assays. The 1.8 kb rat GH, 0.6 kb rat PRL or
1.9 kb rat PRL 50-flanking regions were inserted upstream of the luciferase reporter gene and were
used for functional analysis of R271W. Another reporter gene containing seven Pit-1 responsive
elements was also used. The same experiments were also performed using JEG3 and CHO cells.
Results: We could not confirm the dominant negative effect of R271W on wild type Pit-1. Further-
more, our expression study revealed that R271W could activate the promoters of GH and PRL
genes to levels similar to the wild type.
Conclusion: Taken together with the evidence that phenotypically normal cases have been reported
with this mutation, our results deny the relationship between R271W and combined pituitary hor-
mone deficiency.
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Introduction

Pit-1 is a pituitary-specific transcription factor required
for development of the three pituitary cell types, soma-
totrophs, lactotrophs and thyrotrophs, as well as the
expression of growth hormone (GH), prolactin (PRL),
GH-releasing hormone receptor, thyrotropin-b subunit
(TSH-b) and Pit-1 genes (1–8). Therefore, abnormal-
ities of the Pit-1 gene lead to GH, PRL and TSH
deficiencies. To date, several mutations of the human
Pit-1 gene have been reported in patients with com-
bined pituitary hormone deficiencies (CPHDs) (9–31).
Analysis of the pedigrees of these patients and the in
vitro expression studies revealed that some mutations
in the Pit-1 gene (G172X, E250X, A158P, R143Q,
P239S) lead to a recessive phenotype (23 –27), while

another mutant, R271W, leads to a dominant negative
phenotype (9–19).

In this present study, to clarify the precise mechan-
ism by which R271W dominantly inhibits wild type
Pit-1 to activate the targeted genes, we evaluated the
transcriptional activity of R271W. However, surpris-
ingly, in contrast to a previous report that this
mutant acted as a dominant inhibitor of wild type
Pit-1 to activate the promoter of GH gene (9),
R271W did not inhibit the effect of the wild type on
the promoter of GH gene as well as PRL gene, and
could activate these promoters to a level similar to
wild type Pit-1, at least in our experimental conditions.
These results, and the existence of healthy carrier with
this mutation (11), suggest that further investigation
will be needed to clarify how R271W leads to CPHD.
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Materials and methods

Materials and cell culture

Fetal calf serum and Dulbecco’s modified Eagle’s
medium were obtained from Life Technologies, Inc.
(Tokyo, Japan). COS7, JEG-3, and CHO cells were main-
tained in Dulbecco’s modified Eagle’s medium with 10%
(v/v) calf serum. All culture media contained penicillin G
(100 units/ml) and kanamycin (100mg/ml).

Construction of wild type and mutant form
(R271W) of Pit-1 expression vector

Human Pit-1 cDNA was inserted into an expression
vector (pcDNA3.1.) and this expression vector was
named pcDNA3.1-wild type Pit-1. R271W expression
vector (named pcDNA3.1-R271W) was constructed
with a site-directed mutagenesis kit (Stratagene, La
Jolla, CA, USA) according to the manufacturer’s
instructions. Briefly, Pfu Turbo DNA polymerase was
used to react 50 ng template DNA (pcDNA3.1-wild
type Pit-1) with mutant sense primer (50-CAGAGAGA-
AAAATGGGTGAAAAC-30) and mutant anti-sense
primer (50-GTTTTCACCCATTTTTCTCTCTG-30). This
reaction involved 30 s of denaturation at 95 8C and
15 cycles consisting of 30 s of denaturation at 95 8C,
1 min of annealing at 55 8C and 5 min of extension at
68 8C. After digesting the non-mutated parental DNA
template with DpnI, pcDNA3.1-R271W was success-
fully transformed. The complete Pit-1 DNA sequence
in pcDNA3.1-R271W was determined to exclude the
possibility of a second mutation. Another mutant
form of Pit-1 (E250X) expression vector (named
pcDNA3.1-E250X) was constructed as described pre-
viously (29). E250X is a previously reported mutant
form of Pit-1 that has completely lost its transcriptional
activity because of the defect in the binding activity to
DNA (24).

Reporter gene construction and transient
expression analysis using luciferase assay

Of the rat GH promoter 1.8 kb, and 0.6 kb of the rat PRL
promoter, 1.9 kb of the rat PRL promoter, or multimer-
ized Pit-1 response elements which are derived from
the 1P site of the rat PRL gene, were inserted upstream
of the luciferase gene. These reporter constructs were
named 1.8 k GH-Luc, 0.6 k PRL-Luc, 1.9 k PRL-Luc
and 1P-Luc, respectively. These plasmids were intro-
duced into COS7, JEG-3 or CHO cells using LipofectAce
(Invitrogen, Tokyo, Japan). First, 2mg 1.8 k GH-Luc or
0.6 k PRL-Luc were transfected into COS7 cells in
35 mm dishes with (i) 0.6mg pcDNA3.1., (ii) 0.3mg
pcDNA3.1. and 0.3mg pcDNA3.1-wild type Pit-1, (iii)
0.3mg pcDNA3.1. and 0.3mg pcDNA3.1-R271W, or
(iv) 0.3mg pcDNA3.1-wild type Pit-1 and 0.3mg
pcDNA3.1-R271W to evaluate the basal transcriptional

activity and dominant negative effect of R271W. Because
a longer promoter of the PRL gene (1.0 kb) was used in
the previous report (9), the same functional analysis of
R271W was done using 1.9 k PRL-Luc. 1P-Luc was
also used instead of 1.8 k GH-Luc, 0.6 k PRL-Luc and
1.9 k PRL-Luc.

To exclude the possibility that the results were cell-
specific phenomena, functional analysis using JEG-3
cells and CHO cells was also performed. Two micro-
grams of 0.6 k PRL-Luc were transfected into JEG-3
cells or CHO cells in 35 mm dishes with (i) 0.6mg
pcDNA3.1., (ii) 0.3mg pcDNA3.1. and 0.3mg
pcDNA3.1-wild type Pit-1, (iii) 0.3mg pcDNA3.1. and
0.3mg pcDNA3.1-R271W, or (iv) 0.3mg pcDNA3.1-
wild type Pit-1 and 0.3mg pcDNA3.1-R271W.

Furthermore, we also used the lower dose of Pit-1
expression vectors because 0.3mg Pit-1 expression vec-
tors seemed to be the saturating dose to activate 0.6 k
PRL-Luc and 1P-Luc in COS7 cells. Two micrograms
of 0.6 k PRL-Luc or 1P-Luc were transfected into COS7
cells in 35 mm dishes with (i) 0.2mg pcDNA3.1., (ii)
0.1mg pcDNA3.1. and 0.1mg pcDNA3.1-wild type
Pit-1, (iii) 0.1mg pcDNA3.1. and 0.1mg pcDNA3.1-
R271W, (iv) 0.1mg pcDNA3.1. and 0.1mg pcDNA3.1-
E250X, (v) 0.2mg pcDNA3.1-wild type Pit-1, (vi)
0.1mg pcDNA3.1-wild type Pit-1 and 0.1mg
pcDNA3.1-R271W, or (vii) 0.1mg pcDNA3.1-wild type
Pit-1 and 0.1mg pcDNA3.1-E250X. E250X is a pre-
viously reported mutant form of Pit-1 that has comple-
tely lost its transcriptional activity because of a defect
in binding activity to DNA (24). In this experiment, a
calcium phosphate transfection kit (Invitrogen) was
also used to exclude the possibility that different trans-
fection methods could lead to opposing results to the
previous report (9).

Twenty nanograms of pCMV-RL containing the
cDNA encoding Renilla luciferase (Promega, Tokyo,
Japan) were co-transfected in each transfection to nor-
malize the luciferase activity. In each experiment, cells
were harvested 48 h after the transfection, and lucifer-
ase activities were measured with a Turner design
luminometer TD-20/20 using the dual luciferase
assay system (Promega).

Western blot analysis

To rule out the possibility that the changes in
expression levels could explain the absence of a domi-
nant negative effect of R271W on the wild type, we per-
formed Western blot analysis. Three micrograms of
pcDNA3.1-wild type Pit-1 or pcDNA3.1-R271W were
introduced into COS7 cells in 100 mm dishes using
LipofectAce. Forty-eight hours after the transfection,
proteins were extracted from the cells and immunopre-
cipitated with anti-Pit-1 antibody (Santa Cruz Biotech-
nology, Santa Cruz, CA, USA). These samples were run
on 14% SDS-PAGE and anti-Pit-1 antibody was used for
Western blotting.
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Analysis of the nuclear translocation ability
of R271W using chimera constructs with
green fluorescent protein (GFP)

Wild type Pit-1 or R271W cDNA was inserted in frame
into the XhoI-KpnI sites in the multiple cloning sites of
pEGFPC3 (Clontech Laboratories, Inc., Palo Alto, CA,
USA) and these plasmids were named wild type Pit-1-
pEGFP and R271W-pEGFP, respectively. One microgram
of pEGFPC3, wild type Pit-1-pEGFP or R271W-pEGFP
was introduced into COS7 cells in 35 mm dishes with
the aid of LipofectAce according to the manufacturer’s
instructions. Forty-eight hours after transfection, fluo-
rescent images were examined.

Results

Mutation from R to W (CGG to TGG) in codon
271 was successfully made

The complete Pit-1 DNA sequence in pcDNA3.1-
R271W revealed that only one mutation, a C to T
mutation in codon 271 (Fig. 1). This mutation leads
to the substitution of W for R in codon 271.

R271W does not act as a dominant inhibitor
of Pit-1 action to activate 1.8 k GH-Luc and
0.6 k PRL-Luc in COS7 cells

R271W could activate 1.8 k GH-Luc (Fig. 2A) and 0.6 k
PRL-Luc (Fig. 2B) up to levels similar to wild type Pit-1.
Furthermore, when 0.3mg pcDNA3.1-R271W were co-
transfected with 0.3mg pcDNA3.1-wild type Pit-1,
R271W did not show a dominant negative effect on
wild type Pit-1 to activate 1.8 k GH-Luc (Fig. 2A) and
0.6 k PRL-Luc (Fig. 2B).

R271W does not act as a dominant inhibitor
of Pit-1 action to activate 1.9 k PRL-Luc and
1P-Luc in COS7 cells

R271W could activate 1.9 k PRL-Luc (Fig. 3A) and
1P-Luc (Fig. 3B) to levels similar to wild type Pit-1.
Furthermore, when 0.3mg pcDNA3.1-R271W were
co-transfected with 0.3mg pcDNA3.1-wild type Pit-1,
R271W showed no dominant negative effect on wild
type Pit-1 to activate 1.9 k PRL-Luc (Fig. 3A) and
1P-Luc (Fig. 3B).

R271W does not act as a dominant inhibitor
of Pit-1 action to activate 0.6 k PRL-Luc in
other Pit-1 deficient cell lines, JEG3
and CHO cells

R271W could activate the 0.6 k PRL-Luc to levels
similar to wild type Pit-1, and when co-transfected
with wild type Pit-1, R271W did not show a dominant

Figure 2 Transfection analysis using COS7 cells showed no
dominant negative effect of R271W on wild type Pit-1. Of the rat
GH promoter 1.8 kb (A) and 0.6 kb of the rat PRL promoter
(B) were inserted upstream of the luciferase gene.
These reporter constructs were named 1.8 k GH-Luc and 0.6 k
PRL-Luc respectively. Two micrograms of 1.8 k GH-Luc or 0.6 k
PRL-Luc were transfected into COS7 cells in 35 mm dishes with
(i) 0.6mg pcDNA3.1., (ii) 0.3mg pcDNA3.1. and 0.3mg
pcDNA3.1-wild type Pit-1, (iii) 0.3mg pcDNA3.1. and 0.3mg
pcDNA3.1-R271W, or (iv) 0.3mg pcDNA3.1-wild type Pit-1 and
0.3mg pcDNA3.1-R271W. Values are expressed as multiples of
induction relative to the basic activity without Pit-1 expression
vector and represent the means^S.E. of at least three
determinations.

Figure 1 Confirmation of C to T mutation in codon 271 (arrow) in
the Pit-1 cDNA inserted into the expression vector by direct
sequence.
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negative effect on wild type Pit-1 even in JEG3 cells
(Fig. 4A) and CHO cells (Fig. 4B) as well as COS7 cells.

When co-transfected with wild type Pit-1,
R271W but not E250X additively activated
0.6 k PRL-Luc and 1P-Luc in COS7 cells

R271W but not E250X could activate 0.6 k PRL-Luc and
1P-Luc up to levels similar to wild type Pit-1 (Fig. 5A
and B). In addition, when co-transfected with wild type
Pit-1, R271W additively activated 0.6 k PRL-Luc and
1P-Luc, while E250X did not (Fig. 5A and B).

Transfection analysis using calcium
phosphate leads to similar results

Even when introduced into the COS7 cells using
calcium phosphate, R271W but not E250X could acti-
vate 1P-Luc to levels similar to wild type Pit-1, and
when co-transfected with wild type Pit-1, R271W but
not E250X additively activated 1P-Luc (Fig. 5C).

R271W was expressed and accumulated into
the nucleus as wild type Pit-1

Wild type Pit-1 or R271W was expressed to a similar
extent when 3mg pcDNA3.1-wild type Pit-1 or
pcDNA3.1-R271W were transfected into the COS7
cells (Fig. 6A). According to the fluorescent images of
the expressed fusion proteins, nuclear accumulations
of wild type Pit-1-GFP and R271W-GFP were observed
in all of the cells analyzed (Fig. 6C and D). Cells
transfected with only the GFP expression vector were
also analyzed as controls. In the control cells, GFP
was distributed homogeneously in both the cytoplasm
and the nucleus (Fig. 6B).

Discussion

Pit-1 has a important role in the somatotrophs,
lactotrophs and thyrotrophs. Actually, mutations in
this transcription factor are responsible for two types
of genetically dwarf mice, that is Snell dwarf and
dwarf Jackson mice; both are deficient in GH, PRL
and TSH (5).

Figure 3 R271W did not show a dominant negative effect even
when other reporter constructs were used. Of the rat PRL promo-
ter 1.9 kb (A) and multimerized Pit-1 response elements which are
derived from the 1P site of the rat PRL gene (B) were inserted
upstream of the luciferase gene. These reporter constructs were
named 1.9 k PRL-Luc and 1P-Luc respectively. Two micrograms
of 1.9 k PRL-Luc or 1P-Luc were transfected into COS7 cells in
35 mm dishes with (i) 0.6mg pcDNA3.1., (ii) 0.3mg pcDNA3.1.
and 0.3mg pcDNA3.1-wild type Pit-1, (iii) 0.3mg pcDNA3.1. and
0.3mg pcDNA3.1-R271W, or (iv) 0.3mg pcDNA3.1-wild type Pit-1
and 0.3mg pcDNA3.1-R271W. Values are expressed as multiples
of induction relative to the basic activity without Pit-1 expression
vector and represent the means^S.E. of at least three
determinations.

Figure 4 Transfection analysis using other Pit-1 deficient cell
lines, JEG3 (A) and CHO cells (B), also showed no dominant
negative effect of R271W on wild type Pit-1. Two micrograms of
0.6 k PRL-Luc were transfected into COS7 cells in 35 mm dishes
with (i) 0.6mg pcDNA3.1., (ii) 0.3mg pcDNA3.1. and 0.3mg
pcDNA3.1-wild type Pit-1, (iii) 0.3mg pcDNA3.1. and 0.3mg
pcDNA3.1-R271W, or (iv) 0.3mg pcDNA3.1-wild type Pit-1 and
0.3mg pcDNA3.1-R271W to evaluate the basal transcriptional
activity and dominant negative effect of R271W. Values are
expressed as multiples of induction relative to the basic activity
without Pit-1 expression vector and represent the means^S.E. of
at least three determinations.
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In 1992, Tatsumi et al. (27) reported the first human
case of CPHD consisting of GH, PRL and TSH
deficiencies due to Pit-1 abnormality. In their case,
the proband had a homozygous mutation that converts
R in codon 172, which locates in the POU DNA binding
domain, to a termination codon. In the same year,
Pfaffle et al. (25) reported two familial cases with
CPHD. Mutation from A to P in codon 158, and
deletion of the Pit-1 gene were detected in their cases.

Also in the same year, Radovick et al. (9) described
another CPHD patient with mutation of the Pit-1
gene. In this case, a point mutation which converts R
in codon 271 to W, was identified in one allele. In this
report, they performed an in vitro expression study and
suggested that, although the patient had only one
mutant allele, R271W had a dominant negative effect
on wild type Pit-1 to activate the Pit-1 targeted genes,
leading to CPHD. Currently, there are at least 26 known

Figure 5 When co-transfected with wild type Pit-1, R271W additively activated 0.6 k PRL-Luc and 1P-Luc, while E250X did not.
Two micrograms of 0.6 k PRL-Luc or 1P-Luc were transfected into COS7 cells in 35 mm dishes with (i) 0.2mg pcDNA3.1., (ii) 0.1mg
pcDNA3.1. and 0.1mg pcDNA3.1-wild type Pit-1, (iii) 0.1mg pcDNA3.1. and 0.1mg pcDNA3.1-R271W, (iv) 0.1mg pcDNA3.1. and 0.1mg
pcDNA3.1-E250X, (v) 0.2mg pcDNA3.1-wild type Pit-1, (vi) 0.1mg pcDNA3.1-wild type Pit-1 and 0.1mg pcDNA3.1-R271W, or (vii)
0.1mg pcDNA3.1-wild type Pit-1 and 0.1mg pcDNA3.1-E250X. E250X is a previously reported mutant form of Pit-1 that has completely
lost its transcriptional activity because of a defect in binding activity to DNA (24). Transfection was done with the aid of LipofectAce
(A, B) or calcium phosphate (C). Values are expressed as multiples of induction relative to the basic activity without Pit-1 expression
vector and represent the means^S.E. of at least three determinations.
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CPHD patients with mutation of the Pit-1 gene.
Because among them 12 patients have a heterozygous
R271W mutation, R271W was believed to be a
common cause of Pit-1 dysfunction (32). Most cases
with R271W were sporadic and there were only two
familial cases with this mutation. Okamoto et al. (11)
reported the first family with R271W. They described
a patient who was heterozygous for this mutation.
They also identified the same mutation in an appar-
ently healthy father, grandmother and also aunts
who should have been affected by a dominant negative
effect. However, they found the monoallelic expression
of Pit-1 gene in the unaffected father and grandmother
by RT-PCR from lymphocyte RNA and suggested that
the mutant allele is silent when it is transmitted from
the mother. Another familial case was reported by de
Zegher et al. (15). They described a mother –infant
pair with GH, PRL and TSH deficiencies found to be het-
erozygous for this mutation. In this case, mutant allele
seems not to be silent, although it is transmitted from
the mother. Consequently, R271W possibly does not
lead to GH, PRL and TSH deficiencies through a
simple dominant negative effect or through a genomic
imprinting phenomenon.

In the present study, we performed in vitro expression
studies almost under the same experimental conditions
as the previous report (9). However, surprisingly, we

could not confirm the dominant negative effect of
R271W on the wild type to activate the Pit-1 targeted
genes. In addition, R271W showed activity similar to
the wild type, at least under our experimental
conditions. Taken together with the evidence that
phenotypically normal cases have been reported with
this mutation, our results deny the relationship
between R271W and GH, PRL and TSH deficiencies.
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