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a b s t r a c t

The corticotrophinoma, causing pituitary dependent hypercortisolism, represents the highest percentage
of pituitary tumours in the dog. The mechanism by which it develops is currently unknown and two the-
ories are postulated: the hypothalamic and the monoclonal. It is not clear either what factors are involved
in the tumour genesis; nevertheless, firm candidates are the Rb1 gene, proteins p27, p21 and p16, as are
also defects in the glucocorticoid receptor and Nur77/Nurr1. The role of BMPs remains to be evaluated in
greater depth. Although at present the chosen treatment in human is surgical, there are various pharma-
cological treatments already in use that have favourable results and others, still under research, also
showing promising results.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

The corticotroph adenoma or corticotrophinoma, causing Cush-
ing’s disease (CD) or Pituitary dependent hypercortisolism (PDH) in
humans represents 6% of pituitary Tumours (Gsponer et al., 1999;
Chanson and Salenave, 2004). On the other hand, this pituitary tu-
mour is observed frequently in the dog, with other types of pitui-
tary neoplasms being rare (Fracassi et al., 2007).

It has a high morbidity rate, both in human and dogs, because
of the adverse effects of the excess of cortisol due to adrenal
hyperstimulation and the effect the tumour mass has on the
brain (Orth and Kovacs, 1998; Reichlin, 1998). To understand
the pathogenesis and further development of this tumour, one
has to take into account the embryological origin of the cortico-
troph area. Like the rest of the adenohypophysis, it originates in
the Rathke pouch coming from the lingual ectoderm, differing
from the other adenohypophysis cells because of the expression
of other transcription factors, particularly Ptx-1 and Tpit, LIF (leu-
kaemia inhibiting factor) and the corticotroph releasing factor
(CRH) (Akita et al., 1995; Dasen et al., 1999; Lamolet et al.,
2004; Lanctôt et al., 1999; Ooi et al., 2004; Savage et al., 2003;
Suh et al., 2002; Treier et al., 1998). In the dog, corticotroph cells
are not only found in the anterior lobe of the pituitary but also in
the pars intermedia, with the latter being innervated by dopa-
mine axons which regulate the synthesis of pro-opiomelanocortin
(POMC) and its peptide derivates. The increase in dopaminergic
ll rights reserved.
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tone results in the inhibition of the synthesis of this macromole-
cule in the pars intermedia and in the anterior lobe (Tanaka,
2003; Colao et al., 2000). Biosynthesis and secretion of adreno-
corticotrophin (ACTH) is co-ordinately controlled by different
transcription factors at the level of the POMC gene promoter,
such as CRH, vasopresin (VP) and LIF. CRH induces the expression
of c-FOS and the nerve growth factor induced gene-B (NGFI-B or
Nurr77/Nurr1).It also induces Nurr77/Nurr1 transcriptional activ-
ity (necessary for POMC synthesis) and that of AP-1 and CREB
(Philips et al., 1997; Savage et al., 2003; Seaholtz, 2000). Inhibi-
tion is mainly determined by glucocorticoids (GC) through the
glucocorticoid receptor (GR). Martens et al. (2005) propose that
GC antagonize Nur77 activity, thus inhibiting POMC synthesis.
There would seem to be other inhibiting factors interacting
(Engler et al., 1999).

Nudi et al. (2005) suggested that the bone morphogenic pro-
tein-4 (BMP4) acts inhibiting POMC gene expression through Small
mothers against decapentaplegic homolog (SMADs), particularly
SMAD1, interfering with Pitx1 and Tpit activity, as well as taking
part in the embryologic development of the hypophysis (Ooi
et al., 2004; Savage et al., 2003). It is thought that BMP-4 has an
autocrine and paracrine role in corticotrophs and maintains the
balance between the different pituitary cell lines (Nudi et al.,
2005). Embryologic and functional characteristics of corticotroph
cells have been the basis for explaining the reasons corticotrophi-
nomas appear. Regarding treatment, the first choice in humans is
pituitary surgery, with radiotherapy being proposed for children
and adolescents (Boscaro et al., 2001; Brada, 1993). In veterinary
medicine, surgery has been largely developed by the group at
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Utrecht University, obtaining good results (post surgical survival of
3 years in 79% of the cases), with a low recurrence index (15%) sim-
ilar to that in human medicine (Mampalam et al., 1988; Simmons
et al., 2001). However both surgery and subsequent medical treat-
ment are complex (Meij, 2001; Meij et al., 2002; Hanson et al.,
2005, 2007) therefore unfortunately they are not indicated in the
majority of hospital-university establishments of other countries.
Post surgical morbidity in intensive care and at long term must
also be considered (Meij et al., (1997,2002)) as well as those cases
in which surgery is contraindicated. In cases where radiotherapy is
indicated, the risks are the collateral effects on the area in the
vicinity of the tumour (Boscaro et al., 2001).

Different drugs have been proposed for medically treating CD in
dog and human with varying success. Dopaminergic drugs (bromo-
ergocriptin and selegylin) and serotoninergic drugs have been used
to try to control ACTH secretion and tumour growth (Braddock
et al., 2004; Petrossians et al., 2000; Reusch et al., 1999). Therapies
with drugs acting on the adrenal gland are indicated in certain
cases (such as prior to surgery, no tumour being found, surgical
contraindication). These drugs act by inhibiting cortisol biosynthe-
sis, for example ketoconazole, trilostane and aminoglutetimide
(Barker et al., 2005; Castillo et al., 1996; Engelhardt and Weber,
1994; Sieber-Ruckstuhl et al., 2006); or by antagonizing glucocor-
ticoid receptors, for example mefepristone (Agarwal, 1996) or by
provoking necrosis of the adrenal cortex, for example Op’-DDD
(Kintzer and Peterson, 1991; den Hertog et al., 1999). The aim of
this manuscript is to explain the theories and causes proposed
for the appearance and development of the corticotrophinoma
and new therapeutic alternatives that can be used in the treatment
of this tumour.
2. Corticotrophinoma pathogenesis: hypothalamus vs.
hypophysis

Two theories have been put forward to explain the develop-
ment of the corticotrophinoma. One is the hypothalamic theory.
On the one hand, the hypothalamus would exert excess stimula-
tion on the corticotroph area through a greater secretion of CRH
and VP (Dahia and Grossman, 1999). Also, defects in GR would lead
to a greater stimulation of the corticotroph cells due to a lower
inhibitory action of cortisol (Lamberts, 2002) and therefore an in-
crease in POMC synthesis and in CRH. On the other hand, dopami-
nergic neurodegeneration in aged individuals (Bruyette, 1995;
Hereñú et al., 2006a,b) or a decreased expression of the D2 dopa-
minergic receptor in the corticotroph cells could result in a lower
inhibition on the corticotroph area (Colao et al., 2000; de Bruin
et al., 2008; Pivonello et al., 2004) thus producing hyperplasia.
The adenoma would then evolve because of a somatic mutation
of a hyperplasic cell. This line of thought is reinforced by the recur-
rence of the tumour or in certain cases when the tumour is not
found. Supporting this hypothesis, individuals with chronic stress
where there is a greater activation of the hypothalamus-hypophy-
sis-adrenal axis (HHA), also show corticotroph hyperplasia (Otte
et al., 2005; Sonino et al., 1993). Regarding resistance to GC, Karl
et al. (1996a,b) and Lamberts (2002) describe a mutation in the
gene that encodes the GR, with a reduction in the sites of DNA
binding while maintaining affinity for cortisol. This de novo muta-
tion in the germinal line provokes a general resistance to GC that
precedes the formation of the corticotrophinoma. They describe a
loss of heterozigosity (LOH) in the GR locus in tumours secreting
ACTH. According to Lamberts (2002), there would be a combined
effect between chronic stimulation of the corticotroph by increase
of CRH or VP and the loss of negative feed-back to decrease the
sensitivity to cortisol. Recent studies by Teshima et al. (2009a,b),
using trilostane to decrease cortisol leading to tumour growth as
a consequence of the reduction of the negative feedback (2009a)
and their studies on tumoral corticotroph cells in dogs (2009b)
reinforce what Lamberts (2002) has proposed. These events would
first lead to corticotroph hyperplasia and then there would be at
least some somatic mutation in the proteins that control the cell
cycle, leading to tumour development (Dahia and Grossman,
1999).

Against the hypothalamic hypothesis, it is argued that no hyper-
plasic area has been found surrounding the corticotrophinomas
that have been removed, in addition to the recovery and non recur-
rence in 80% of the cases and, what is more important: the charac-
terization of a monoclonal state in the majority of the adenomas
studied (Dahia and Grossman, 1999; Levy and Lightman, 2003).

The second theory is the monoclonal theory. This proposes the
pituitary as being the only origin of the adenoma, through the so-
matic mutation of a corticotroph cell developing a tumour clone.
This mutation precedes the clone expansion of the tumour (Her-
man et al., 1990). This is currently the most accepted theory be-
cause most adenomas studied show this origin (Dahia and
Grossman, 1999; Levy and Lightman, 2003). Still under discussion
is which mutation provokes the appearance of the tumour, and
where; as are the factors involved in its development. It is possible
that in a few cases the monoclonal pattern is acquired later on in
its development, after a prolonged phase of polyclonal growth in
response to stimulating factors (Dahia and Grossman, 1999; Lam-
berts, 2002). In this case, a selection pressure would exist in favour
of a certain cell clone, which would develop, annulling the rest of
the clones (Clayton and Farrell, 2001; Levy and Lightman, 2003).
Taking into account micro and macroadenomas, the existence of
a variety of corticotrophinomas is suggested. Macroadenomas
can display from a limited growth and benign behaviour, to an
aggressive behaviour as in Nelson’s case (Assa and Ezzat, 1998).
3. Proposed factors involved in the appearance of the
corticotrophinoma

3.1. Proto-oncogenes

Studies carried out on c-Erb B2/neu, c-MYC and PKC, RET, c-FOS,
c-MYB and RAS oncogenes have not shown abnormalities that
would suggest their participation in the development of the corti-
cotrophinoma (Dahia and Grossman, 1999). What has been found
over-expressed is the tyrosine kinase c-MYC proto-oncogene
(Evans et al., 2001). The pituitary tumour transforming gene
(PTTG) which is expressed in proliferating cells (controlling chro-
matin separation) has been proposed in the development of vari-
ous pituitary adenomas (Zhang et al., 1999; Melmed, 2003). A
50% increase in PTTG was found in only 1 corticotrophinoma of a
series of various human pituitary tumours (Zhang et al., 1999). It
is not yet clear whether over-expression of PTTG has any role in
pituitary tumour formation and/or its subsequent growth (Heaney
et al., 2002a; Levy and Lightman, 2003).
3.2. Suppressor tumour genes (proteins associated to the cell cycle)

Protein p53 (which blocks progression of the cell cycle as from
G1) was inconsistently found by immunohistochemistry in the cor-
ticotrophinomas and in invasive pituitary adenomas (Buckley
et al., 1995). Although there is no evidence of the existence of a
mutation of this protein that would induce the appearance of the
corticotrophinoma, it has been proposed that p53 would have a
role in the aggressive behaviour of the tumour (Dahia and Gross-
man, 1999; Levy and Lightman, 2003). The family of cell cycle
inhibitory proteins (p21, p27 and p16) as well as the retinoblas-
toma gene (Rb1, in its de-phosphorylated form which inhibits
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progression of phase G1 to S) have been studied in corticotrophino-
mas. Knock-out mice for Rb1 and p27 genes have been described to
develop tumours in the pars intermedia (Jacks et al., 1999; Nakay-
ama et al., 1996), indicating that both proteins play an important
role in tumour pathogenesis. Decreased levels of p27 have been de-
scribed in various corticotrophinomas, which suggests that post
transcriptional mechanisms of inactivation could be possible (Levy
and Lightman, 2003; Lidhar et al., 1999).

3.3. Receptor modulation

It has been observed that receptors for CRH (CRHR) and VP
(subtype V3, VPR3) are over expressed in corticotrophinomas
(Dahia and Grossman, 1999; Melmed, 2003; Zeugswetter et al.,
2008). VPR3 was also found to be increased under certain stress-
ful conditions (Sonino et al., 1993). While chronic stress is associ-
ated with a decrease in the number of CRHR the opposite occurs
for VP3R, where the proliferative signal is increased (Thibonnier
et al., 1997). This chronic stimulation of the corticotroph area
would lead to or aid clonal growth of the corticotroph cell. CRHR
are over expressed in corticotrophinomas; nevertheless, it is not
clear whether this is provoked by a greater transcription of the
receptors, reflecting an abnormal response from the tumour, or
if it is due to a defective processing at the post transcriptional le-
vel (Levy and Lightman, 2003; Dieterich et al., 1998). LIF involve-
ment in corticotrophinoma pathogenesis has not been established
(Levy and Lightman, 2003). Nevertheless, Yano et al. (1998) de-
scribed corticotroph hyperplasia and Cushing-like characteristics
in transgenic mice as a consequence of the expression of this
cytokine.

ACTH secreting tumour resistance to GC has been widely com-
municated (Karl et al., 1996a,b; Lamberts, 2002). As mentioned in
the introduction, resistance to GC precedes the appearance of the
corticotrophinoma owing to a dominant-negative mutation. Nev-
ertheless, GR mutation is not a common event (Levy and Lightman,
2003). It is feasible that certain types of corticotrophinoma are
associated with the defects described in the receptor, while these
events are irrelevant in others (Lamberts, 2002; Levy and Light-
man, 2003). Recently Teshima et al. (2009b) have suggested an
alteration of GR in dogs with corticotrophinoma, affecting the
expression of 11 beta hydroxysteroid dehydrogenase type-1 and
type-2 enzymes (decreased and increased expression respectively).
They conclude that these changes may have a profound role in the
growth of canine corticotroph adenomas and may help to further
understand the pathophysiology of dogs with CD.

Nur77/Nurr1, members of the family of receptors for steroid
hormones, are the main intermediaries for CRH induced POMC
synthesis, blocking the inhibitory signal of GC (Maira et al., 1999;
Philips et al., 1997; Savage et al., 2003). CRH acts via calcium, mito-
genic protein kinase A (MAPK) to induce and activate Nur77/Nurr1
(Kovalovsky et al., 2002), having a proliferative effect. Based on re-
ports by Martens et al. (1997) and by Kovalovsky et al. (2002),
over-expression of Nur77/Nurr1 could lead to GC resistance and/
or cell proliferation.

3.4. Genes involved in the development and regulation of pituitary
growth

Homebox genes: despite their role in the embryogenesis of the
pituitary, and of the corticotroph in particular, ‘‘homebox genes
Ptx” activity in tumour pathogenesis has not been defined (Dahia
and Grossman, 1999; Levy and Lightman, 2003). Analyzing TPIT
expression in corticotroph cells, Vallette-Kasic et al. (2003) found
a greater expression of TPIT in tumour cells with respect to normal
cells. These authors also demonstrated that this expression does
not occur in other types of pituitary tumours. Nevertheless, in a
recent study Hanson et al. (2008) concluded that mutations in
the TPIT gene are unlikely to play a major role in the pathogenesis
of canine corticotrophinomas.

3.5. Other factors involved in the genesis of corticotroph tumours

Sugawara et al. (1995) described the expression of the retinoid
(RXR) and retinoic acid receptor (RAR) in the pituitary, where they
intervene in cell differentiation and growth regulation (Zhou et al.,
1999). According to Merino and Hurlé (2003) retinoic acid interacts
with BMP’s, both through the SMADs and MAPK via, having in this
way a role in the corticotroph cell growth and in the expression of
the POMC promoter gene. The MAPK via would be related to pro-
apoptotic and anti-proliferative activity of retinoic acid observed
in certain tumours (Chen et al., 2004; Lei and Thé, 2003; Merino
and Hurlé, 2003). As has been recently described by Giacomini
et al. (2006) defects in RXR/RAR or in BMP’s signalling, would lead
to the loss of the corticotroph cell regulation and could be a factor
promoting the development of the ACTH producing adenoma. Per-
oxisome proliferator-activated receptor gamma (PPAR-c) is ex-
pressed in corticotroph cells, both from normal pituitaries and
from those with tumours in mice and humans (Heaney et al.,
2003). PPAR-c is restricted to and localized in cells that secrete
ACTH in the pars distalis of the pituitary (it is not expressed in
the pars intermedia of mice). PPAR-c was abundantly expressed
in all of 6 evaluated corticotrophinomas (Heaney et al., 2002b)
(Fig. 1). PPAR-c function in corticotroph cells (and in the pituitary
in general) is as a transcription factor of ligands dependent on the
synthesis process of mRNA, therefore regulating POMC synthesis
stimulated by CRH and acting in the cell cycle regulating its mito-
genic effect (Heaney et al., 2002b, 2003; Lovekamp-Swan and Chaf-
fin, 2005).

4. Conventional and current therapies

Conventional and current therapies have been mentioned in the
introduction. The ones that act on the pituitary are generally inef-
fective. In human patients with PDH, antiserotoninergic drugs,
such as cyproheptadine, ritanserin and ketanserin haven’t shown
good results (Sonino et al., 2000; Arnaldi et al., 2007). In dogs,
selegiline, a monoamine oxidase-B inhibitor, could not control
the disease satisfactorily (Reusch et al., 1999; Braddock et al.,
2004).

Drugs acting on the adrenal gland have been extensively stud-
ied and seem to be useful in the treatment of PDH in dogs (den
Hertog et al., 1999; Ruckstuhl et al., 2002; Wenger et al., 2004; Bar-
ker et al., 2005; Reine, 2007; Sieber-Ruckstuhl et al., 2008). On the
other hand, although they solve the hypercortisolism or its effects,
and therefore the clinical signs, they do not resolve the cause: the
corticotrophinoma. Furthermore regarding trilostane therapy, tu-
mour growth can progress (Teshima et al., 2009a).

5. Future therapies for treating the corticotorphinoma

Three new therapies, which either have been or are currently
under study, will now be described.

5.1. Tiazolindindiones (TZD)

Studies with TZD have been started keeping in mind the PPAR-c
expression previously described and the effects on cell regulation
(Lei and Thé, 2003; Lovekamp-Swan and Chaffin, 2005). Heaney
et al. (2002b) studied the effect of rosiglitazone (Ros) both
in vitro, in cell culture with AtT20 tumour corticotrophs, and
in vivo, in nude female mice (nu/nu); this being the first work



Fig. 1. PPAR-c expression in the corticotrophinoma. Western-blot of 6 corticotro-
phinomas showing PPAR-c expression (T1 to T6) versus 2 normal pituitary (NP). b-
actin immunoblotting confirms the equivalent of the total protein loaded. (Taken
from Heaney et al. (2002a,b). Permission obtained from Nature Medicine, Copyright
2002, Nature Publishing Group).
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carried out on the use of Ros in PDH. The authors observed the ar-
rest of the cell cycle in G0/G1 when administering Ros in vitro (pre-
venting the phosphorylation of Rb1, they increase p21 and p27),
the induction of corticotroph apoptosis (anti-apoptotic protein
Bcl-2 decreases and pro-apoptotic Bax increases) and a decrease
in the synthesis of POMC and ACTH. In cells treated with Ros, as
the rate of cell proliferation decreases, a lower expression of the
PTTG gene is also described. In vivo studies, carried out inoculating
a group of five mice with AtT20, showed Ros preventing tumour
development in four of the five treated mice while all controls
showed tumour growth after 4 weeks. ACTH and cortisol concen-
tration was significantly greater in controls when compared to
the treated animals. To know if Ros blocked previously inoculated
untreated tumours, they allowed tumour growth in five mice and
then administered Ros (and compared results to controls without
Ros). Although growth continued in both groups, growth was low-
er than that of controls in three out of five mice treated with Ros.
Fig. 2. Changes in ACTH (a); cortisol:creatinine urinary ratio (b) and survival curves (c) in
(isotretinoin 9-cis) vs. 20 mg/kg weight/day of ketoconazole. At 120 days, ACTH decrease
drug inhibited ACTH synthesis and consequently cortisol production (evaluated through
both during the treatment and after treatment removal. Open squares (Rx) and triangles
Castillo et al., 2006. Permission from Endocrinology, copyright 2006, The Endocrine Soc
PTTg mRNA expression decreased 80% with respect to the controls,
and approximately 60% POMC mRNA expression decreased, con-
firming in vitro observations. ACTH concentration was 75% lower
and corticosterone showed a 96% reduction in Ros treated mice
with respect to the controls and, contrary to the controls, treated
mice did not present clinical signs of the disease. Based on these
findings, the authors conclude that TZDs show a potential use in
patients with CD (Ambrosi et al., 2004). Similar results have been
observed with pioglitazone (Suri and Weiss, 2005).

5.2. Retinoic acid (RA)

RA has been studied in various types of tumours (Lei and Thé,
2003; Páez-Pereda et al., 2000). It inhibits cell proliferation,
growth and invasion and induces cell apoptosis and differentia-
tion (Merino and Hurlé, 2003). Some of these effects are due to
inhibition of AP-1 and of the orphan Nur77 receptor (Kang,
2000). Based on these effects of RA and on its activity in the cor-
ticotroph cell (see introduction) Páez-Pareda et al. (2001) exam-
ined the effects RA would have on the ACTH secreting tumour
cell. In AtT-20 cell cultures, RA only inhibits transcriptional activ-
ity of AP-1 and Nur77/Nurr1, thus inhibiting POMC and ACTH
synthesis. In human corticotroph cells, obtained from ACTH
secreting tumours and from different cell populations of normal
pituitaries, ACTH biosynthesis was only inhibited in tumour cor-
ticotroph cells, while normal cells were unaffected. Neither was
the synthesis of prolactin and growth hormone affected. With re-
gard to RA pro-apoptotic activity, they describe an increase in
caspase-3 activity in AtT-20 cells, decreasing their viability and
dogs with Cushing’s disease treated with 2 mg/kg body weight/day of retinoic acid
(a) and that of the urinary cortisol: creatinine ratio (b) is evident, indicating that the
its urinary excretion). Survival (c) is greater in dogs treated with isotretinoin 9-cis,
(Ktz) represent individual dogs and their variation during treatment. (Taken from:

iety).
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proliferation. It has been observed in in vivo studies in nu/nu mice
that if AtT-20 cells were treated with RA before implantation, the
corticotrophinoma did not develop and no changes were seen in
ACTH and cortisol concentrations of the mice. The opposite hap-
pened in those that were inoculated with untreated cells. Study-
ing the effect of RA on previously formed tumours, it was
observed that tumour growth was inhibited in mice under RA
treatment, showing focal signs of cell death on histopathological
examination. Both ACTH and corticosterone had lower concentra-
tions than that of controls. The authors conclusion is that RA
inhibits ACTH synthesis by inhibiting POMC transcription because
of its activity on AP-1 and Nur77/Nurr1, and reduces the prolifer-
ation and survival of the corticotrophinoma; thus having poten-
tial therapeutic use in CD. The report by Páez-Pareda et al.
(2001) was verified in a recent study carried out in 22 dogs with
PDH. Dogs treated with RA-9 cis (2 mg/kg/day) showed clinical
improvement (decrease of liquids and solid food intake; oestrous
cycle recovery, longer survival). Likewise, magnetic resonance
imaging (MRI) revealed a reduction in tumour size; and the de-
crease in ACTH and plasma a-MSH and in the urinary cortisol/cre-
atinine ratio was also evident (Fig. 2) (Castillo et al., 2006).

5.3. Cabergoline (Cbg)

Dopamine exerts an inhibitory effect on the adenohypophysis
and pars intermedia through its union with D2 type receptors
(D2R). Dopaminergic agonists can be used in corticotrophinoma
treatment as 80% express these receptors, and cabergoline, being
the most efficient of these agonists is proposed to be useful in
40% of the corticotrophinomas (Colao et al., 2000; Pivonello et al.,
2004). We have recently communicated that 42% (17/40) of dogs
Fig. 3. Changes in ACTH (a), cortisol: creatinine urinary ratio (b) and survival curves (c
Evaluation a year later of the dogs that responded to cabergoline (CbgRT) showed lower A
the controls (Ktz). Survival was greater in CbgRT, reaching up to 5 years in dogs treate
copyright 2008).
treated with cabergoline (0.07 mg/kg) every 48 h not only improve
clinical signs (decrease of liquids and solid food intake; oestrous
cycle recovery, reduction in abdomen size, longer survival) but also
show a decline in tumour size as well as a decrease in plasma ACTH
and a-MSH concentrations and in the cortisol/creatinine ratio in
urine (Fig. 3) (Castillo et al., 2008).
6. Discussion

Diverse and multiple associated factors take part in the origin of
the corticotrophinoma, with the monoclonal theory being the most
widely accepted (Assa and Ezzat, 1998; Clayton and Farrell, 2001;
Herman et al., 1990; Levy and Lightman, 2003; Melmed, 2003). An
hypothalamic desregulation initiating the tumour process from a
first phase of hyperplasia should not be totally discarded (Dahia
and Grossman, 1999; Hereñú et al., 2006a,b; Otte et al., 2005;
Teshima et al., 2009b). Although Van Wijk et al. (1992) did not ob-
serve correlation between CRH concentration in cerebrospinal fluid
and ACTH plasma concentration in dogs with PDH, the study was
carried out in animals of up to 11 years of age with corticotrophi-
noma and does not take into account older dogs, where dopami-
nergic neurodegeneration would be an important factor. Also, the
fact that these dogs already had an ACTH secreting tumour makes
it impossible to totally discard the previous action of CRH, at least
in some of the cases, as CRH could have been inhibited by the ACTH
and cortisol increase. On the other hand, LOH, mutation or defects
in factors controlling the cell cycle would lead to tumour growth
commencing with the affected cell (clone) (Dahia and Grossman,
1999; Levy and Lightman, 2003). Firm candidates for this process
are the Rb1 gene, proteins p27, p21 and p16 (Dahia and Grossman,
) in dogs with Cushing’s disease treated every 48 h with 0.07 lg/kg of cabergoline.
CTH concentrations and a lower cortisol/creatinine ratio in urine when compared to

d with the drug. (Taken from: Castillo et al., 2008. Research in Veterinary Science,
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1999; Levy and Lightman, 2003; Lidhar et al., 1999) and defects in
GR, Nur77/Nurr1 and 11 beta hydroxysteroid dehydrogenase
(Kang, 2000; Kovalovsky et al., 2002; Lamberts, 2002; Levy and
Lightman, 2003; Martens et al., 2005; Teshima et al., 2009b). More
studies are necessary to know if BMPs have a role in tumour path-
ogenesis, given their interaction with ‘‘home-box” Ptx-1 and Tpit
genes and with RXR/RAR activity (Merino and Hurlé, 2003; Nudi
et al., 2005; Vallette-Kasic et al., 2003; Giacomini et al., 2006). Light
shed from studies by Kovalovsky et al. (2002) and Páez-Pareda
et al. (2001) on Nur77/Nurr1 make it evident that the greater
expression of its promoter gene would lead to an amplification of
CRH activity with an increased synthesis of POMC and trophic ef-
fects on this peptide. It remains to be seen if this greater expres-
sion, similar to that of the PPAR-c, is due to mutations or LOH
inducing tumour genesis. These therapeutic alternatives open up
an interesting field of new options. Due to the scarce adverse ef-
fects they have demonstrated, these therapies would be of great
use. They could be indicated as the initial treatment in cases where
surgery is contraindicated or as a therapeutic aid to surgery (post
surgical indication) or pituitary radiotherapy.
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