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Introduction. This work is devoted to the problem of embryology of the ears and kidneys.
First ear and kidney abnormalities were reported in 1946 by Edith Potter’s association of
crumpled and flattened ears with bilateral kidney agenesis. Ear malformations are associ-
ated with an increased frequency of clinically significant structural renal anomalies com-
pared with the general population. These include specific multiple congenital anomaly
syndromes, Townes-Brocks syndrome, branchio-oto-renal syndrome.The link can be ex-
plained by structural and functional similarities between tissues in the inner ear and in the
kidney. Also, toxins that accumulate in kidney failure can damage nerves, including those
in the inner ear.

Goal. To study the causes, clinical manifestations of Branchio-oto-renal (BOR) syndrome.
Materials and Methods. Review of modern and foreign literary sources; methods - de-
scription, analysis, abstracting.

Results and discussion. Mutations in three genes, EYA1, SIX1, and SIX5, have been
reported in people with BOR/BO syndrome. About 40 percent of people with this condi-
tion have a mutation in the EYA1 gene. SIX1 gene mutations are a much less common
cause of the disorder. SIX5 gene mutations have been found in a small number of people
with BOR syndrome, although researchers question whether mutations in this gene cause
the condition. Some affected individuals originally reported to have SIX5 gene mutations
were later found to have EYA1 gene mutations as well, and researchers suspect that
the EYA1 gene mutations may be the actual cause of the condition in these people.

The proteins produced from the EYA1, SIX1, and SIX5 genes play important roles in de-
velopment before birth. The EYA1 protein interacts with several other proteins, including
SIX1 and SIX5, to regulate the activity of genes involved in many aspects of embryonic
development. Research suggests that these protein interactions are essential for the nor-
mal formation of many organs and tissues, including the second branchial arch, ears,
and kidneys. Mutations in the EYA1, SIX1, or SIX5 gene may disrupt the proteins’ ability
to interact with one another and regulate gene activity.

Conclusions. The link between ear anomalies and kidney function can be explained by
structural and functional similarities between tissues in the inner ear and in the kidney.
Additionally, toxins that accumulate in kidney failure can damage nerves, including those
in the inner ear.

kidneys, ears, branchio-oto-renal syndrome, EYA1 gene.

Introduction. First ear and kidney abnormali-
ties were reported in 1946 by Edith Potter’s asso-
ciation of crumpled and flattened ears with bilateral
kidney agenesis. Ear malformations are associated
with an increased frequency of clinically significant
structural renal anomalies compared with the gen-
eral population. These include specific multiple con-
genital anomaly syndromes, Townes-Brocks syn-
drome, branchio-oto-renal syndrome.The link can
be explained by structural and functional similarities
between tissues in the inner ear and in the kidney.
Also, toxins that accumulate in kidney failure can
damage nerves, including those in the inner ear.

In the embryo, the kidneys develop from three
overlapping sequential systems; the pronephros,
the mesonephros, and the metanephros. They are
all derived from the urogenital ridge. The otic ves-

icle lies beneath the surface ectoderm enveloped
in the mesenchyme, forming the otic capsule. The
statoacoustic ganglion also forms during the for-
mation of the otic vesicle and splits into cochlear
and vestibular portions. The otic vesicle differenti-
ates to form all the components of the membra-
nous labyrinth and ultimately gives rise to the inner
ear structures associated with hearing and bal-
ance. The link between ear anomalies and kidney
function can be explained by structural and func-
tional similarities between tissues in the inner ear
and in the kidney.

Goal. To study the causes, clinical manifesta-
tions of BOR syndrome.

Materials and Methods. Review of modern
and foreign literary sources; methods - description,
analysis, abstracting.
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Results and discussion. EMBRYOLOGY OF THE EAR
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The external ear. The external auditory meatus
arises from the first pharyngeal cleft. It begins as an
invagination of ectoderm between the first and sec-
ond pharyngeal arches that extend inwards towards
developing middle ear structures. After 5 weeks,
the ectodermal diverticulum extends towards the
pharynx and contains proliferating ectodermal cells
that form a meatal plug that fills the entire lumen. At
ten weeks, the bottom of the meatal plug expands
circumferentially to create a disk-like structure. By
the thirteenth week, this disk-like plug comes into
contact with the primordial malleus medially, con-
tributing to the future formation of the tympanic
membrane. By the fifteenth week, the disk-like plug
splits, leaving behind a thin ectodermal cell layer of
the immature tympanic membrane. A continuation
of the thin skin of the pinna lines the entire external
auditory meatus and also the outer surface of the
tympanic membrane. The external auditory meatus
is completely patent and expands to its complete
form by the eighteenth week.

(https://www.google.com/search?q)

The middle ear. The tympanic cavity and Eu-
stachian tube originate from an extension of the
endoderm of the first pharyngeal pouch called the
tubotympanic recess. At 5 weeks, the tubotympan-
ic recess extends laterally until it reaches the floor
of the first pharyngeal cleft. The endoderm of the
tubotympanic recess and the ectoderm of the first
pharyngeal cleft are next to each other, with a fi-
brous layer derived from mesenchyme called the
lamina propria sandwiched in between. It leads to
formation of a trilaminar tympanic membrane made
up of three separate germ layers l.e. ectoderm, me-
soderm, and endoderm. The dorsal portion of the
tubotympanic recess expands to form the tympanic
cavity and is filled with loose mesenchymal tissue,
while the ventral portion develops into the Eusta-
chian tube. Anatomically, the tympanic cavity di-
vides into upper (attic) and lower (atrium) chambers
that surround the ossicles and other structures of
the middle ear.
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The tympanic cavity connects to the oral cav-
ity via the Eustachian tube, that ventilate and drain
the tympanic cavity. At birth, the Eustachian tube is
more horizontal, shorter, and narrow than in adults
and is a major reason infants have recurrent ear in-
fections, grows most growth during weeks 16 to 28
of the fetal period.

The inner ear. The inner ear originates from
the invagination of the otic placodes during the 4th
week of development. The otic placodes are senso-
ry placodes, which are a series of transiently thick-
ened surface ectodermal patches that form pairs
rostro-caudally in the head region during week 4 of
development. Sensory placodes are involved in the
development of special sensory systems like vision,
olfaction, and hearing. The otic placodes are one of
the first sensory placodes to form and contribute to
the formation of the inner ear structures associated
with hearing and balance. The otic placodes are lo-
cated behind the second pharyngeal arch and give
rise to the otic pits by invaginating into the mes-
enchyme adjacent to the rhombencephalon during
the fourth week of development. Towards the end
of the fourth week, the otic pits break off from the
surface ectoderm to form a hollow piriform shaped
structure lined with columnar epithelium called the
otic vesicle.

At this point, the otic vesicle lies beneath the sur-
face ectoderm enveloped in the mesenchyme, form-
ing the otic capsule. The statoacoustic ganglion also
forms during the formation of the otic vesicle and
splits into cochlear and vestibular portions. The otic
vesicle differentiates to form all the components of
the membranous labyrinth and ultimately gives rise to
the inner ear structures associated with hearing and
balance. As the otic vesicle develops into the mem-
branous labyrinth, its epithelium undergoes variations
in thickness and begins to distort. The otic vesicle
divides into a dorsal utricular portion and ventral sac-
cular portion, with the dorsal utricular portion giving
rise to the vestibular system and the ventral saccular
portion giving rise to inner ear structures involved in
hearing. The ventral saccular portion develops into
the cochlear duct and saccule. The dorsal utricular
portion forms into the utricle, semicircular canals,
and endolymphatic tube.

EMBRYOLOGY OF KIDNEY

In the embryo, the kidneys develop from three
overlapping sequential systems; the pronephros,
the mesonephros, and the metanephros. They are
all derived from the urogenital ridge.

Pronephros. The pronephros appears in the
4th week of development. Its development begins
in the cervical region of the embryo. Segmented
divisions of intermediate mesoderm form tubules,
known as nephrotomes. In total, 6-10 pairs of neph-
rotomes are formed. These tubules join into the pro-
nephric duct, which is a duct that extends from

the cervical region to the cloaca (distal end) of the
embryo. This early system is non-functional and re-
gresses completely by the end of week 4.
Mesonephros. The mesonephros develops cau-
dally (inferiorly) to the pronephros. First, the pres-
ence of the pronephric duct induces nearby inter-
mediate mesoderm in the thoracolumbar region to
form mesonephric tubules. These tubules receive a
tuft of capillaries from the dorsal aorta allowing for
the filtration of blood and they drain into the meso-
nephric duct (a continuation of the pronephric duct).
They act as a primitive excretory system in the em-
bryo, with most tubules regressing by the end of
the 2nd month. Additionally, the mesonephric duct
sprouts the ureteric bud caudally, which induces the
development of the definitive kidney.
Metanephros. The metanephros forms the de-
finitive kidney. It appears in the 5th week of devel-
opment and becomes functional around the 12th
week. The ureteric bud from the mesonephric duct
makes contact with a caudal region of intermediate
mesoderm — the metanephric blastema. Collectively,
these blastema form the metanephric system, which
has two components: collecting system - derived
from the ureteric bud. It dilates to create the ureter,
renal pelvis, major and minor calyces and collecting
tubules —terminating at the distal convoluted tubule.
If the uretic bud splits too early, two ureters, or two
renal pelvices connecting to one ureter may result.
Excretory system. It’s derived from the meta-
nephric blastema. Each collecting tubule from the
collecting system is covered by a metanephric tis-
sue cap which gives rise to the excretory tubules.
These excretory tubules (along with the developing
glomeruli) form the kidney’s functional units — the
nephron. The proximal end of the excretory tubule
forms the Bowman’s capsule around a glomerulus,
while the distal end elongates to form the proximal
convoluted tubule, loop of Henle and distal con-
voluted tubule. The definitive kidney initially devel-
ops in the pelvic region before ascending into the
abdomen. In the pelvis, the kidney receives its blood
supply from a pelvic branch of the abdominal aorta
and as it ascends, new arteries from the abdominal
aorta supply the kidney. The pelvic vessels usually
regress, but can persist as accessory renal arteries.

EAR AND KIDNEY SYNDROME

Branchio-oto-renal (BOR) syndrome is a con-
dition that disrupts the development of tissues in
the neck and causes malformations of the ears and
kidneys. The signs and symptoms of this condition
vary widely, even among members of the same fam-
ily. Branchiootic syndrome includes many of the
same features as BOR syndrome, but affected indi-
viduals do not have kidney abnormalities. The two
conditions are otherwise so similar that researchers
often consider them together (BOR/BO syndrome or
branchiootorenal spectrum disorders).
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“Branchio-" refers to the second branchial arch,
which is a structure in the developing embryo that
gives rise to tissues in the front and side of the neck.
In people with BOR/BO syndrome, abnormal devel-
opment of the second branchial arch can result in
the formation of masses in the neck called branchial
cleft cysts. Some affected people have abnormal
holes or pits called fistulae in the side of the neck
just above the collarbone. Fistulae can form tunnels
into the neck, exiting in the mouth near the tonsil.

“Oto-" and “-otic” refer to the ear; most peo-
ple with BOR/BO syndrome have hearing loss and
other ear abnormalities. The hearing loss can be
sensorineural, meaning it is caused by abnormali-
ties in the inner ear; conductive, meaning it results
from changes in the small bones in the middle ear;
or mixed, meaning it is caused by a combination
of inner ear and middle ear abnormalities. Some af-
fected people have tiny holes in the skin or extra bits
of tissue just in front of the ear. These are called pre-
auricular pits and preauricular tags, respectively.

“Renal” refers to the kidneys; BOR syndrome
(but not BO syndrome) causes abnormalities of
kidney structure and function. These abnormalities
range from mild to severe and can affect one or both
kidneys. In some cases, end-stage renal disease
(ESRD) develops later in life. This serious condition
occurs when the kidneys become unable to filter flu-
ids and waste products from the body effectively.

Causes. Mutations in three genes, EYA1, SIX1,
and SIX5, have been reported in people with BOR/BO
syndrome. About 40 percent of people with this con-
dition have a mutation in the EYA1 gene. SIX1 gene
mutations are a much less common cause of the
disorder. SIX5 gene mutations have been found in
a small number of people with BOR syndrome, al-
though researchers question whether mutations in
this gene cause the condition. Some affected indi-
viduals originally reported to have SIX5 gene muta-
tions were later found to have EYA1 gene mutations
as well, and researchers suspect that the EYA1 gene
mutations may be the actual cause of the condition
in these people.

The proteins produced from the EYA1, SIX1,
and SIX5 genes play important roles in development
before birth. The EYA1 protein interacts with several
other proteins, including SIX1 and SIX5, to regulate
the activity of genes involved in many aspects of
embryonic development. Research suggests that
these protein interactions are essential for the nor-
mal formation of many organs and tissues, including
the second branchial arch, ears, and kidneys. Muta-
tions in the EYA1, SIX1, or SIX5 gene may disrupt
the proteins’ ability to interact with one another and
regulate gene activity.

The resulting genetic changes affect the devel-
opment of organs and tissues before birth, which
leads to the characteristic features of BOR/BO syn-
drome.

Some people with BOR/BO syndrome do not
have an identified mutation in any of the genes list-
ed above. In these cases, the cause of the condition
is unknown.

PATHOLOGY

ALPORT SYNDROME

Alport syndrome is a genetic condition char-
acterized by kidney disease, hearing loss, and eye
abnormalities. People with Alport syndrome expe-
rience progressive loss of kidney function. Aimost
all affected individuals have blood in their urine
(hematuria), which indicates abnormal function-
ing of the kidneys. Many people with Alport syn-
drome also develop high levels of protein in their
urine (proteinuria). The kidneys become less able to
function as this condition progresses, resulting in
end-stage renal disease (ESRD). People with Alport
syndrome frequently develop sensorineural hearing
loss, which is caused by abnormalities of the inner
ear, during late childhood or early adolescence. Af-
fected individuals may also have misshapen lenses
in the eyes (anterior lenticonus) and abnormal color-
ation of the light-sensitive tissue at the back of the
eye (retina). These eye abnormalities seldom lead to
vision loss. Significant hearing loss, eye abnormali-
ties, and progressive kidney disease are more com-
mon in males with Alport syndrome than in affected
females.

Etiology. Mutations in the COL4A3, COL4A4,
and COL4A5 genes cause Alport syndrome. These
genes each provide instructions for making one
component of a protein called type IV collagen. This
protein plays an important role in the kidneys, spe-
cifically in structures called glomeruli. Glomeruli are
clusters of specialized blood vessels that remove
water and waste products from blood and create
urine. Mutations in these genes result in abnormali-
ties of the type IV collagen in glomeruli, which pre-
vents the kidneys from properly filtering the blood
and allows blood and protein to pass into the urine.
Gradual scarring of the kidneys occurs, eventually
leading to kidney failure in many people with Al-
port syndrome. Type IV collagen is also an impor-
tant component of inner ear structures, particularly
the organ of Corti, that transform sound waves into
nerve impulses for the brain. Alterations in type IV
collagen often result in abnormal inner ear function,
which can lead to hearing loss. In the eye, this pro-
tein is important for maintaining the shape of the
lens and the normal color of the retina. Mutations
that disrupt type IV collagen can result in misshapen
lenses and an abnormally colored retina.

FECHTNER SYNDROME

Fechtner syndrome is a rare autosomal domi-
nant disorder consisting of macrothrombocytopenia
and leukocyte inclusions, associated with Alport’s
syndrome (hereditary nephropathy, sensorineural
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hearing loss, and ocular anomalies). Fechtner syn-
drome is a rare autosomal dominant progressive
nephropathy associated with macrothrombocyto-
penia. Sensorineural hearing loss can also occur.

Fechtner syndrome shows the additional features
of cataracts and blue leukocyte inclusion bod-
ies (Doehle-like bodies). It is linked to mutations in
MYH9, the nonmuscle myosin heavy chain.

HEARING LOSS - ASSOCIATED RESEARCH

Ear and kidney genes function

Genes

Ear

Kidney

Glial cell-line-derived neutrophic
factor

Protects hair cells from damage

Essential for ureteric bud growth
and branching morphogenesis of
the ureteric bud epithelium

Fibroblast growth factors

Induces both the otic placode and
the epithelial organization of the
otic vesicle

Maintains the nephrogenic
mesenchyme; induces its
condensation and autocrine
secretion of Wnt-4 converts it to
epithelium

Bone morphogenic proteins

Proteins emanating from
the otic epithelium influence
chondrogenesis of the otic capsule.

Modulate ureteric bud branching
and keep bud development in step
with that of other tissue types

Wnt signaling and Frizzled
receptors

Could be involved in several
aspects of late cochlear
differentiation or auditory function

Critically required for tubulogenesis
in the pronephric kidney

Barttin Crucial for renal salt reabsorption Increases surface expression
and potassium recycling in the and changes properties of CIC-K
inner ea channels needed adequate salt
reabsorption
ATP6B1 Role in endolymph pH homeostasis | Role in normal vectorial acid
and in normal auditory function transport into the urine by the
kidney encoding the B-subunit of
the apical proton pump mediating
distal nephron acid secretion
AQP-2 Role in the development of Regulated urinary diluting ability;

endolymph homeostasis

important for rapid near-isosmolar
transepithelial fluid absorption/
secretion and for rapid vectorial
water movement driven by osmotic
gradient.

Experimentation. The experimental animals
chosen were the rat and guinea pig. Anti-rat sera
and anti-guinea pig sera were also produced us-
ing the goat or rabbit respectively as the antibody
producing animal. In order to produce the antisera,
specimens of stria vascularis were dissected from
the cochlea. The collected specimens were then
placed in saline and Complete Freunds Adjuvant,
emulsified and then injected into subcutaneous
sites of rabbits. After about 10 days the blood was
withdrawn and the serum extracted from the blood.
This crude serum was then used in subsequent ex-
periments as the anticochlea antibody (AC Ab). In
a similar manner glomerular basement membrane
antibody was prepared (AGBM Ab). Two methods of
immunofluorescent staining were used, namely, the
indirect and direct method.

Preparation. In indirect method, Frozen sec-
tions of normal cochlea or renal tissue specimens
were treated with the previously prepared AC Ab or
AGBM Ab and then counterstained with Fluores-

cein labeled goat anti-rabbit gamma globulin serum
(GARG-FI). In direct method, tissue specimens from
guinea pigs that had been injected with either AC
Ab or AGBM Ab were stained directly with GARG-
Fl. In a third part of the experiments, the left cochlea
from each animal injected with either AGBM Ab or
AC Ab was taken for light histology. Of marked sig-
nificance in our studies is the observation that AC
Ab is capable of staining renal tubular epithelium.
This presents compelling evidence of antigenically
similar epithelial components. There is a fascinating
similarity between the cochlea and the kidney. This
similarity extends through a variety of modalities.
There is even experimental evidence of a possibility
of antigenically similar epithelial components.

Conclusions. The link between ear anomalies
and kidney function can be explained by structural
and functional similarities between tissues in the in-
ner ear and in the kidney. Additionally, toxins that
accumulate in kidney failure can damage nerves, in-
cluding those in the inner ear.
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PE3IOME

BPAHXNO-OTO-PEHAJIbHbIN CUHOPOM
lNpusHka Esrenusi Abpaxam (UHgus)

HaumoHanbHbIn MEQULMHCKNIA YHUBEPCUTET
mmenn A.A. Boromonbua (Knes, YkpanHa)

BBegeHne. BpaHXno-OTO-peHasbHbIl  CUHAPOM
(BOP) - ayTOCOMHO-AOMUHAHTHOE 3abofieBaHne, Xapak-
TEPU3YIOLLEECs COYETAHNEM HapyLLEHWs cnyxa C npeay-
PUKYNSPHBIMWA SSIMKaMM, LWEAHbIMU CBULLAMW NN KNCTaMU
N aHOManuAMK NoYeK pasnu4Horo Tuna. MyTtauum B reHe
EYA1 ob6ycnasnusatot go 40% cnyyaes BOP-cuHgpoma.

Lenb. I3yuntb NpuynHbl, KNIMHUYECKNE MPOSBAEHNS
BOP-cuHppoma.

Marepuan n merogbi. O630p COBPEMEHHbIX U 3apy-
6EXHbIX NNTEPATYPHbIX NCTOYHUKOB; METOOUKMN — Onuca-
Hue, aHanu3, pedeprnpoBaHe.

Pe3ynbratel u nx oocyxgeHume. «Oto-» n «-otic» oT-
HOCSATCH K yXy; 60nbWMHCTBO ntogen ¢ BOP-cuHopomom
cTpapatoT noTepeil cnyxa u OpyruMy aHoManusMun yxa.
MoTeps cnyxa MOXET ObITb HEMPOCEHCOPHON, TO €CTb
Bbl3BaHa aHOMaNMsAMUN BO BHYTPEHHEM yXe; MPOBOASILLEN,
TO €CTb pe3yNbTaT USMEHEHUNIA MESIKUX KOCTEN B CPeaHEM
yXe; U CMELLAHHOM, YTO 03HAYaET, YTO 3TO BbI3BAHO CO-
YeTaHMEM aHOManuin BHyTPEHHEro 1 cpepHero yxa. «lo-
YeYHblii» OTHoCcUTCA K nodkam. CuHgpom BOP xapakTte-
PU3YeTCH HapyLUEHEM CTPYKTYPbI U (DYHKLUN MOYEK. STr
HapyLLEeHNS BapbUPYIOTCA OT NErkmux A0 TSHXKENbIX U MOoryT
nopaxatb OgHy unu o6e no4dku. NprusHaknm n CUMMATOMbI
3TOro COCTOSIHWSA CUMbHO Pa3nnyatoTcs faxke cpeaun yne-
HOB OOHOW CeMbK C PacCTPONCTBaAMU pPasBUTUS >Kabep-
HO-NMOYEYHOro CrnekTpa.

Benkn, npogyumpyembie reHamu EYA1, SIX1 n SIX5,
UrparoT BaXXHYIO POSib B pasBuUTUM OO poxkaeHus. Benok
EYA1 B3anmopenicTByeT C HECKONbKUMMN Apyrumn 6enka-
Mu, Bktodas SIX1 u SIX5, 4Tobbl perynnpoBaTbh aKTuB-
HOCTb MEHOB, Y4aCTBYHOLUX BO MHOIMX acrnekrax amopu-
OHanbHOro paseutus. ViccnegosaHnsa nokasbiBalT, YTO
3TN GenKoBble B3aMMOAENCTBUSA HEOOXOAWMMbI ANS HOP-
ManbHOro HOPMMPOBAHMA MHOMMX OPraHoOB U TKaHen, B
TOM 4YmMCie BTOPOW XKabepHor ayru, ywen n noyek. «Ka-
6epHasa gyra» OTHOCUTCS KO BTOPOW »xabepHow gyre, KO-

Topas npeacTaBnseT cob0n CTPYKTYpPy B pa3BrBatoLLEM-
csl aMbpuroHe, KOTopasi AaeT Hayano TKaHsAM B nepegHen
1 OOKOBOW 4acTAX LUEN.

MyTaumun B reHax EYA1, SIX1 nnam SIX5 moryT Hapy-
WnTb CNOCOBHOCTL 6enKoB B3aUMOLENCTBOBATb APYr C
OPpYyrom 1 perynmpoBaTb aKTUBHOCTb MEHOB.

BbiBogbl. CBs3b MeXXAy aHOManusMn yxa n yHKum-
el MOYEK MOXKHO OGBACHUTH CTPYKTYPHbIM U PYHKLMO-
HasNbHbIM CXOOCTBOM MEXAY TKaHSMU BHYTPEHHEro yxa n
noyek. Kpome TOro, TOKCUHbI, KOTOPble HakananeawTCA
npu NO4Ye4HON HEAOCTATOYHOCTM, MOTYT MOBPEXAaTb He-
PBbl, B TOM 4YMCfle BO BHYTPEHHEM YyXe, YTO MPSABNSETCA
CHIVI>KEHMEM CryXa Npu NporpeccnpoBaHni NO4e4HON He-
[OCTaTOYHOCTN.

Knro4deBblie cnoBa: no4ky, ywm, 6paHxmo-oTo-pe-
HanbHbIA CUHAPOM, reH EYAT.

PE3IOME
BPAHXIO-OTO-PEHAJIbHUA CUHOPOM

lMpisHka €BreHiss Abpaxam (IHgisi)

HauioHanbHWin MegnyHnin yHiBEPCUTET
imeHi O.0. boromonbusa (Kuis, YkpaiHa)

Bcetyn. BpaHxio-oto-peHansHuii cuHgpom (BOP) —
ayTOCOMHO-AOMIHaHTHE 3axXBOPIOBaHHS, LLIO XapakTepu-
3yETbCA NOEOHAHHAM MOPYLUEHHSA CyXy 3 npeaypikynsap-
HUMW SMKamu, LWWAHMK cBuwamn abo Kictamu i aHoma-
NisMK HUPOK pigHoro Tuny. MyTauii B reHi EYA1 o6ymos-
nooTb 0o 40% sunapkis BOP-cuHgpomy.

Merta. Busuntn npuyuHW, KniHibHi nposisn BOP-
CUHOPOMY.

Marepian i merogun. Ornag cy4acHUX Ta iHO3EMHUX
niTepaTtypHUX O>Kepesn; METOAMKN — Onuc, aHania, pede-
PYyBaHHS.

Pesynbratu Ta ix o6roBopeHHs. «Oto-» i «-otic» Big-
HOCATbCSA OO0 Byxa; 6inbwictb nogen 3 BOP-cuHgpomom
CTpaXpaloTb BTPaATOK CAyXy Ta iHWMMK aHomanisMu
Byxa. BTparta cnyxy moxe 6yTu HEMpPOCEHCOPHO, TOO-
TO BUKJIMK@Ha aHOManisiMy y BHYTPILWHbOMY BYCi; Mpo-
BiHOI, KA BWHMKAE K pe3ynbraT 3MiH OPiGHUX KiCTOK
y cepefHbOMy BYyCi; abo 3MillaHo, Lo 03Havae, Lo ue
BUKJIMKAHO MOEAHAHHAM aHoManii BHYTPIWHLOrO i ce-
pegHboro Byxa. «HupkoBuin» BiQHOCUTBCA [O HUPOK.
CvHpgpom BOP xapakrtepuay€eTbCs NOPYLLUEHHSAM CTPYKTY-
pu i yHKUIT HUpOK. Lli nopyweHHs BapitooTb Bif Nerknx
[0 BaXKNX i MOXYTb Bpaxkatn ogHy abo obuasi HMPKWU.
OsHaku Ta CMMNTOMMW LbOro CTaHy CUbHO PO3Pi3HAI0Tb-
CSl HaBiTb Cepeq YeHiB OOHIET poouHN 3 po3nagamu pPos-
BUTKY 396pOBO-HMPKOBOrO CNeKTpa.

Binku, Aki npogykytoTbea reHammn EYA1, SIX1 i SIX5,
rpatoTb BaXK/IMBY POJib B PO3BUTKY [0 HAPOMKEHHS. Binok
EYA1 B3aemogie 3 gekinbkoma iHWumMmmn 6inkamu, Bkato4da-
toun SIX1 i SIX5, wob perynoBaT akTUBHICTb EHIB, LLO
OepyTb y4acTb y OaraTbOx acrnektax emOpioHasbHOro
po3BUTKY. [oCNioKEHHS NoKa3yoTb, WO Li 6inkoBi B3ae-
Mogil HeobXxigHi ons HopManbHOro hopMyBaHHS H6araTboX
OpraHiB i TKaHVH, B TOMY Y1Chi Apyroi 3a6poBoi oyru, ByX
i HUPOK. «3s6poBa ayra» BiAHOCUTLCS 40 APYroi 396poBoil
Oyru, sika NpencTasnsie co600 CTPYKTYPY B PO3BUHEHOMY
emMOpioHi Ta Aae nNo4aToK TKaHWHam B nepepHin i 6ivHin
YacTMHax Lui.
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MyTauii B reHax EYA1, SIX1 a6o SIX5 moxyTb nopy-
LWNTY 34aTHICTb BiNKiB B3aEMOIATN OANH 3 OOHUM i pery-
NOBaTN aKTUBHICTb reHiB.

BucHoBKK. 3B’A30K MiXX aHOManisamu Byxa Ta yHK-
Li€0 HUPOK MOXHa MOSICHUTU CTPYKTYPHOIO Ta (PyHKL-
OHaNbHOK MNOAIGHICTIO TKAHUH y BHYTPILIHbOMY BYCi Ta
HupkKax. KpiM TOro, TOKCUHW, SIKi HAKOMU4YylOTbCS Npun

HUPKOBIN HEegOCTaTHOCTI, MOXYTb MOLIKOOUTU HEPBW, B
TOMY YUCAi Y BHYTPILLHbOMY BYCI, LLIO NPOSABASETLCA 3HU-
JKEHHSIM Cyxy Npu NporpecysBaHHi HUPKOBOI HepocTat-
HOCTI.

Knrouosi cnosa: HUPKK, Byxa, 6paHxio-0To-peHasb-
HWIA cuHApoMm, reH EYAT.
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