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Gonadal and Sex Differentiation

Abnormalities of Dogs and Cats

V.N. Meyers-Wallen

Key Words
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Sex chromosome DSD - Testicular DSD - XY DSD - XX DSD

Abstract

The molecular steps in normal sexual development were
largely discovered by studying patients and animal models
with disorders of sexual development (DSD). Although sev-
eral types of DSD have been reported in the cat and dog,
which are often strikingly similar to human DSD, these have
been infrequently utilized to contribute to our knowledge of
mammalian sexual development. Canine and feline cases of
DSD with sufficient evidence to be considered as potential
models are summarized in this report. The consensus DSD
terminology, and reference to previous terminology, is used
to foster adoption of a common nomenclature that will fa-
cilitate communication and collaboration between veteri-
narians, physicians, and researchers. To efficiently utilize
these unique resources as molecular tools continue to im-
prove, it will be helpful to deposit samples from valuable
epositories where they are available to contribute
derstanding of sexual development, and thus im-
an and animal health.
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Other recent reviews have discussed the molecular
mechanisms of normal mammalian sex determination or
their application in understanding abnormal sexual de-
velopment in domesticated animals [Villagomez et al.,
2009; Poth et al., 2010; Jakob and Lovell-Badge, 2011]. To
focus the diagnostic plan on factors that normally control
each step in sexual development, we previously catego-
rized affected dogs and cats according to the first step in
sexual development that was abnormal, being either er-
rors in chromosomal sex, gonadal sex, or phenotypic sex
[Meyers-Wallen, 2009]. A new method of categorizing
disorders of sexual development (DSD) has been devel-
oped for humans, to develop a consensus of diagnostic
terms [Pasterski et al., 2010]. The consensus terminology
is amenable to incorporation of molecular diagnosis.
which is increasingly important, and adoption of a com-
mon nomenclature should facilitate communication and
collaboration between veterinarians, physicians, and re-
searchers. Accordingly, cats and dogs are now described
as having DSD rather than being described as intersex.
This review updates canine and feline cases that have suf-
ficient diagnostic evidence to consider them as potential
models for human DSD, but does not attempt to reinter-
pret all cases reported. The disorders are categorized as
sex chromosome DSD, XY DSD, or XX DSD (table 1), but
previous terminology is included in the text.

Table 1. DSD in the cat and dog that are animal models or potential animal models for human DSD

BUEl Species Sex chromosome DSD

XY DSD XX DSD
Cat 39.XXY and variants Disorders of testicular development: Androgen excess, fetal:
A === 37X and variants Ovotesticular DSD 11-beta hydroxylase deficiency (CYP11B1)
39, XXX variants Disorders in androgen synthesis or action: Other:
38,XX/38,XY chimerism Complete Androgen Insensitivity Syndrome (CAIS) Miillerian agenesis/hypoplasia
Other: Vaginal atresia
\ Persistent Millerian Duct Syndrome
Isolated hypospadias
A Isolated cryptorchidism
e Dog  79,XXY Disorders of testicular development: Disorders of ovarian development:
= 77X variants Partial testicular dysgenesis Ovotesticular DSD
79, XXX and variants Ovotesticular DSD Testicular DSD
77,X/78, XY mixed gonadal dysgenesis Disorders in androgen synthesis or action: Androgen excess, maternal:
78,XX/78,XY chimerism Partial Androgen Insensitivity Syndrome (PAIS) Androgenic drugs
OtHer: Other:
Persistent Mitllerian Duct Syndrome Miillerian agenesis/hypoplasia

Isolated hypospadias
Isolated cryptorchidism
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A sporadic case of the sex-reversed mare
(64.XY: SRY-negative): molecular
and cytogenetic studies of the Y chromosome ™

Monika Bugno™". Jolanta Klukowska", Ewa Stota®,
Marek Tischner®, Marek Swuonskjb

*Department of Immuno and Cviogenetics, National Research Instinae of Animal Production.
wl. Krakowska |. 32-082 Balice, Poland
"Deparmuent of Genetics and Animal Breeding. Agricultural University of Poznan, Poman, Poland
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Abstract

A sex-reversal syndrome appears frequently in the horse. 'The mare curriers of this syndrome lack
of SRY gene, It is suggested that sex-reversal syndrome is probably caused by transfer of the SRY
gene from Y to the X chromosorme, due to abnormal meiotic exchange. The alm of the study was

3w > 5 slou ¢yl b Jluo b 53 oo plowil Gilindiz g olalllas bl

molecular analysis of the Y-linked genes in a case of the sex-reversed infertile mare with 64.XY

karyotype. The karyotype was established on the basis of analysis of 350 metaphase spreads stained

Ay by CBG banding. Molecular analysis of the Joci assigned to the Y cliromosome revealed absence of
V) “ihe SRY gene and presence of the other studied loci (ZFY, AMEL-Y and STS-Y), In this animal all
fragments representing X chromosome (ZFX. AMEL-X and STS-X) were detected. External
genitalia in the mare were normal, uterus was small and ovaries (examined by ultrasonography)
extremely spal small The mechunism of sex-reversal syndrome formation was discussed. It is postulated
tha! durfhg spetimatogenesis in the sire two crossing-over events between the X and Y cliromosomes
}, G:ne} 1 100k place between the ZFY and SRY lock and another one between the SRY

mere.
Science Inc. All rights reserved.
ulvu dossadegh.ir
Keywords: Horse; Mare 64,XY; Sex-reversal syndrome
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Androgen insensitivity syndrome
2 in a Thoroughbred mare
(64, XY — testicular feminization)

Krista J. Howden

Abstract — A Thoroughbred mare was presented for stallion-like behavior. Reproductive and
ultrasonographic evaluation, testosterone assays, and karyotyping confirmed a diagnosis of androgen
insensitivity syndrome (64, XY — testicular feminization). Surgery to remove abdominal testicles
was successful in alleviating the behavioral abnormality. This condition is discussed with reference
to the current literature.

Résumé — Syndrome d'insensibilité aux androgénes chez une jument Thoroughbred (64, XY —
féminisation testiculaire). Une jument Thoroughbred a été présentée parce qu’elle avait un com-

po d'étalon. Une évaluation reproductrice et échographique. des dosages de testostérone et
uncaryotypage ont confirmé un diagnostic de syndrome d’insensibilité aux androgenes (64, XY —
fen "1’1‘—"’ testiculaire). Une excision chirurgicale des testicules abdominaux a corrigé le comporte-
ment.: al. Cette pathologie est discutée en rétérant a la littérature actuelle.

alvadossadegh.ir (Tradwii par Docteur André Blowin)
Can Vet ] 2004;45:501-503
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c woven bone, the classic mosaic formed by mynad
s irregular cement lines, considerable ankylosis, osteolysis,

osteoporosis, and later pathologic fractures. These
features are consistent with Paget's disease of bone as
seen in humans. It was first described in a snake in 1974,

subsequently, the condition has been documented in a

(4 variety of snake species, and recently, a Paget's

discase-like histopathologic description has been

reported in lizards. The cause of this condition in humans

has not been determined. However, a viral agent as an

etiologic agent has been suggested. -~ Paget's discase in

reptiles has been postulated to also have an autoimmune

etiology stemming from infectious disease -

Many affected reptiles show irregular mosaic patterns

in vertebral bones.-' Some authors believe the mosaic

pattern reflects the normal appearance of reptilian bone

remodeling ©> More work is necessary to ascertain the
A normal progression of bone formation in reptiles to
.delarmmc the significance of this mosaic pattern in
_ if:seésed animals.
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Fig 1. Burmese python (Python molurus bivittatus) with osteitis defor-
mans. Note the irregular body outlines (arrows) of the dorsolateral aspects
of the body

Fig. 2. Dorsoventral whole-body radiograph. Notice the vertebral lesions
(arrows) with abundant and irregular bone proliferation (cotton wool

et ohr ) o <t Q AP
ggj‘ﬁ‘nﬁbm] h“d-‘ and SPINOUS process. lesions ) predominantly along the lateral cortex of the vertebral bodies
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Fig 2. Chibbed appearance of the front paw of a confirmed  Fig 3, Broademng of facil features m a confirmed acromegale “ ’
acromegabic cat cat as compared with photographs taken S years peeviousy
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Fig. 3. increased interdental spaces suggestive of acromegaly i 3 12-year-okd cat Fig. 2. Phenotypic appearance of a typical acromegalic cat with owert diabetes @
with hypersomatotropism mellitus and enlirgement of acral segments of the body (Read, paw, &1c.) -

Fig 4. Radiographs of the carpal joints of an acromegalic cat showing degenerative
arthropathy




(S cdyd) (Jog ST (65lows 4 Mo (5 41,5 S 6 04z YU pglai

g Ll (b Caws (g Fyp b o 50 a5 was oo Lis 1) « Acromegaly:

S o 31 3155201 oy 35005 3135 o8 by 4 b laio 5 alolh 351

polai oo oo Ll 1) LUl ol pusd a5 add oo LG 1) 00 joli (6 41,
iyl 31z g Jud 1y« (Jog 55T a3 Moo (5 41,5 Sl F9200 gl Sy

by yo Comly Coomw pguai 9 Ml 51 b 1 b2 o o Coowr 2 90 023 (00 (gL
3ol astin SU81,5900l) pglad o a5 Aigflos (il (oo Sl 5l o 4
FSon (bl S pgas ) pml 9 Y SO g oo lgsuiwl (g Lo 4 Ml

ol A8l 1581 450 51 W s g alols g oucs

b s 3y ()l SO a5 cool « Dwarfism : SigseS » ) cpl o 500 Jlo

& olows 51,0 « Dwarfism : SgieS» a4 s )l )los 51 gloss 05 pobas ;o TVl

Wy (o0 e A il sl




L syl 5l Sglase jlaws ol 8l ains o jlid a5 aiid (6,500 5)lse (398 slo Jlis

255 o Sl € 5 o Lo b aSl s Aoz o € 365D Log ) o Tgid

44)91‘5,0 Sg>g Ay odﬁ)' S9>g0 4O 67\'.»4‘5 ‘sa.lim‘ SYMWS| as d..;)‘d S99 )..\.a szi.n) ua.’LQ.’ (O
g mp & > g T« Polydactyly : ((LaSTs L) Sl Wi » e gl
oS sl oo Lali 45l 5l ale wges TP Syndactyly : ((LaS1 ) LS|

HEOW- 10}

h) (SN diz > Camdg 4 M lylew 4 by po o (SIS 9 »glai
Hrithick : nhg) St 2 (e oo (sl pauai .« Polydactyly: ( JLasts

WSRO (oo b 1) « (JuiSTs (Lo » 4 Mo (guid (5 adw yib « Roshan




y / 1\
~, HY
v JJ WIWEW s

LSS (g B A Cardg 4 Mo oyl jlows 4 b jo s (B1,5 g gl

Crew g o AP A Mo Hlows SO i G Gyl el (LSS o)

(S1s b)) il woz » g « Syndactyly : (( LaST1o ) oLt
B (o0 UL"“" C)L"}M Sy A ‘) « POlVd&CtYly :

390 olyeils 5o b Ll » 0gdle « Polydactyly : ((JLasTs L) £l iz »
00,5 oo abiodo ji b ol g b 4,5 alos




AN

Lﬁ\g;: % ‘%} & 2 ) B W S

S €A 3l o (598 la (s ilom 4 b soles (5,0l il la gl o8, e
RN DX

Q410 0925 dezmex slo leduinl o (gam SISl OWST ol S8 sl Jlie y ogdle (o
3,5 (o8 p (5 anlS gl o mily la s lial crge 5wl (o0 jep W g a8
590 ke 4 L ™« Scaphocephaly : (( Jliw ¢8lKuwl) AL pw » ygmon SYl>
(Jlw  g5M) oy » T«Dolichocephaly:  Jlw ¢Sdgo»
s> MM Trigonocephaly : ((Jliw g5 »5) o o » (V< Plagiocephaly :
(Jlhw 955%m) Szg5 ww » [T«Brachycephaly: (Jbw Slp) e
> el Jue T« Hydrocephaly 1 Jlwwgyuuwd » 5 TP« Microcephaly

il o0 deme SISl o (5 lmial

B39 iz yo « Trigonocephaly : ((Jlw 93955 ) Gbio pw » (5 il

%ﬁ
1o
RS
9
)

Yy




— e
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One week progress
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Moderate

Lateral deformational
plagiocephaly

Key findings: Flattening on back of skull  Ipsilateral ear anteriorly Ipsilateral temporal
only displaced, ipsilateral skull growth
Jfrontal bossing

Posterior
deformational
plagiocephaly

Central posterior Widening of posterior Temporal bossing
deformity skull
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