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Abstract Introduction

Cryptorchidism is not a single disease; it Cryptorchidism is failure of one or both testes
apparently results from failure of one of at lebsb to be_ pos'“of‘ed in the scrotum at_the time nqrﬁnah
functions involving products of Leydig cells. species. Typically, cryptorchidism is detected ightor

Cryptorchidism is symptomatic of underlying testissh%rﬂy thereaf:]e_z(;._ Postpubertal abnormalltles aaj;exj_ |
dysgenesis. Precise terminology is important g/t cryptorchi |sfm (e.g(.j, testis htumors, aty||0|cad
distinguish and understand three phases of tesfigncentrations of reproductive - hormones, _altere

descent. Abdominal translocation involves holding gﬁ)erma(tjogene&s n scrota]}l testls,)bzre notl c?meq
testis near the internal inguinal ring plus slighf'€vated temperature of ‘an abdominal location

downward migration, via an enlarged gubernaculu Veeramachaneni, 2006), but as a delayed manif@stat

(InsI3 obligatory) as the abdominal cavity expandQI #estils d.ys_gen.esri]s.bSuch_dunde_rIyingltestishdyssgjen
away. Concurrently, a cylindrical evagination of°! '€tal origin might be evident in males who aret n

peritoneum invades the gubernaculum, cremast pyptorchid. The concept of a generalized testicula
muscle(s) develop within the gubernaculum, and tHgY>9€NesiS syndrome (TDS) is considered by Sharpe i
cephalic ligament regresses (testosterone  ngt> volume (also Skakkebackt al, 1998, 2001;

obligatory). Transinguinal migration moves the igest ajpert-De Meyts, 2006; Sharpe, 2006).

through the abdominal wall, via the inguinal canal 668 Earl_yé rzport_sdon cryptforch|d|sm (€., d§ Graal,
distended by the gubernaculum. Inguinoscrot ) prowde e\(ljl gnce of two olr morg ISeases,
migration involves subcutaneous movement ecause undescended testes are not located arsocom

gubernaculum, vaginal process, epididymis, andstést hon-scrotal site. Neverthelless,. the generall paruept
proper positions in the scrotum. Directional guickais 12d been that cryptorchidism is a single diseadé wi

provided by chemoattractant calcitonin gene—relate'gi]older".’Ite heri:ability, incomplet_? penetrance, esged d
peptide, secreted by the genitofemoral nerv8MY N males (sex specific expression), an
(testosterone dependent). Probably incidence gpncentrated by inbreeding or minimized by culling

cryptorchidism is higher in companion animals ogspi a ected males and all siblings. However, the nmotba
than in cattle or sheep. In dogs and horses, ineeta single-locus gene problem gave way to acceptanee of

testis most commonly is abdominal. In horses, mit npolygenic _rece_ssive r_nodel, based on relatively kmal
other species, retention of testes within the ingui StUdr:eSh_\I'(‘;'th p:gslggéttmaréndand VC\:/oodhousle9,7éL.977,
canal is common. In humans, subcutaneous test%gtl senl Iet2a0'01' I) ag ?gs( oxetCaI,_ | I,
predominate. Overall, cryptorchidism usually islé%in ?t al, d ); sso bata orllr_nen_ (>22%'m a,
unilateral; scrotal testes in unilateral cryptoccinales ): Lis evident that abnormalities in ' genee
often produce fewer than normal numbers of sper ssociated with humqn _cryptorch|d|sm (Klon'ﬁhal'.’
with an increased percentage of abnormal sperm- N hb04) and, currently. It IIS dr_;\ccepted t.hat CWF’“I"#‘"‘ d
cryptorchid siblings might manifest similar testmu "3S _Many causes including genetic, epigenetic, an

dysgenesis. Although risk of tumors is greater fofnvironmental components.
cryptorchid males, non-cryptorchid males also dgvel

X . Terminolo
testis tumors. Germ cell tumors are most commaiogs vy
and horses. Leydig or Sertoli cell tumors are moisual in For reasons detailed elsewhere (Amann and
dogs. Testis tumors rarely are reported for cafllgs, \veeramachaneni, = 2007), certain traditional

sheep, and rabbits; in cattle Leydig cell tumoestaice as nomenclature does not adequately describe where a
common as Sertoli cell tumors. Producers and veteains testis was found or when in the process of testizent

should recognize that inadvertent exposure of g@e normal process went wrong. Hence, this review
pregnant dam to estrogenic or anti-androgenic agemfefines and utilizes precise terms and nomenclature

could result in testicular dysgenesis. equally applicable to companion, food-producing, or
wild animals; rodents or rabbits; and humans.

Keywords: cryptorchidism, testis descent, testis Testes are found in one of four general

dysgenesis, testis tumors, terminology. locations:  abdominal cavity, inguinal canal,
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subcutaneous, or scrotal. The distinction betwegpositions in the scrotum.
inguinal and subcutaneous locations is important. What went wrong during testis descent, in a
An abdominal testigs within the abdominal simple sense, can be deduced from observed testis
cavity, typically between the kidney and bladdenear location and knowledge of the process. Three taras
the internal inguinal ring. Distinction between gimoal needed, but unfortunately and illogically some atgh
vs near inguinal locations is important becauseight have combined the latter two, without differenbati
point to underlying cause. An abdominal testigeflects failure to initiate
An inguinal testiss within the space limited by and complete abdominal translocation of the testis,
the internal and external inguinal rings. At leést the testis is not poised near the internal inguiad,
horses (inguinal canal might be 10 cm long), positi but rather near the bladder or part way between the
should be precisely defined (Beltran-Brown andnguinal area and kidney.

Villegas-Alvarez, 1988). An inguinal testisreflects failure to initiate and
A subcutaneous testissually is found in the complete transinguinal migration of a testis.
femoral triangle, but ectopia of the vaginal praces A subcutaneous testieflects failure to initiate

might place the testis at some distance or nearaad complete inguinoscrotal migration of a cauda
malformed scrotum. Unfortunately, imprecision inepididymidis and testis, from outside the inguicahal
defining testis location typifies literature on mior rats to their final destination in the scrotum.
administered an agent which might affect testicees In horses, many retained testes are within the
and the uninformative “ectopic testis” (i.e., abmal inguinal canal per se and few are subcutaneous é€ox
location of testis) often is used to describe lmeabf a al., 1979; Rodgerson and Hansen, 1997), but testes
testis not within a normal scrotum or within thewhich actually are subcutaneous often are clasisifie
abdominal cavity. inappropriately as inguinal (Genetzky, 1984). In
A scrotal testisis found, and remains, in a humans, however, most undescended testes are
scrotum located at the site typical for that spgciesubcutaneous in the groin, just outside the externa
However, in rodents and rabbits testes can mowanih inguinal ring, or near the neck of the scrotum @éuiet
out from the lower abdominal cavity throughout lifss al., 1992, 1997). It is imprecise to attribute both
the inguinal canal never constricts. Occasionally, inguinal and subcutaneous testes to failure of
scrotal testis might later be retracted permaneintly “inguinoscrotal testis descent”; as discussed bglow
the inguinal canal (retractile testis) or a teisially different regulating mechanisms likely are involved
deemed to be inguinal or subcutaneous might later b
positioned permanently in the scrotum (late degcent Testis descent
Such migration is more common in horses, humans, or
pigs than in cattle or sheep.
To stipulate discrete phases in the overal

To present an overview applicable to common
pecies ranging from mice and rabbits to bullsarsés,

process of testis descent, three terms are needeel st is _corr_1pi|ation rein_terprets some informz_ﬂion iy
there are four general locations (see above). Tipéjbllcatmns. This is done with benefit of recent

following terms are descriptive of the process anel informatipn and WithQUt discounting _ underlying
useful with any species observations in classic papers based on many

Abdominal translocation of the testisflects dissections. Literature was cited extensively and
what happens during the first phase. At the enthisf concepts were discussed in Amann and Veeramachaneni
phase, the testis is positioned at the inner irauimg (2007), which should be consulted. Here the aieaise

(ready to enter), with the cauda epididymidis juighin  °f cOmprehension.

the inguinal canal. The absolute distance betweensﬁructures involved

testis and inguinal area changes little during fiase.

Rather, the testes “stay put” as the fetus grovasthe The crucial starting point is differentiation of

distance between locations of testes and kidnegiengi g5 indifferent gonad to a testis (Rajpert-De Meyts,

by slight “downward” relocation to the developimner 2006; Sharpe, 2006; Amann and Veeramachaneni,

inguinal ring (Wensing, 1968; Shonet al, 1994a). 2007). In brief, primordial germ cells (PGCs) migra

Hence, the widely used “abdominal descentfrom the hind gut to the gonadal ridge. Then, ie th

overemphasizes what occurs. male, mesenchymal cells move into the developing
Transinguinal migration of the testjgertains to gonad, proliferate, surround the PGCs, and diffia

movement through the abdominal wall, from an abdami into fetal Sertoli cells. Shortly afterwards otheells

to a subcutaneous location. This is a rapid process from the mesonephros arrive (later become periaubul
Inguinoscrotal migration of the testitescribes myoid cells) to organize nests of fetal Sertolis@lus

the third phase. It covers the quest of the guleeloen  pGCs into  seminiferous cords. Finally, other

for the Scrotum, which can be rather distant frdma t mesenchyma' cells migrate into Spaces among the

external inguinal ring, and consequent movemerthef seminiferous cords and differentiate into fetal digy

attached cauda epididymidis and testis to propgells. The interval between entrance of PGCs ihto t
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indifferent gonad and differentiation of the gortada rabbits or other species, are detailed in Amann and
functional testis is <14 days. This happens neadfeeramachaneni (2007).
gestational day 14, 33, 35, 40, and 41 in the malsg,
pig, horse and bull. Within 2-3 days after arrivigtal
Leydig cells achieve maximum production of
testosterone (as a fetal structure, on a per grasish
and probably insulin-like peptide 3 (Insl3). Inita
testosterone is produced constitutively, but |&eRH
and LH come into play to regulate the process.

As the testis is formed, a thin fold of
peritoneum covering the gonad evolves as the nasanc
to suspend the gonad dorsally from the mesonephhes. B
same fold continues cranially as the cephalic ligjatm
(cranial suspensory ligament) and caudally as tiséepior
gonadal ligament (epididymal ligament; Fig. 1A).eTh e
gubernaculum originates early in development fror muscle
mesenchymal cells among muscle fibers of the abammi
wall, grows into the peritoneal fold forming thesperior e —
gonadal ligament, and soon dominates the fold ¢anda VRIS prcss.
where it fuses to the mesonephric duct. The derianca
between the gubernaculum and posterior gonadahdiga
is where the cauda epididymidis later transitiomshtte C
deferent duct. Scrotal swellings become evideneutite
skin, although they are not in the final locatiar the
scrotum.

Hunter (1762) coined the term gubernaculun
and described its structure. He slightly modifieid h
description and then (Hunter, 1786) wrote “... \bhiat
present | shall call the ligament, or gubernacutastis, —
because it connects the testis with the scroturd, a swelling ™ Infravaginal

seems.to direct its course through the rings of tI“TQQure 1. Abdominal translocation of the testesain
abdominal muscles. ... it is certainly vascular anflnica| animal, the horse. The testis is formed at
fibrous, and the fibers run in the direction of thegestational day (GD) ~40 (not shown), by GD 55 the
ligament itself which is covered by the fibers @Bt fo,5 is developing and abdominal translocatiorihef
cremaster or musculus testis, placed immediatéiynde qqtis has started. Note that the gubernaculuméste
the peritoneum.” We now know that the gubernaculuoy within the abdominal wall to the mesonephric
is rich in hyaluronic acid, glycosaminoglycans, andyct fusing with it where the cauda epididymidiset
collagen; it often is described as gelatinous aigoit iy gevelop and continue as the defererent dutte T
has co.llagen fibers and the cells proliferate Cg”'nvaginal process has started to invade the gubeimacu
expansion. B, a view at GD 75 shows that the testis remained ne

Clearly, Hunter stated that the cremastefyg neck of the bladder although the fetus grewe Th
muscle covers the gubernaculum and, hence, coeside,

uinal ring is evident, and the stripe-like crestea
them as separate structures (but see van der SCh?ﬁgscle is forming against one surface of the cylaad

1996; Amann and Veeramachaneni, 2007 for furth?faginal
details). This distinction between the gubermnacudmd ., qj6cation near GD 175. The gubernacular cord is

cremaster muscle(s) is unequivocal in reports pen@ ¢, regressed, and the gubernacular bulb hasnelet

to non-rodent species, but in most reports on rsden ¢, ihrqugh the inguinal canal, the cauda epididijsis
rabbits the cremaster muscles are considered as)fparwithin the inguinal canal, and the testis is positid at

the gubernaculum. This inclusive usage hampefRe inner inguinal ring. Relative size of the tesi
ascribing observations to mechanistic problems.,(€.g,,,ch greater in horses than other species. Nataie.s

development of the gubernaculum per se is affebfed gaseq on Bergiet al (1970) and other literature.
lack of Insl3, cremaster muscles are not affectgd b

InsI3, development of the gubernaculum per se ts no

affected by anti-androgen, cremaster muscles &g ioneym invading the underlying gubernaculum

affected by anti-androgen).  Herein, the terMyin the abdominal wall to form the vaginal prese
gubernaculum” excludes the cremaster muscles @r tI?Fig 1). In most species, evagination starts edrly

vaginal process. Formation of the gubernaculum angqiation, shortly after formation of a testis dadg
cremaster muscles, and differences between rodedts pofore completion of abdominal translocation otdss
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The vaginal process divides the gubernacular ntib i plus gubernaculum caudally (Fig. 1A). Initially,thahe
three areas (labeled in Fig. 1C): proper, centvathe posterior gonadal ligament and gubernaculum aret sho
cylindrical vaginal process and continuous with thand thin. Leydig cells in the rapidly evolving fsst
gubernacular cord; vaginal, concentric and outside secrete Insl3 and testosterone. Under stimulatibn o
vaginal process; and infravaginal, cup-shaped atwigen Insl3, the extra-abdominal gubernaculum expands and
the invading peritoneum and distal tip. In rodeatsl invades deep into the abdominal musculature (Fgj, 1
rabbits, however, initial evagination of the vagjipeocess to anchor the testis. The vaginal process invatles t
occurs neonatally, just before completion of abdw@hi gubernaculum (especially conspicuous in Fig. 1@) a
testis translocation discussed below. grows downward as the gubernaculum increases én siz
A striated cremaster muscle(s) is formed by estosterone might facilitate gradual dissolutidrthe
myoblasts, migrating from the muscles of the abaami cephalic ligament, which elongates as the abdominal
wall and/or differentiating from mesenchymal cdalls cavity expands. Consequently, the testis is rethine
the gubernaculum. The cremaster muscle is strige-lithe inguinal region and the distance between thgste
in companion and food-producing animals, or humanand other structures in the abdomen (e.g., kidney)
and invades the vaginal portion of the gubernacutm widens. At final abdominal positioning (Fig. 1Chet
the lateral aspect of the developing vaginal precés cauda epididymidis is just within the inguinal chaad
rodents or rabbits, concentric cremaster muscléke testis is near the internal inguinal ring. Aisttime,
develop and encompass the proper portion of thelative length of the posterior gonadal ligamest i
gubernacular bulb. This results in formation of aariable, so a testis might not be hard against the
“gubernacular-cremaster complex”, one on each sideguinal ring. Although the testis grows in all spes, in
(Fig 2A). The gubernacular-cremaster complex inetud horses the testis becomes very large (primarilyvtro
the intra-abdominal gubernaculum and both cremastef interstitial tissue) by the time it is positi@heear the
muscles, but excludes the thin connection (gubetaac inner inguinal ring.
cord) extending to the mesonephric duct and theaext In rodents and rabbits, as in other species,
abdominal gubernaculum. We recommend and use tfegmation of the vaginal process is a feature of
term gubernacular-cremaster complex, rather thabdominal translocation of a testis. Hence, it &hde
“gubernacular cones” commonly used in literature oimcluded in the first phase of testis descent. Bie |
rodents and favored by van der Schoot (1993, 199@&jestation, the gubernacular-cremaster complex has
because this makes clear that the complex has tf@rmed and assumed a conical or cylindrical shape
elements and recognizes that they have differdissro protruding into the abdominal cavity (Fig. 2A) ihet
during testis descent and later in adults. The a@éxu femoral triangle area. Then the base of the
dimorphic genitofemoral nerve (not shown) is catrie gubernacular-cremaster complex “sinks” slightlydvel
downward with the gubernaculum and innervates thbe plane of the abdominal wall, accommodated by
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cremaster muscle. slight cylindrical down-growth of the peritoneahilng
(Fig. 2B). This is the first evidence of the formin
Process of testis descent inguinal canal. In other species, this phenomenon

happens much earlier. By this time, the gubernacula

There is limited information on regulation of cord has fully regressed, so that the cauda epidlitiy
testis descent in common animals, although theee as positioned against the abdominal face of therréut
good descriptions on changes in morphology. Henceaginal process and, hence, in close proximityh® t
this summary is based on what is known from modéhtra-abdominal gubernaculum per se or the mustle o
animals, augmented with data for companion or foodhe gubernacular-cremaster complex. In any case, th
producing animals. testis is positioned near the entrance to thefstithing

Abdominal translocatiomesults in positioning inguinal canal. Abdominal translocation of testes i
a testis near the developing internal inguinal .rifje completed (Fig. 2B) around gestational day 28 in
extra-abdominal portion of the gubernaculum becomeabbits, postnatal day 1-2 in mice, or postnatyl 4i&
longer and wider, but there is little change in thén rats (Elderet al, 1982; Shoncet al, 1994b, 1996;
distance between a testis and the inguinal area.bmll Lamet al, 1998).
fetus, distance from a testis to the internal ingliring In large animals such as horses, at the end of
decreases by 4 mm whereas the distance from testisabdominal testis translocation the gubernaculum and
kidney increases by 13 mm, during the time frameaginal process extend far below the newly formed
required for abdominal translocation; distance fritva inguinal canal and the testis is positioned agaihet
internal inguinal ring to kidney becomes >25 mmnternal inguinal ring, with the cauda epididymidis
(Edwardset al, 2003). In rats, distance from a testis to thithin the inguinal canal (Fig. 1C). In most spegithis
internal inguinal ring decreases 0.3 mm wheredss tesa position is maintained for some time, like a “pduse
kidney distance increases 4.4 mm (Shenal, 1994a). between 2 separate processes. During the pauseebefo

The testis is suspended by the cephaliactual transinguinal migration, the gubernaculatbbu
ligament cranially and the posterior gonadal ligate enlarges greatly (see Fig. 7 in Gier and Mariory9
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due to stimulation by InsI3, and the gubernaculurthe gubernacular cord has brought or attachedéhdec
dilates the inguinal canal to allow passage oftdstis epididymidis (connected by regressed posterior daha
during the next phase of descent. The pause algbtmiligament to testis) to the apex of the vaginal pesc
allow maturation of certain nerve tracts, and #ied is covering the gubernacular-cremaster complex, wisch
growing. recessed into the abdominal wall but still protudeo

In rodents and rabbits, at the end of abdomindghe abdominal cavity. In contrast to other specibs,
testis translocation the gubernacular bulb and nagi cauda epididymidis is not within an inguinal canal,
process still are relatively short (Fig. 2B). Resgien of  although evagination of the vaginal process is orgo
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(Extra—abdominal D
gubernaculum
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Figure 2. Late abdominal translocation and transgimg migration of the testis in a rodent
or rabbit. Unlabeled red arrows designate leveblbflominal wall.A, in these species,
during abdominal testis translocation the intraeahohal portion of the gubernacular bulb
becomes covered by concentric layers of cremastiecle forming what might be termed a
“gubernacular-cremaster complex”. The gubernacatad already has shortened in this
view. The gubernacular bulb has an extra-abdonpiagtion as in other species (e.g., Fig.1).
B, at the end of abdominal translocation, early eat@gn of the vaginal process is evident,
the gubernacular cord is fully regressed, andébtstis poised to pass through the inguinal
canal as it formsC, transinguinal migration is initiated by intussegtion of the cylindrical
vaginal process and cremaster muscles concurreht diminution and migration of the
infravaginal portion of the gubernaculur®, transinguinal migration is completed by
straightening of the vaginal process and cremastescles. Not to scale. Evolved from
Rajfer (1980), Eldeet al (1982), Wensing (1986, 1988), van der Shoot alger§1993),
Shonoet al (1994a, 1996), and other literature.

The relative points in fetal development whemrequires reduced absolute size of the testis and
abdominal testis translocation is initiated and ptated distension of the inguinal canal by the gubernatulu
differ greatly among species (Fig. 3). In cattleed sufficient to allow the testis to enter and rapidipve
rabbits, and rodents the process is relatively tshahrough (Fig. 4). Incompatibility between testizesi
(<20% of the length of gestation) whereas in homes and diameter of the inguinal canal is considered by
pigs it requires >50% of gestation. Reasons fomtitke some to be a contributing factor to abdominal
range in time required for abdominal translocation, cryptorchidism in stallions. Force of abdominal
either a relative or absolute scale, are not eviden pressure on the testis might drive its migratiomtigh

Transinguinal migration in most species the inguinal canal.
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of the proper portion of gubernaculum and growth of
the pup, serpentine intussusception of the cylinafer
cremaster muscle occurs and, as it unfolds, itrassu
an U-shape around the cauda epididymidis and testis
This brings the cauda epididymidis and testis tghou
the newly formed inguinal canal and outside the
abdominal wall (Fig. 2D), with the cauda epididymid
still associated with the infravaginal portion diet
gubernaculum. At this point, transinguinal testis
migration has been completed, but the infravaginal
gubernaculum, cauda epididymidis, and testis remain
some distance from the tip of the developing sermotu
Actual transinguinal migration of the testis is
thought to be rapid; a few days at most even iargel

Figure 3. Approximate timing of testis formationdan mam_mal. The gubernacul-um_ per se p.mb"’?b'y has a
ssive role other than dilation of the inguinahaa

. . . a
abdominal translocation of the testes in commo ) }
mammals. For each species, consensus gestatiomal g%jansmg and Colenbrander, 1986) and anchoring the

when events were detectable in fetuses were scaf§ da epididymidis with a'gtached testis as thesfetu .
relative to gestation length. The exactitude opewborn grqws._The main force moving the testis
demarcations mask variation and uncertainty in wdren through the m_gumal canal |s_thought to be dowrnivar
event starts or is completed due to differences jpressure of viscera and peritoneal fluid enh_ancy;-d b
development among individual fetuses, error iIffmchorage of the gubernacular bulb, expansion @f th

establishing gestational age, the dissection psoceé’a%mal prlocess,_ r?tndh g:ovvtr;_ ?\II the abdomen. The
investigator interpretation, and how data are priesk gu ernalcu um mig tSI orten ?.'g fy testis.
in publication. Despite limitations, this approac%eIOWt nguinoscrotal_migrationot a ests, irom

facilitates species comparisons. Testis differéiotia i ”he ?_Xternal mgumalt nng (F'% tﬁB) tobé?ﬁfr:
occurs at the start of the green bar for each speand scrotal focation, requires extension ot tneé gu

that “opens a window’ when an endocrine disrupto nd enclosed vaginal process to the tip of thetsiero

agent could irrevocably affect a testis. Speciédin N SOME Species, the_ extra-abdominal gubernaculum
when testes differentiate. Time required for abdahi might extend partway into the scrotal folds welfdre

testis translocation ranges froh6% in cattle t057% transinguinal testis migration, but b(_acause of lfeta
horses. Length of gestation, in days, was assumbd:t growth both the guberr]acu_lum and vaginal processt mu
cattle, 281; mule deer, 203; human, 268; horse, 887 grow in the proper direction to reach the tip oé t.h
114; dog, 60; rabbit, 31; and mouse, 20. Compitechf scrotum. In rodents and rabblts the extra-abdominal
the literature. Note: Klonisckt al. (2004) presented a gubernaculum, - with yagmal Process, extend
somewhat different comparative summary, ”kelfubcgtangously a rglatn_/ely_ short dlstancg when
reflecting different interpretations of publishedtranSIngulnal testis migration is completed (Fif)2

descriptions of fetal dissections in respect to mtestes ?hUt are.no} into the scrgtun;). In all Ispemes, amL?b;ft
are poised at the inner inguinal ring. e vaginal process and gubernaculum over a sutzdtan

distance from the external inguinal ring is reqdirte
allow the gubernaculum to bring the cauda

Transinguinal testis migration in rodents anoepididymidis, and hence the testis, to a propeation.

rabbits (Fig. 2C, 2D), as redistilled from the fiture Scrotal swellings or folds develop early in fetal
by Amann and Veeramachaneni (2007), is similar tg€velopment (Fig. 1C). However, in some specieg, (e
that in other species if one includes initial fotioa of ~ Pull, horse, human) they must migrate a considerabl
the vaginal process under abdominal translocatog,( distance to the final location of the scrotum. Tinisans
Fig. 2B). However, in rodents or rabbits the caudthat the vaginal process, gubernacular bulb, and
epididymidis already is attached to the developingpididymis plus testis must follow.

vaginal process surmounting the infravaginal Directional guidance crucial for inguinoscrotal
gubernaculum. Near postnatal day 2-8, the crenastetestis migration is important in all species. This
component of the gubernacular-cremaster complé@pparently is provided by calcitonin gene-related
develops a serpentine or ill-defined appearancg. (FiPeptide (CGRP) released from the genitofemoral erv
2C; Elder et al, 1982; Lamet al, 1998), with a (sexually dimorphic, with androgen receptors in ¢eé
diameter (across the proper portion of théody) descending down with the developing
gubernaculum) greater than that of the testis. Viith gubernaculum and cremaster muscle. Testosterone
relatively large infravaginal gubernaculum extemgin Stimulates release of CGRP, which is chemoattractan

along the external face of the abdominal wall, otidm  @nd induces the developing tip of the gubernacuam
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grow towards the source of CGRP (Hutstral, 1998; descent. Studies using estrogenic and anti-andimgen
Huston and Hasthorpe, 2005; Ngt al, 2005). molecules in cattle and pigs, as well as rabbddents
Assuming this occurs in all common mammals, factorand humans, establish that expression of Insl3 and
controlling outgrowth and direction of the genitoferal testosterone must occur in different critical time
nerve would have a critical role in final positingiof windows. During abdominal testis translocation,|3ns
the testis. Also, lack of testosterone at this ticoelld and testosterone probably are provided by Leyditg ce
result in malpositioned subcutaneous testes. to nearby tissues in a paracrine fashion. By the tof
inguinoscrotal migration, GnRH and LH are involiad
regulation of testosterone production by Leydiglssel
the hypothalamic-pituitary-gonadal axis apparerifly
operational.

Abdominal testis translocation is blocked by
elimination of Insl3 or Great genes in mice, or
inactivation of their products (Klonischt al, 2004).
Expression ofinsI3 gene can be blocked by estrogenic
molecules (Nefet al, 2000), because they bind to
estradiol receptor present in Leydig cells and segges
transcription of thelnsl3 gene. The gubernaculum
remains under-developed, can not retain the tests
the neck of the bladder, and the testis is moved
cranially. An anti-androgen with high affinity for
androgen receptor (e.g., flutamide) can competd wit
testosterone for sites on androgen receptors in the
cephalic ligament. However, in both pigs and rats,
administration of flutamide at appropriate timesidg
gestation did not affect abdominal translocationaof
testis in most fetuses or litters (McMahenal, 1995;
Mylchreestet al, 1999; Spenceet al, 1991), although
differentiation of mesonephric duct usually was
blocked.

In respect to transinguinal migration of testes,
blocking action of testosterone with flutamide ubkua
has no effect. In rat studies cited above, 82 aft 8f
testes were found outside the abdominal cavityupsp

Figure 4. Transinguinal migration of the testesain from pregnant rats administered flutamide. Simylan
typical animal, the horse. The transition from ABo the pig study, 95% of testes were outside the abuaim
requires a few days and in horses typically occu@avity; 42% were subcutaneous and 53% were in the
between GD 290 and GD 30, the testis has become Scrotum. Clearly, testosterone is not obligatory fo
smaller in both relative and absolute size (critinghe transinguinal migration of a testis.

horse) than in Fig. 1C, and the gubernaculum has Inguinoscrotal migration of testes requires
distended the inguinal canal and extended withigvailability of testosterone, but not InsI3. Ingeserotal
subcutaneous tissue towards the scrotal foRjsthe testis migration is blocked in null-mice lackignRH-
testis is almost entirely through the inguinal dahmt Promoter GnRH LH, or LH-receptor genes; hence,

to scale. Based on Bergiat al (1970) and other Leydig cells no longer have constitutive capacity t

literature. secrete testosterone (Hutsetral, 1997; Klonisctet al,
2004; Huhtaniemi and Poutanen, 2004). Similarly, in
Sequential control of testis descent boys displaying failure of inguinoscrotal migration

(testes below the external inguinal ring) the main

There is a large number of genes and gerfiiological factor was impairment of the hypothaiem
products involved in regulation of testis descenRituitary-testis axis (Hadziselimoviet al, 1984). Prior
(Klonisch et al, 2004; Basrur and Basrur, 2004;t0 or early during migration of a testis from theegnal
Huhtaniemi and Poutanen, 2004). It is obvious thag inguinal ring to deep in the scrotum, it is likellyat
minimum, products ofnsl3, Great androgen receptor testosterone masculinizes the genitofemoral nent a
and CGRP genes plus testosterone must be availablgduces it to secrete CRGP which bind to its remepin
during critical points in development (Fig. 5; Anman the tip of the gubernaculum to help provide migrato
and Veeramachaneni, 2007), and various molecules pdirection. Concurrently, it is likely that testosiae
transcription factors probably are obligatory for &€Xerts negative actions to regress the gubernabular
normal differentiation of the testis and testiculain terms of volume and molecular composition. Also,
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testosterone might induce closure of the inguirzadat Prevalence of cryptorchidism
(except in rodents and rabbits) and final regressib
the cephalic ligament. For almost all populations, unilateral

Studies with exogenous agents, or null-micegryptorchidism is far more common than bilateral
might lead one to conclude defective gene exprassigryptorchidism. Among cryptorchid males, a unilater
was an important cause of cryptorchidism. Apprdpria Phenotype represented 78, 90, 45-70, 81-93, 6689,
studies apparently have not been undertaken witd fo100, and 62% for cats, cattle, dogs, horses, humans
or companion animals. However, comprehensivBigs. rabbits and sheep (Amann and Veeramachaneni,
analyses of gene sequences in cryptorchid menlesl/ea2007)- The only known exception to this is for aque
thatInsI3 or Greatgenes were aberrant in 3-5% of suctpopulation of Sitka Black-Tailed Deer on the Alkli
individuals (Ferlinet al, 2003; Klonischet al, 2004; Peninsula of Kodiak Island, Alaska. There, among 13
Roh et al, 2003) and aberrargndrogen receptoror hunter-killed males examined carefully, 69% were

: - bilateral cryptorchids and another 7% were unikdter
0,
?fg;ﬁgge;e;:leF;tggg-nézrgh;tl:l&zgggyptomh'd mencryptorchids (unpublished update of Veeramachaegeni
' ' ' al., 2006a). In these deer, all undescended testesiwe

the abdominal cavity, typically part way betweer th
kidney and internal inguinal ring and displayinghén,
underdeveloped gubernaculum.

Location of undescended testes differs greatly
among species. For cats, dogs and horses, 50, ®2 an
47-60% of retained testes were in the abdominatyav
although 1 report for horses gave 33% abdomina (se
Table 1 in Amann and Veeramachaneni, 2007). There
are no reliable data for pigs, but subcutaneoustimaes
might predominate. For humans, abdominal retention
was less common (~8%). Because of imprecise
descriptions in some reports it is possible thab@®%
of undescended testes were within the inguinal Icana
However, a better conclusion probably is that almos
90% of undescended human testes were subcutaneous,
just outside the external inguinal ring or nearrikek of
the scrotum. In humans, perhaps two-thirds of cases
self-correct within 3 mo, with descent after 3 mo
unlikely (Hutsonet al, 1997; Barthold and Gonzalez,
2003). A similar phenomenon is reported with dogd a
horses.

Eradication of cryptorchidism

Figure 5. Regulation of testis descent. Abdominal ) ) o
translocation of the testes involves positive actio Reduction in occurrence of cryptorchidism
(green) of InsI3 to stimulate growth and expansién Should include trying to eliminate exposure of et
the gubernaculum. Concurrently, testosterone exertsfémales to environmental agents likely to be esnig
negative action (red) on the cephalic ligamer@r anti-androgenic, or toxic via other mechams‘r_lf‘rss
facilitating its gradual regression. Both hormorsme IS Not easy, as most exposures are unintentiordl an
produced constitutively by fetal Leydig cells aridcoto ~ Unknown. However, there is strong evidence tharedt
receptors in target tissue. Completion of the psecefétal development can occur at concentrations of
requires testosterone from differentiating Leydigls ©strogenic or anti-androgenic agents not causing
(under stimulaton of LH) to masculinize thedetectable damage to the dam or other adults (&bre
genitofemoral nerve (GFN) and stimulate productiol, 2006; Sharpe, 2006; Damgaaed al, 2006).
and secretion of calcium gene-related peptide (C)GR|£oncurrent exposure to low concentrat_lons_of s_évera
Testosterone also might stimulate growth of theinelg agents of the same type (e.g., estrogenic) mighbs®
process. It is likely that these testosterone-media @ damaging combined concentration on fetal tisaties
actions have a greater role in inguinoscrotal gestfritical pointin development. .

migration than in transinguinal testis migration. all Ideally, unilateral cryptorchid males would not
species, CGRP apparently contributes to directionf€ used for breeding because there is risk thatréie

control as the gubernaculum seeks the scrotum gluridill be transmitted to progeny. Determination ofuad
inguinoscrotal migration. risk from breeding to unilateral cryptorchid males,
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the sire or siblings of cryptorchids, would be idifftt in  cryptorchid than  non-cryptorchid males.
and costly. However, special brother-sister matiofjs Classification of testis tumors in animals (Kennexty
dogs or pigs over several generations increases tale, 1998; Amann and Veeramachaneni, in preparation)
incidence of cryptorchidism (Coat al, 1978; Mikami groups them as: germ cell tumors including carciaom
and Fredeen, 1979; McPhee and Buckley, 1984). Tharesitu (CIS), gonocytic seminoma, and spermatacyti
is anecdotal opinion that, for horses or pigs, éhisr seminoma; non-germ cell tumors including Leydig cel
familial prevalence of cryptorchidism in some dines. tumors, Sertoli cell tumors, stromal cell tumorsda
Breeders of race horses or dogs, simply remowaenoma of the rete testis; mixed tumors; and tumor
an undescended testis from a valuable unilaterbke lesions including Leydig cell hyperplasia and
cryptorchid and then continue to use him for bregdi microlithiasis.
They do not eliminate parents or siblings from bieg Based primarily on data for humans, it is
stock. Most cryptorchid bulls are slaughtered anthought that CIS cells are formed, from primordjatm
unilateral cryptorchid bulls usually are not usemt f cells, early in testis development and later gige to
breeding. Cryptorchid boars typically are killedother types of germ cell tumors (Fig. 6; Almstrtpal,
neonatally as they are deemed unsuitable for bmgedi2004; Rajpert-De Meyt®t al, 2004). CIS cells are
and rearing to market weight would result in a aasc found in both abdominal and scrotal testes, withmut
with greatly reduced value [problem is with “boatos”  with overt evidence of other abnormalities (Giwearm
resulting from 5-androst-16ene-3one produced b3992, Hoei-Hanseret al, 2003; Veeramachanermit
remaining testis tissue]. To cull non-cryptorchidlenor al., 2001, 2006a, 1996b, 2007). Failure of testicular
female littermates, much less the dam, would im@ese descent per se does not explain the transformation
unacceptable economic penalty. primordial germ cells into CIS cells (Veeramachanen
2006).
Other abnormalities associated with cryptorchidism Tabulations on occurrence of testis tumors in
animals are inadequate to allow any meaningful
5estimation of prevalence within a species, becafse

For reasons evident in Fig. 6, fetal test under reporting and disparity in age when most mafe
dysgenesis resulting in cryptorchidism also migkt b™. b ) :
ysg g yp g different species are castrated or killed/die. Haoave

manifested in a diversity of other reproductive

abnormalities later in life. Importantly, non-crgpthid there alre |mp0r(tjant Species (?(lfferem?jcels £898m05t
males might display abnormalities in testis functar COMMOnly reported testis tumors (Kennexdal, '

behavior consequent to fetal testis dysgenesiss It Amann and Veeramachaneni, in preparation). Gerin cel

: - . .. tumors are rare in cattle, but there are approxat
known from breeding studies and pedigree analywsis t , ' .
g pedig ysi 4% Leydig cell tumors and 30% Sertoli cell tumors.

cryptorchidism is among man enetic condition : .
yp g y 9 §Ithough testis tumors are not common in horses,

displaying “incomplete penetrance”; not all animal ) _ < th it  testis tu

with abnormal DNA express the undesired phenotyp onocytic seminoma is the most frequent testis tumo

Also, it is not evident that an aberrant genomebants Orses, foIIo_wed by teratoma or Leydig cell tumors.
Spermatocytic seminoma accounts for 32-48% ofdesti

for most reproductive abnormalities. o d £ th aht b X
Environmental agents can produce a spectrur‘HmOrs in dogs (some of these might be gonocytic

of detected (and undetected) alterations in repribgi seminomas), with 27-42 % Leyd_ig cell_tumors and 20-
development (Sharpe and Irvine, 2004; Sharpe, 200 0% Sertoli cell tumors. Gonocytic seminomas areemo

A variety of animals including cattle (Veeramachaine ' ely to be invasive than spermatocytic seminomas
et al, 1986), horses (Veeramachaneni and Sawye(Ma'OI'no et al, 2004). In pigs, sheep, and rabbits, testis

1996, 1998), and deer (Veeramacharenal, 2006a) tumors are rarely_ reportgd. However, in the firgbt
“spontaneously” (i.e., in non-experimental situatip SPECIES gonocytic seminomas are most common

manifest TDS. Rabbits (Higuchiet al, 2003; whereas in rabbits Leydig cell tumors apparently ar

Veeramachanergt al, 2006b, 2007) and rats (Gray most common. . .
al., 2000, 2001) can be experimentally manipulated to For rodents, incidence of spontaneous testis
produce multiple lesions associated with TDS. ModHmors is dependent on strain, but not inordinat24a
important to individuals working with companion orMO of age. It might be higher in older rats thadeol
food-producing animals might be reduced productibn Mice (Clegget al, 1997; Cooket al, 1999; Biegel,
sperm and/or increased proportion of abnormal sperd®01). In both species Leydig cell tumors are hytlie
(Veeramachaneni, 2000, 2006). most common. In rats, incidence of Leydig cell tusno

Testis tumors occur in non-cryptorchid malesit 24 mo is 0.1-7.0%, except for Fisher 344 males o
as well as unilateral or bilateral cryptorchid nsale cross-breed animals with 76-94% of males developing
Abdominal location per se does not induce cellumors. In 24-mo old mice, incidence of Leydig cell
transformations (Veeramachaneni, 2006). Howeveis it tumors at 0.4-2.5% and Sertoli cell tumors at Oviéte
likely that testis tumors occur 4-11 times morayfrently  tabulated on the web site of one vendor.
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Figure 6. Schematic showing how testis dysgenasimg fetal development could result in an arraypadblems
including cryptorchidism, abnormal sexual behavadbmormal spermatogenesis, and a variety of testisrs. The
pivotal event is testis formation when progeniteli proliferate and are programmed to providel feddl types.
These undergo further programming and proliferatiftmllowed by further differentiation and proliféian or
cessation of cell division. For example, primordigérm cells (PGCs) to gonocytes to A-spermatogonia;
mesenchymal cells to fetal Sertoli cells with sediadly changing capabilities; or a different wasemesenchymal
cells to fetal Leydig cells (not responsive to Lid)adult-type Leydig cells (responsive to LH) pgrbavith further
changes in capabilities. Retention of primordialnot fully differentiated cell types in adults migtontribute to
tumor formation. Both unilateral cryptorchid and nperyptorchid males can produce abnormal germ cells
consequent to fetal testis dysgenesis. Based plynaar extrapolations from published data for rabbrodents, and
humans.

Deducing plausible cause of cryptorchidism typical anti-androgen usually would not result in
abdominal testes.
The spectrum of lesions detected can provide However, it is easy to overlook the possibility

clues concerning the possible cause(s) dhat environmental pollutants with a hormone-like
cryptorchidism. For example, for Sitka Black-Tailedaction might cause changes in certain cells indegen
Deer on the Aliulik Peninsula with 76% cryptorchidof mechanisms involving classical hormone recepbors
males, Veeramachanegti al (2006a) speculated that aneven their hormone-like action. For example, some
estrogenic environmental agent(s) was the moshemicals categorized as anti-androgens apparently
plausible cause, but did not rule out a long-stagdi have other impacts via still uncertain mechanisms.
epigenetic alteration transmitted via germ cells,ao Phthalate esters do not have high affinity for agen
classical gene mutation concentrated by inbreedingr estrogen receptors, yet administration to pregrets
Their favored speculation was based on location a@fiduces proliferation of Leydig cells rather thamely
undescended testes within the abdominal cavitgifferentiation (Wilson et al, 2004) and normal
underdeveloped gubernaculum associated with eafiimction. As another example, estrogenic molecales
testis, knowledge that if an estrogenic agent kddck far more likely to induce proliferative testicularmors
timely production of Insl3 during fetal developméhé than are androgenic or anti-androgenic molecules.
observed phenotype would be expected, and prevalenkction of an estrogenic agent (e.g., DES, octylmhen
of testis tumors including rete adenocarcinoma thatr estradiol) during critical periods of fetal déygment
could be induced experimentally by DES, an estrimgeninduced, in some animals: transformation of Sertoli
agent (Newboldet al, 1985). As discussed above, goeritubular, or Leydig cells and neoplastic lesiafs
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rete testis and/or cystic lesions of excurrent slucCzeizel A, Erddi E, Toth 1 1981. Genetics of
(Newbold et al, 1985, 2000); and transformation ofundescended testekUrol, 126:528-529.

cells
2000,

cells into CIS
(Veeramachaneni,

primordial germ
cryptorchidism

and/orDamgaard IN, Skakkebaek NE, Toppari J, Virtanen
2006HE, Shen H, Schramm K-W, Petersen JH, Jensen

Veeramachaneret al, 2007). Tumors in the rete testisTK, Main KM . 2006. Persistent pesticides in human

occurred transgenerationally without further expesaf

breast milk and cryptorchidismEnviron Health

descendents (Newbolét al, 2000). Mechanism of Perspect114:1133-1138.

tumor-induction in fetal testes is uncertain.
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