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Pituitary Hypoplasia in Patients with a Mutation in the
Growth hormone—+eleasing Hormone Receptor Gene

Robert A. Murray, Hiralal G. Maheshwari, Eric J. Russell, and Gerhard Baumann

BACKGROUND AND PURPOSE: Several anatomic abnormalities of the pituitary gland have
been described as occurring in association with congenital growth hormone deficiency, includ-
ing hypoplasia of the adenchypophysis, truncation of the pituitary stalk, and ectopia of the
neurohypophysis. Their pathogenesis, however, is obscure. Normal pituitary development is
dependent on the sequential expression of a series of ontogenetic factors. Growth hormone-
releasing hormone (GHRH) is known to stimulate somatotroph proliferation, and a dwarf
mouse model with a mutant GHRH receptor, the “little mouse,” has a small anterior pituitary
due to hypoplasia of the somatotrophs. We recently described the human homolog of the little
mouse (dwarfism of Sindh), caused by a homozygous nonsense mutation in the GHRH receptor
gene in a Pakistani kindred. We investigated MR imaging characteristics to gain information
regarding the potential role of GHRH in human pituitary organogeness.

METHODS: MR images of the head were obtained of four affected male patients (age range,
22-29 years). Maximal anterior pituitary dimensions were determined from sagittal and co-
ronal images, and pituitary volumes were estimated from cubic and ellipsoid formulae. The
measur ements wer e compared with normative values matched for age and sex.

RESULTS: The adenchypophysis was small in each of the four patients. The maximal height
for the anterior pituitary was 3 mm in three patients and 2 mm in one (mean = SD, 2.75 =+
0.5 mm), which is significantly (P < .001) less than the expected height of 5.6 = 1.0 mm for
men in this age group. Estimates of anterior pituitary volume in the patients ranged from 75
to 124 mm3 (104 = 21 mm3), which corresponds to 35% to 52% of the normal mean volume
corrected for small head size (P < .005). No other cranial abnormalities were identified.

CONCLUSION: We describe significant hypoplasia of the adenohypophysis occurring in four
dwarfs with a nonsense mutation in the GHRH receptor. In addition to isolated growth hor-
mone deficiency and severe dwarfism, affected patients have anterior pituitary hypoplasia,
presumably due to somatotroph maldevelopment. Resistance to GHRH explains the hypoplasia
of the adenohypophysis—a feature that contributes to growth hormone deficiency in this syn-
drome. This is one of the few instances in which the molecular basis of pituitary dysmorpho-

genesis has been identified.

The causes of congenital hypopituitarism, including
its most common form, isolated growth hormone
deficiency, have remained unknown in the mgjority
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of cases. MR imaging has revealed multiple ana-
tomic abnormalities related and unrelated to the hy-
pothalamic-pituitary axis (1-7). Hypotheses con-
cerning the causes have focused on perinatal
hypoxia/anoxia, pituitary stalk transection during
breech delivery, and congenital hypoplasia of a
portion of the axis (2). Among the latter, genetic
causes may shed light on the pathogenesis of ana-
tomic pituitary anomalies.

The genetic program for pituitary ontogeny has
been extensively studied in the mouse. These stud-
ies have revealed the requirement for sequential ex-
pression of several transcription factors of the
POU-homeodomain class, such as Rpx, Ptx-1, Otx-
1, Lhx-3, Prop-1, and Pit-1, as well as the receptor
for growth hormone—releasing hormone (GHRH)
(8, 9). Mutations in the genes for Prop-1, Pit-1, and
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Fic 1. Representative pa-
tient (left; age, 25 years;
height, 124 cm) affected by
a homozygous nonsense
mutation in the GHRH re-
ceptor, shown together with
a normal-statured cousin
(right, age, 22 years; height,
169 cm).

the GHRH receptor have been shown to be respon-
sible for three well-characterized dwarf mouse
strains that have arisen spontaneously (the Ames,
Snell, and little mouse, respectively) (10-14). All
three mutants have growth hormone deficiency and
small pituitary glands, primarily because of defi-
ciency in somatotrophs, which is the predominant
cell type in the adenohypophysis (14). Expansion
of the somatotroph lineage late in pituitary ontog-
eny is thought to depend on GHRH action (8), and
GHRH has been shown to stimulate somatotroph
proliferation in vitro (15). The little mouse, because
of its dysfunctional GHRH receptor, fails to nor-
mally expand its somatotroph population, which
leads to pituitary hypoplasia and growth hormone
deficiency. Growth hormone deficiency is also due
to the inability of the remaining somatotrophs to
synthesize and secrete growth hormone normally in
response to GHRH.

The human counterpart of the little mouse has
been recently discovered (16, 17). The so-called
“Dwarfs of Sindh,” a large, consanguineous kin-
dred of growth hormone—deficient dwarfs in the
province of Sindh, Pakistan, have severe growth
hormone deficiency as a result of a nonsense mu-
tation in the GHRH receptor gene (17, 18). Four
of the affected patients recently traveled to our in-
stitution for medical studies, including MR imaging
of the hypothalamic-pituitary area.

M ethods

Four male patients, aged 22 to 29 years, whose cases have
been previously described in detail (subjects 4, 5, 23, and 35
[18]) underwent MR imaging of the hypothalamic-pituitary
axis. They demonstrated proportional dwarfism (mean height,
132 cm) without significant dysmorphic features. Relative mi-
crocephaly was present (mean head circumference, 49.6 cm);
skull size was approximately 4 SD below the norm. Endocrine
profiles corresponded to isolated growth hormone deficiency
with undetectable serum growth hormone levels that did not
respond to provocative stimuli (GHRH, L-dopa, or clonidine);
no other endocrinopathy was identified. A representative pa-
tient is shown in Figure 1.
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MR studies were performed with a 1.0-T system. Contigu-
ous sagittal and coronal spin-echo T1-weighted sequences
(530/17 [TR/TE], 2-mm-thick, 205 X 256 matrix) were per-
formed before and after the IV administration of 0.1 mmol/kg
gadopentetate dimeglumine. Contrast-enhanced images were
obtained with fat saturation. Fat-suppressed sagittal spin-echo
T1-weighted images (650/17, 2-mm-thick, 179 X 256 matrix)
were also obtained without the use of 1V administered contrast
material.

Maximal anterior pituitary height was determined from mid-
line sagittal images by measuring the greatest distance between
the superior and inferior borders of the gland. Lateral and an-
teroposterior dimensions were similarly determined by mea-
suring the greatest dimensions on the coronal and sagittal im-
ages, respectively. Estimates of pituitary volume were derived
from these measurements using the cubic (length X width X
height) and the ellipsoid [(length X width X height)/2] for-
mulae (19). The first formula tends to overestimate and the
latter to underestimate pituitary volume; therefore, the average
of both measurements was taken as the best approximation of
pituitary volume. Pituitary measurements were compared with
published normal values matched for age and sex. MR images
were also evaluated for the following: 1) normal or abnormal
pituitary stalk, 2) normal or absent neurohypophysis, 3) mid-
line malformations including corpus callosum agenesis or sep-
to-optic dysplasia, 4) sellar or suprasellar masses, and 5) any
other cranial abnormalities.

A statistical comparison of the patients' pituitary measure-
ments with normative values was made using the Mann-Whit-
ney rank sum and t tests. Data are expressed as mean = SD
unless otherwise stated.

Results

Representative MR images are shown in Figure
2. The anterior pituitary has aflattened aspect, with
the gland appearing as if compressed against the
sella floor. The maximum height of the adenohy-
pophysis measured 3 mm in three of the patients
and 2 mm in the fourth (2.75 = 0.5 mm). The
expected mean pituitary height for male personsin
this age group is 5.6 = 1.0 mm (20-22), which
represents a statistically significant difference (P <
.001). The anteroposterior length was 5 mm in
three patients and 4 mm in one (4.8 = 0.5 mm).
This is also significantly smaller (P < .001) than
normal reference values, which average 10.6 = 1.1
mm (23-25). Lateral diameters were 10 mm in two
patients and 11 mm in the other two; these values
are within the lower normal range (23-25). Pitui-
tary volume estimates in the four patients were 75,
99, 113, and 124 mm?3 (103 = 21 mm3), signifi-
cantly smaller measures (P < .005) than the pub-
lished norms (330 = 96 mm3, using the same
method of calculation [25], or 500 = 134 mm3
when measured anatomically [26]). Even when cor-
rected for the relatively small head size of the pa-
tients (approximately 90% of normal on a linear
scale, which corresponds to a corrected mean pi-
tuitary volume of 240 mm3), the sizes of the pa
tients pituitary glands remain significantly de-
creased, ranging from 31% to 52% of the normal
mean, corrected for head size (P < .005). The con-
figuration of the abnormal gland is one of de-
creased height and decreased anteroposterior
length, with relatively preserved lateral width.
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Fic 2. Fat-suppressed T1-weighted MR images of four adult male dwarfs show the pituitary area affected by a mutation in the GHRH
receptor. An MR study of a normal 25-year-old man is shown at the top for comparison. The four lower panels show, in sequence
(upper left to lower right), MR images of four patients (ages, 22, 27, 27, and 29 years, respectively). Note the hypoplastic anterior
pituitary and the normal posterior lobe. As a result of adenohypophyseal hypoplasia, the neurohypophyseal “bright spots” appear very

prominent. The MR image of the patient shown in Figure 1 is on the upper left.
A, Sagittal views. All images were obtained without the administration of contrast material.
B, Coronal views. The coronal image on the lower right was obtained after the administration of contrast material; all others were

obtained without the administration of contrast material.

There was a significant positive correlation be-
tween pituitary volume and stature (r = 0.965, P
~ .03), but no correlation between pituitary vol-
ume and head circumference (r = 0.098, P > .9).

The pituitary stalk was present in each patient
and had a normal shape without thinning or trun-
cation. The neurohypophysis (posterior pituitary
bright spot) was present in normal position and
size. No midline abnormalities were present. Spe-
cificaly, no patient had signs of corpus callosum
agenesis, septo-optic dysplasia, sellar/suprasellar
mass, or Chiari | malformation.

Other craniofacial features, as assessed by MR
imaging, were normal. We found no evidence of
facial hypoplasia, deformities of the nasal bridge,
or other abnormalities of cranial configuration that
are typically associated with other types of growth
hormone deficiency or growth hormone resistance.

Discussion
The MR findings described provide evidence for
significant hypoplasia of the anterior pituitary in a

newly described syndrome of genetic GHRH re-
ceptor deficiency. Affected patients have a homo-
zygous nonsense mutation (Glu®0 -, Stop) in the ex-
tracellular domain of the GHRH receptor, which
completely inactivates the receptor, leading to se-
vere growth hormone deficiency, dwarfism, and, as
shown herein, pituitary hypoplasia. Our MR find-
ings are in agreement with the hypoplastic pitui-
taries present in the little mouse, a growth hor-
mone—deficient dwarf mouse that bears a missense
mutation resulting in a dysfunctional GHRH recep-
tor that cannot bind GHRH (12, 13, 27). Because
GHRH is critical for terminal differentiation and
proliferative expansion of the somatotroph cells
late in pituitary ontogeny (8), the pituitary gland
of the little mouse contains only one-fourth the nor-
mal complement of somatotrophs, whereas lacto-
trophs, thyrotrophs, gonadotrophs, and cortico-
trophs are norma in number (14). Because the
somatotroph is the most predominant cell type in
the pituitary gland, accounting for 50% to 60% of
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cell mass, this lack of development resultsin asig-
nificant reduction of pituitary size (13, 28). Our
present studies show that the same seems to occur
in humans with GHRH resistance. In humans, asin
mice, somatotrophs account for approximately half
the anterior pituitary cell mass (29). Estimates of
pituitary volume in our patients are consistent with
the loss of this cellular complement, with pituitary
glands of approximately half the normal size. Our
results are also consistent with those of a recent
report by Netchine et a (30), who described MR
findings in two members (9 and 10 years old) of a
family from Sri Lanka affected with GHRH resis-
tance. The similarity of our MR results and theirs,
both in terms of pituitary size and configuration, is
striking. Of interest is our finding of a correlation
between statural height and pituitary size, perhaps
suggesting that greater somatotroph deficits result
in more severe growth hormone deficiency. None-
theless, this speculation needs to be viewed with
caution, because it is based on only four patients.

In contrast to the small pituitary size, the volume
of the bony sella turcica appears relatively normal,
with a depressed diaphragm sellae and a prominent
suprasellar cistern. This suggests that the early de-
velopment of the pituitary and sella may have been
concordant, with later regression of pituitary size
or failure of pituitary growth to keep up with skull
development. Although there is no direct evidence
for this speculative possibility in humans, it is in-
teresting to note that, in the little mouse, pituitary
size is normal at birth but progressively deviates
from the norm during the postnatal period, when
GHRH-dependent somatotroph proliferation should
normally occur (31). A similar developmental his-
tory may have contributed to the disparity between
sellar and pituitary size in our adult patients. Avail-
able, athough limited, information regarding sellar
size in isolated growth hormone deficiency of non-
tumorous origin indicates that the sella tends to be
small (1, 32, 33). Because terminal somatotroph
expansion is GHRH-dependent, it is possible that
the pituitary/sellar size disparity shown in our pa-
tients may be useful for differentiating this type of
pituitary hypoplasia from those of other origins.
Additional studies comparing pituitary/sellar size
ratios in the various causes of primary pituitary hy-
poplasia are required to clarify this issue.

Ours is one of the first studies in which a molec-
ular basis for pituitary hypoplasia in humans has
been shown. Most cases of congenital growth hor-
mone deficiency are idiopathic, although many po-
tential causative factors have been postulated. Peri-
natal asphyxia/hypoxia, breech delivery with
transection of the pituitary stalk, congenital hypo/
dysplasia of the hypothalamic-pituitary axis, para
sdllar radiation, hydrocephalus, and parasellar mass-
es have been suggested as potential causes (2).
Reported imaging findings by either CT or MR
imaging include normalcy, ectopic or absent neu-
rohypophysis, abnormal pituitary stalk (thinned,
truncated, or absent), hypoplastic or absent adeno-
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hypophysis, midline malformations, corpus callos-
um agenesis, septo-optic dysplasia, sellar/parasellar
masses, and Chiari | malformation (1-7). In none of
these cases is the cause of maldevelopment known
with certainty. A causative link has been confirmed
in only two syndromes. genetic GHRH receptor de-
ficiency (the present report) and genetic septo-optic
dysplasia, which was shown in one family to be due
to a defect in the Rpx (also known as Hesx1) tran-
scription factor (34).

Severa studies have focused on the MR findings
of growth hormone deficiency. Emphasizing the di-
versity of potential causes, imaging findings are
variable. Pituitary height in all 49 patients studied
by Arrigo et a (35) were 2 SDs below the mean
normal value (an inclusion criterion). Seventeen of
the patients also had pituitary stalk interruption,
and one had septo-optic dysplasia. Kornreich et d
(36) recently studied 21 patients with isolated
growth hormone deficiency. The adenohypophysis
was normal in 13 and small or absent in eight. The
stalk was absent, thinned, or truncated in 20, the
posterior pituitary was ectopic or nonvisualized in
18, and the more severe abnormalities were predic-
tive of panhypopituitarism. Nagel et al (37) studied
21 patients with isolated growth hormone deficien-
cy, six of whom had signs of isolated adenohy-
pophyseal hypoplasia. Twelve patients had ectopia
of the neurohypophysis, two were normal, and one
had septo-optic dysplasia. In a large series pre-
sented by Bozzola et al (38), 46 of 72 patients with
isolated growth hormone deficiency had pituitary
heights 2 SDs below the norm. Five MR studies
showed the stalk to be absent, and eight showed
neurohypophyseal ectopia. Pellini et a (3) de-
scribed the imaging findings of 18 children with
isolated growth hormone deficiency. Total gland
volume was 2 SDs below the mean value for age-
matched control subjects. The pituitary stalk was
normal in 10 children and truncated or thinned in
eight. The children with abnormal stalks had signs
of ectopic neurohypophysis. Marwaha et a (33) in-
vestigated 22 children with isolated growth hor-
mone deficiency and reported small adenohypo-
physes in 17, stalk thinning in six, and associated
brain anomalies in five. Maghnie et a (39) studied
29 patients with isolated growth hormone deficien-
cy and found the adenohypophysis to be reduced
in size or hypoplastic in 19 and normal in 10. The
pituitary stalk was hypoplastic in nine of the pa-
tients, all of whom also had ectopia of the neuro-
hypophysis. Two patients had a Chiari | malfor-
mation. It seems from this survey that anatomic
abnormalities of the pituitary gland are common in
cases of growth hormone deficiency. The descrip-
tive and diverse nature of the literature, however,
makes it difficult to derive pathogenetic insights
into the causes of pituitary maldevelopment. With
increasing knowledge of the factors responsible for
pituitary-hypothalamic organogenesis in conjunc-
tion with the elucidation of genetic syndromes,
such as the one reported herein, our understanding
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of these abnormalities at the molecular level islike-
ly to improve in the near future.

Conclusion

We describe consistent adenohypophyseal hy-
poplasia occurring in four dwarfs affected by a
nonsense mutation in the GHRH receptor gene.
GHRH isimportant for pituitary organogenesis and
development of somatotroph cells in the mouse; it
appears from the present study that the sameis true
in humans. Because of GHRH receptor deficiency,
the effects of GHRH, namely growth hormone re-
lease and promotion of somatotroph proliferation,
are nullified with resultant dwarfism and predict-
able hypoplasia of the anterior pituitary. The ab-
sence of associated imaging abnormalities may
help to distinguish these patients from others of
short stature before genetic testing is performed.
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