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CHAPTER |
INTRODUCTION

Background and Rationale
Mammary gland makes mammals different from other organisms. Athough

excellent progress has recently been made in defining the signaling pathways that are
involved in the mammary gland development in mice, current knowledge about human
mammary gland development is very restricted and still has to be elucidated. Patients
with aberrant breast development are the mast suitable and valuable to identify a gene
involved in human breast development. Amasia“is the complete absence of breast
which is the result of complete failure of—ilna mmary. ridge to develop at about 6 weeks in
utero (1). This condition«is a«Very rarfa congenital . anomaly with a wide range of
associated features. It gfinhegrited as eitlher autosomal dominant or recessive pattern.
Amastia is characterizediby the abs’ﬂence‘:;c‘;'ic the breast and nipple-areolar complex at
birth. In addition, there isja lack of breasf:-, development during puberty whereas other
secondary sexual charactens and‘_ferl_t'ility afé‘go,gmal (1, 2). In 1965 Trier (2) reviewed the
literature and found 43 cases of cbngeniféjf-'byeast absence and classified them into
three groups as follows; s T“

(i) Bilateral absence of breast a*é%i‘:fa’t‘ed with gongenital ectodermal defect.

(ii) Unila’te%m—abseﬂce—o%the—br‘east—assoé‘iafed with the absence of

pecto-r;Ii's major muscles called Poland syr{'gr_ome.
(iii) Bilateral-ébsence of breast with variable a;sociated defects.
Amastiasmay be isolated, syndromic, familial.or embryopathic. The syndromes

described with amastia are as follows;

®  ‘Ectodermaldysplasia, Trichoodontoonychial type (8, 4)

® Congenital amastia with polywhorls and webbed fingers (5)

® Acral-renal-ectodermal-dysplasia-lipoatrophic-diabetes (AREDYLD
syndrome) (6, 7)

® Bilateral amastia with ureteral triplication and dysmorphism (8)

® Amastia with vaginal agenesis (9)

® Scalp-ear-nipple syndrome, Finlay-Marks syndrome (10-18)



In familial cases, both autosomal dominant and autosomal recessive
inheritances have been reported. Embryopathic amastia has been reported in a girl
infant born to a woman treated with methimazole and propranolol (19). The treatment of
amastia requires total breast reconstruction. The cause of this condition is still unknown.

Here we reported a 29-year-old female who had complete absence of both

breasts and nipples along with other defects, including ectodermal dysplasia and

unilateral renal agenesis. Convel Iy netic analysis revealed an apparently
reciprocal balanced translocation, 4 : 1 :q13.13).

E‘f:iﬁ%ﬁﬂﬁﬁ‘tﬁ mmwmwm

Balanced translocation chromosome region(s) have been used to identify a
disease-associated gene due to disruption or otherwise inactivation of a gene(s) in the
breakpoint. We hypothesized that a gene was interrupted by one of the breakpoints
which caused the phenotype. Here we performed the clinical, cytogenetic and

molecular characterization of the patient with bilateral amastia and ectodermal dyspl asia



who had balanced translocation. We mapped the breakpoint and identified the

responsible gene. The expression of that gene from the patient was determined.

Research question
1. Which gene(s) is interrupted by the breakpoints?
2. s the identified gene responsible for the disorder in our patient?

3. Is the identified gene responsible for amastia in other unrelated patients?

Objective
1. To identify the gene responsible f9r bilateralamastia with ectodermal dysplasia.
2. To provide suppeorting evidence that the gene'identified has an importantrole in

breast development.

Hypotheses 28

1. One of the chremoseme breakpoinfé causes the disease.

2. Both of the breakpoints associatie V\;‘ii_h the disease.

3. The finding is coincidental-. No geneJ|$ iﬁterrupted by any of the breakpoints.
4. The expression of the adjacéﬁt gene('s-);{;{;uld be altered due to a putative

position effect caused by the trans|oqz;tiop.4

Research design

Descriptive and in vitro studies

Key words
Amastia, athelia, development of breasts and.nipples, ectodermal dysplasia,

kidney agenesis, chromosomal balanced translocation, PTPRF, LAR

Ethical consideration
The local Ethics Committee has approved this study. Written informed consent

was obtained from all patients or their parents who participated in this experiment.

Expected benefit

1. To further elucidate the genes and pathways involved in breast development.
2. To provide accurate information and appropriate counseling for families with the

disease.



Research methodology

To map the balanced translocation of t(1;20)(p34.1;g13.13) in the patient, we
used both molecular genetic and cytogenetic techniques to characterize the
breakpoints. BAC and PAC clones were obtained from the BACPAC Resources Center
(BPRC). In order to amplify larger (approximately 10-20 kb) BAC/PAC subfragments, the
long template PCR system was used. A series of primer pairs were chosen from the
genomic sequence of breakpoint-spanning clones. Genomic BAC/PAC DNAs and their
long-range PCR products were labeled with spe€trum orange dUTP by standard nick
translation. FISH was performed on metaphase spreads using standard molecular
cytogenetic techniques.

From cytogenetic investigation, vx/? were able to narrow down the breakpoint on
chromosome 1 into 107kb_dhis™ 10 Kb -critical region interrupts the gene called protein
tyrosine phosphatase,.receptor, typg, M (PﬂPRF) while the breakpoint of chromosome 20
does not disrupt any jknown ‘gene. PTﬁ’RF is a member of the protein tyrosine

phosphatase (PTP) family. 7
id o
To validate PTPRF as a eandidate g,egri_e;l, for biltateral amastia, we established

EBV-transformed lymphoblastoid cell cultufe_g'j@r quantitative Real-time PCR and

g

western blot analysis..Peripheral blood lymphocytes (B-Iym‘p_hocytes) were immortalized

successfully by infeCti‘ng them with Epstein Barr Virus (EBW These cells could then be
used as a source of “BDNA or RNA for studying genomi€ structures and expression,
respectively.

We then attempted to'find'the'pathogenic 'mutation’in‘the PTPRF. We performed
mutation screening of the PTPRF gene in our patient and two other'unrelated patients
from Netherlands (6)iand Chilef(20)4We'screened the mutations imithe_promoter, coding
sequences and proximal intronic sequences by PCR-direct sequencing. DNA sequence
analysis was performed using the genome BLAST program. To identify other
submicroscopic chromosomal imbalances, such as dupilcations, deletion or copy-
neutral variants, we used 1M SNP Array to search for such alterations in three unrelated
patients. We also performed haplotype analysis using a set of microsatellite markers to

study the allele segregation in our Thai family.



Conceptual framework

Identification of a patient with amastia and balanced

chromosomal translocation
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CHAPTER |l
REVIEW OF RELATED LITERATURE

Embryonic mammary gland development

A number of recent studies using human and mouse genetics, in particular
targeted gene deletion and transgenic expression, have identified some of the signals
that control specific steps in development. Most of the genes were obtained from the
studies of mouse models. Studying.these defects in mouse models will provide a better
understanding of the aetiology of the Correspondlng human syndromes.

Mammary glands-ake-highly modifie d-sweai-glands. Development of mammary

glands begins in embryogeaesis and continues well into adult life, when functional

development and diffe?xfé-{ion ocour.l The embryonic phase of mammary gland
development involve in ?gnl'etory mechanisms that are also found in other skin append-
ages. In contrast to embryomc phase memmary gland developments in adult stages

are nearly controlled by, hormones BFeast e-mbryogene3|s takes place in several stages

FRAY 4

including milk line initiation, placode forma’tlpn bud formation and rudimentary ductal

FYE

tree. Each stage is relatively: Tlexcble and some- Gﬁ’ihe stages may overlap.

_«

In most mammals the first. step in mafhrrﬁary gland development is marked by a

lateral ectodermal thl(:kenlng that protrudes slightly-from tbe body wall. The mammary

ridges develop at fourth week on the ventral body of embryos and extend from the
axillary to the inguinal“regions bilaterally. The formation of bilateral milk lines in the
mouse occurs embryonic; day (E)y10.5 #ln mouse studies, spegification of the mammary
line is dependent on canonical Wnt“signaling (wingless-related MMTV integration site)
(21). One of.the.earliest described. markers of the:mammary, line is. the expression of a
Wnt responsive f3-'galactosidase (TOPGAL) transgene'in' cells between-the limb buds of
E10.5 TOPGAL transgenic embryos. Following this, several Wnt genes become
expressed within the mammary line between E11.25 and E11.5, including Wnt10b,
Wnt10a, and Wnt6 (21-23). These findings suggest that specification of the mammary
line requires an early Wnt signaling event that is then responsible for inducing a
cascade of further Wnt gene expression and Wnt signaling within the milk line and

placodes.



Studies of fibroblast growth factor (FGF) indicated that FGF signaling pathway
may also contribute to mammary line specification. Knockout of the Fgf10 and Fgfri2b
genes in mice has been shown to disrupt the formation of four out of the five mammary
placodes (24). Between E10.5 and E11.5, Fgf10 is expressed in the most ventral-lateral

reaches of the dermatomyotome of the somites adjacent to the developing mammary

e r///,

E10.5 % ‘j placode

:3

. mesenchyme
.

line.

Mammary

B

(right) (25)

It has been ‘that inhibitiof

FGF10 or FGFR1 sign (21, 22). These data suggest at FGF signaling is important

to the earliest ﬁ %‘ ﬁt rallel to Wnt signaling,
rather than doﬁﬁaz‘r rﬁﬂﬁ Wﬂ niplasia is a prominent
feature ar ﬁ ﬁ ﬁ 3 gene, which
encodes ﬁgﬁaﬁfjoﬁ/ Wuﬁ&?‘i‘ r%aﬂs-t 0 morphologic
evidence of mammary placodes and do not show evidence of Wnt10b or lymphoid
enhancing factor (Lef) 1 expression, two molecular markers of mammary placodes (27).
So, it is evident that TBX3 is important for placode formation.

A working model that combines these findings is shown in Figure 2 (25).

Specification of the mammary line would be the result of FGF signals from the somite

acting together with canonical Wnt signaling initiated by generally expressed Wnts in the



ectoderm and causes the stratification of the ectoderm to form a placode. FGF, WNT
and NRG3 (neuregulin 3) signals from the lateral mesoderm induce expression of Thx3
(T-box 3) in the epithelium of the placode. This dual signal would activate TBX3
expression, which in tum initiate the expression of other Wnt and FGF pathway genes
necessary for mammary line development and the transition to placode formation. In this
manner TBX3 would be both downstream and upstream of Wnt and FGF signaling,
which is a known paradigm for T-box transcription factors.

The second stage occurs by E11.5, awhen five pairs of lens shaped placodes
form at specific locations.along-the mammary-line-Rlacodes are thought to arise from
the migration of cells within_the.mammary line, although this has yet to be formally
documented. Individual placodes” form 'ln a characteristic sequence; pair 3 is first,
followed by pairs 4, 1T-and5, @nd finally by pair 2. The same signaling pathways that
have been implicated in the specifiqat?on 5?‘ th:e mammary line are also important for the
development of the mammary placodes %OPGAL fransgene expression and Wnt10b
expression have been reported to become d;scontmuous within the mammary line and

add

localize to the forming placodes..n_(21, 2d) . =i .;J:g

The placodes are thougfit 1o form frcxrﬁ.,(_:_e'l_l_movements within the mammary line,

and in TOPGAL embryos individual drifting B- galactqsidgsfe_‘positive cells can be seen

clustering around thé'developing placodes (21). In Cultur_ed'embryos, activation of Wnt
signaling using lithium ehloride or Wnt3a results in the accelerated formation of enlarged
mammary placedes (241). [Finally, Lefl—~—.e€mbryos [form.smaller placodes that then
degenerate (28,.29)."Wnt signaling istknown to modulate cell adhesion and promote cell
migration in other settings,.and.so.it is attractive.to’postulate that Wnts_might be involved
in promoting the cell migration ‘and invagination nece ssary'fer the formation of placodes.

As noted in the section above, the Fgf receptor, FGFR2b is expressed within the
developing mammary placodes, and disruption of this gene in mice inhibits the
development of four pairs of placodes (24). In addition, Fgf4, Fgf8, Fgf9, and Fgf17 are
all expressed within the developing placodes, as is another Fgf receptor, FGFR1 (22). In
cultured embryos, beads soaked with Fgf8 have been shown to induce the ectopic

expression of placodal markers when placed along the mammary line, and an FGFR1



inhibitor has been shown to inhibit the development of placodes from the mammary line
(22). Thus, itis likely that FGF signaling participates in regulating this process. TBX3
and the related T-box family member TBX2 are both expressed at E11.5 in developing
placodes (27). However, the phenotype of the Thbx3 knockout mice suggests that TBX2
and TBX3 have nonoverlapping functions. Interestingly, TBX2 has been shown to
regulate adhesion molecules such as cadherins and integrins (30), and so it is possible
that TBX2 may contribute to the " \ ,/ invagination of the mammary epithelial

cells during placode format|on

More recently, TBmen sﬂownmmme the dorso-ventral postion of
( ogerm 4 (BMP4) (31). At E10.5 TBX3
A\

and BMP4 are express ' t run between the limb buds in partially

mammary buds together

overlapping and compl g f BMP signaling through

application of bead Aiy '. [ el(tinguishes Lef1 expression.

YW
9
Figure 3. Signaling molecules that regulate dorso-lateral positioning of the mammary

bud and formation of the dense mammary mesenchyme (25).

The third stage involves the invagination of cells within the placode into the
underlying mesenchyme to form the typical bulb-shaped mammary buds and occurs

between E11.5 and E12.5 (Figure 3). Part of this process involves the condensation and
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differentiation of the underlying mesenchyme into specialized, dense mammary
mesenchyme arrayed radially around the epithelial bud. A growing number of signaling
molecules have been described as being expressed within either the epithelial or
mesenchymal cells of the mammary bud.

The homeodomain-containing transcription factors MSX1 and MSX2 are both
expressed in the mammary buds, and MSX2 is also expressed in the underlying
mesenchyme (32, 33). Knockout .of either Msx7 or Msx2 alone has no effects on
mammary bud formation, although knockout of* Msx2 does affect the next phase of
mammary development. However,-when'both-genes-are disrupted, placodes form but
do not develop into mammaiy buds  (83). Thus, MSX1 and MSX2 appear to have
necessary but redundantsfungtions dur'“Ling the formation of the buds. One of the
molecules expressed Dy the mammary epithelial bud as it starts to invaginate into the
mesenchyme is parathyroid hermone- releﬁed protein (PTHrP). Its receptor, PTH1R, is
expressed in the mesenchyme underlymg the developlng bud (34, 35). If either PTHrP
or the PTH1R is disrupted.in mice, then morpbologmally normal mammary buds form but

-

they degenerate and never grow. out (o for_m-_@uctal trees (34, 35). This is because

PTHrP is necessary for the mesenchyme to a-CQUi_r_e a specialized mammary fate. When

this does not occurthe mammary epithelial cells-take o_n“ anh epidermal fate, undergo

sguamous differentiétion and morphogenesis fails. Another‘éonsequence is the loss of
sexual dimorphism, beCause PTHrP is the epithelial factor that induces androgen
receptor expression within-the, mammary mesenchyme, (36) ~RPTHrP signaling is also
necessary for the, mammary ‘'mesenchyme toinducethe overlying epidermis to form the
nipple. Thus, in. PTHrP knockout mice, no.nipples-were, formed, and when PTHrP was
overexpressed in“the “epidermis,‘the*entire vehtral 'surface “of the embryo was
transformed into nipple skin (34-36).

In female embryos, the buds remain morphologically quiescent until the final
stages of embryonic development begin at E15.5-E16.5. At this point, the mammary
epithelial cells begin to proliferate, and the bud sprouts down out of the dense
mesenchyme and into the developing mammary fat pad located within the dermis.

Concurrent with this process, epidermal cells overlying the bud differentiate into nipple
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skin. Once the mammary sprout has reached the fat pad, it begins a process of ductal
branching morphogenesis that gives rise to the rudimentary ductal tree, consisting of a

primary duct and 15-20 secondary branches, which is present at birth (37).
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The initial branching morphogenesis of the embryonic mammary gland is
hormone independent because mice that are deficient in either estrogen receptor (o or
B), the prolactin receptor, the growth hormone receptor, or the progesterone receptor
have no obvious embryonic mammary phenotype (38, 39). Likewise, the initial outgrowth

of the bud occurs in the absence of growth factor receptors such as the insulin-like
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growth factor-1 receptor and the epidermal growth factor receptor, which are though to
be important to the regulation of hormone dependant branching morphogenesis during
puberty (39).

A function in mammary mesenchyme induction and ductal growth has also been
found for RASGRF1 (Ras protein-specific guanine-releasing factor 1; also known as
p190 B RhoGAP), a negative regulator of the Rho pathway (40). A role for RASGRF1 in
mammary biology was first postulated whenithe gene that encodes it was identified as
being highly up regulated in terminal endsbuds,. the structures that show highest
proliferative activity in the.ductal tree at'puberty (41). Rasgrfi—/— embryos have much
smaller epithelial buds at E14.67(40). The epithelial cells are disorganized and the cells
in the mammary mesenchyme lack expr@ssion of steroid receptors. Absence of insulin
receptor substrate 1 (IRS1)"and IRS2, ‘which are downstream mediators of the insulin -
like growth factor 1 reeeptor (IGFAR), 7resuijts Ji:n the same defects as seen in Rasgrf1—/—
embryos. This suggests that insulin—likeigrovvth factor 1 (IGF1) signalling through
RASGRF1 is important for the férrjnation oﬁa normal-sized mammary bud and the

add ¥ £
induction of mammary mesenchiyme cell identity: As'the rate of cell proliferation is low

during this developmental pha_s_e:_,‘ [sseems th%,t_thg inhibition of bud growth is due to a

migration defect in gells that form the epithelial bud. {t is_dn_clear whether the defect in

the mesenchyme isL Cé_ll autonomous or is an indirect effect of perturbed epithelial
differentiation. It will alse be interesting to see if PTHLH and IGF1 function in the same or
parallel pathways.

Four genetic 'models“develop'mammary buds’but subsequently have defects in
ductal outgrowth. These are Pthrp.—/—, Pthlr —/=, Msx2-/—.and.p190-B-/- mice (33, 35,
41). In the case of PTHrP andiits‘recejptor, the failure'of bud outgrowth is the result of
defects in the mammary mesenchyme (34-36). A similar mesenchymal defect might also
hold for the Msx2-/— mice, because expression of this transcription factor is limited to
the mesenchyme at this stage (32, 33). The mechanisms underlying the failure of

transplanted p790-B-/- buds to grow are currently under investigation (41).
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Hormone regulation of mammary cell fate

Systemic hormones are key regulators of postnatal mammary gland
development and play an important role in the etiology and treatment of breast cancer.
Mammary ductal morphogenesis is controlled by circulating hormones, and these same

hormones are also critical mediators of mammary stem cell fate decisions.

Embryo Involution
Msx2
LEF-1 Stat3
PTHrP

Anlage

EGF

Blasantal o At mans

o mammary gland (38).

I

Figure 5. Hormones a

Ii
From Figure 5, he anlage is composed of epithélium (dark knob) and stroma

(gray surroun icts the mammary fat
pad (stroma) ﬁulﬂgm’-ﬂzﬁgm jfrom which the ducts
origina ﬁétjiurmg puberty.
Mamm:% ﬁﬁg iﬁim ﬂwjz Yfad] structures are

presented as yellow circles (A). The hormones that control distinct developmental
windows are shown below the arrows. The genes that have been implicated genetically
in developmental processes are listed above the respective stages. Epidermal growth
factor (EGF) signals through the stroma and controls early ductal outgrowth. Together

with estrogen, it also controls ductal elongation and branching during puberty.

Progesterone, placental lactogens, prolactin, and the osteoclast differentiation factor
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signal alveolar proliferation and differentiation during pregnancy and possibly lactation.
The signals inducing tissue remodeling during involution have not been defined. The
genes that control distinct stages of mammary development are shown. Ductal
elongation and branching during puberty is controlled by inhibin@ B, CSF-1, the
progesterone receptor, and wnt. Proliferation and differentiation of mammary alveolar
cells is controlled by the prolactin receptor, Stat5, RANKL, cyclinD1, p27, |d2, and
C/EBPR. Mammary function duringlactation is controlled by prolactin through Stat5, and
tissue remodeling and cell death during inveluiion by Stat3, bax, and bcl-x (38). The

genetic pathways controllingsmammary gland-development are summarized in Table 1.

Table 1. Genetic pathways eontroliing mammary gland development

Signalling pathways Mammary defects Reproductive system
Estrogen receptor o Absence of dutéta_l outgrowth Infertile
Progesterone receptor Impaired alveolér'.lg:iea\_/elopment Infertile
SRC-1, SRC-3 Reduced ductéjl..e_kgranching Fertile
Prolactin Reduced ductaf‘_tﬁr;d:hching Infertile
Reduced ductal;’k#)réi‘rc‘hing, Non functional
Prolactin receptor
impaired-alveclardevelopment corpus luteum
Stat3 Delay involution Not described
Statba Impaired differentiation None

Non functional

Statbb None

corpus luteum
Non|functional

Statba/b Not'described
corpus luteum

Loss of primodial germ
Bel-x Not described
cells

RANKL ot RANK Impaired alveolar development Not described

Lack of embryonic mesenchyme
PTHrP or PPR1 Not described
and prim sprout outgrowth
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Review of cases with bilateral absence of breast

Congenital absence of the breast is a rare genetic condition. Several terms have
been used to classify the different defects found in this condition. Although strictly
speaking, athelia refers to absence of the nipple, and amastia refers to absence of the
breast, these terms have been used interchangeably (13). The term congenital absence
of the breast is a separate entity from hypoplasia of the breast. Complete breast
absence is defined by the absence of the nipple, whereas nipples are present in
hypoplasia of the breast (2). Complete absence of breasts is the complete failure of
mammary ridge to develop at about 6 weeks in uterc (1). This condition is a very rare
congenital anomaly with"a wide'range, of associated features. It is inherited as either
autosomal dominant or recessive pattemL. In 1965 Trier (2) reviewed the literature and
found 43 cases of congenpital /beast absle-pce and classified them into three groups
which are different in their mode of i_nh’erita?ﬁcg_ and associated deficits.

1. Bilateral amastia with congenitaiﬁEcl;[odermal Defect; In 1886, Hutchinson first
described absence of the breas-'t éssociéii%dd:with congenital ectodermal defect (2).

i ol i
Seven such cases of affected boys were add_,egél_g-py Trier (2). It is inherited as sex-linked

recessive with a 50 percent chance of transmission from mother to son (2).

d d

Heterozygous girls showed 10 percent to 30 percent of less manifestations than in

boys(42). ECtodermal-‘dysplasia was also presented in the skin and its appendages
(such as hair, eccrine;~and sebaceous glands), the teeth,“and nails are mainly affected
(42). Additional.features, including. cleft. lip-and,palate, microphthalmia, and corneal
dysplasia, have beef observed (42)-'Burck‘and Held (42)f deséribed the first case of a
female infant who presented with complete absénce of the bréast associated with
congenital lectodermal defect. Her: methen, maternal! aunt, land grandmother had
hypodontia, sparse hair, and small breasts associated with mammillary hypoplasia (42).
In this female infant, pedigree analysis suggested either autosomal or sex-linked
dominant inheritance and excluded homozygosity for an X chromosome-linked
recessive gene (42).

2. Unilateral absence of the breast which frequently associated with the absence

of pectoralis major muscles called “Poland syndrome”. It is identified by absence of the
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breast or hypoplastic breast unilaterally associated with absent pectoral muscles and
other musculoskeletal defects ipsilaterally (43). Trier (2) reported 20 cases of this defect,
with 9 people missing the right breast and 11 people missing the left breast. Milder
forms of Poland syndrome occur more frequently than severe forms and may be
unrecognized (44).

3. Bilateral absence of the breast with variable associated defects.; Bilateral
absence of the breast was first described by Gilly in 1882 (2). Trier (2) documented 16
cases of bilateral absence of the breast. Ten of.ihe women had no anomalies other than
absence of both breasts.and-nipples. ~Many.other-defects have been reported with
bilateral amastia. Syndromes.associated with the absence of breast and nipple include
ectodermal dysplasia of the trioho-odorito—onychial type (3), congenital amastia with
polywhorls and webbed #fingers £ (6), aeral-renal-ectodermal-dysplasia-lipoatrophic-
diabetes (AREDYLD syndreme) (6, 7), b]'fatpjral amastia with ureteral triplication and
dysmorphism (8), amastia with vaginal agéaesis (9) and the scalp-ear-nipple syndrome
(SEN or Finlay-Marks syndrome)“ (f10, 11}13—18) The latter is the most associated
syndrome. Additionally, renal inyol\}c!ment hééitﬁ_een reported in some cases of scalp-
ear-nipple syndrome (16, 17‘):}_Thel structt@_;e_a_r malformation is presented in this

disorder but not all patients had hearing impairments. HQ\‘)vever, this condition has also

been associated wifh‘ cleft palate, high-arched palate, scant axillary and pubic hair,
absence of a finger, and “lobster claw” deformity of the hands and feet (2). Amastia may
be isolated, syndremicy familial jorsembryopathic. [Fraserreported a three-generation
family in which' seven members had bilateral absence of ‘the breast without any other
abnormalities.(a.man, three of his.four daughters,‘and.three of.his_granddaughters) (2).
Goldenringfand Crelin described“a“mother anddaughteriwith bilateral’absence of the
breast with sparse body hair, a “saddle nose” deformity, hypertelorism, high arched
palate, and no other musculoskeletal defect (2). Ferene described a family in which a
mother with one absent and one hypoplastic breast had a daughter with bilateral
absence of the breast. Since Trier's review, many additional reports of bilateral amastia
have been added to the literature. Tawil and Najjar (45) reported the case of a 12-year-

old girl with complete absence of the nipples and breasts, lowest ears with abnormal
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pinnae and a hearing deficit, large mouth and macrognathia, high-arched palate,
cubitus valgus, and malrotated kidneys. Mathews (46) described an 8-year-old girl with
congenital bilateral absence of the breast as well as spasticity, growth failure, profound
motor and mental retardation, microcephaly, micrognathia, strabismus, abnormal fingers
and toes, puffiness of the dorsum of the hands and feet, bilateral simian creases, and a
single dorsal crease on the fingers. Nelson and Cooper (5) described a family in which
the father and two of his three daughters had bilateral absence or hypoplasia of the
breasts associated with webbing of the fingers and a whorled scalp hair pattern. Wilson
et al. (43) described a familyxin-which absent or hypoplastic breasts were inherited from
mother to daughter in three generations and from mother to son in the fourth generation.
In these families, the paitern® of inhe‘ﬁitance seemed to be autosomal dominant.
Kowlessar and Orti (47) reporied compléﬁe;absence of both breasts in a brother and
sister who had no otherabnormalities éndﬁbr)gnal findings'on chromosome analysis. The
parents of these siblings had pormal bre;s_ts and were first cousins, suggesting that

Lad 4

their genetic defect was adtosomal r:eoessivex,(4-7).
il

adl

4. Teratogens; Acase of athelia and'@h@?nal atresia was reported in a girl infant

born to a woman treated_fgr_ -hyperthyn?i.jdis_m throughout the pregnancy with

methimazole and propranclol. Her family history re_\'}e_,aled no skin or breast

abnormalities, and t.he'“‘hl patient had no evidence of conge_m’t'al ectodermal defects. Her
chest examination revealed symmetrical absence of both nipples, but both pectoralis
muscles were determined to-bespresentsby palpation; (19).

The treatment of‘amastia requires total breast reconstruction. The cause of this
condition is not.known. The previously,reported cases with bilateral’absence of breast

are summarized in Table 2.



Table 2. Review of reported cases with bilateral absence of breast
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Number of Ectodermal
Nipple Other anomalies Year/Author
cases defect
Deformity of hand
Two cases were and foot
1965,
hypoplasia and Yes Cleft palate
23 Trier WC.(2)
others were Absence of a finger
absence of breasts Saddle-nose
Hypertelorism
1968, Kowlessar M,
2 Absent No .,
Orti E.(47)
Hearing defect 1968, Tawil HM,
1 Absent No b 4
- Malrotated kidneys Najjar SS.(45)
é@a’é‘ficity, growth failure
1974,
‘ " Mental retardation
1 Absent No Mathews J.(46)
Strabismus
Bilateral simian creases
1981, Burck U, Held
1 Absent Yes -
KR.(42)
1 Hyipoplastic . 1982,
Webbed fingers and
No Nelson MM,
polywhorls
2 Absent Cooper CK.(5)
1983,
1 N/A Yes AREDYLD Pinheiro M,

et al.(7)
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Hypotrichosis 1986, Tsakalakos N,
Absent YES
Hyperpigmentation et al.(3)
Ureteral triplication 1987,
Absent No
hypertelorism Rich MA, et al.(8)
1987,
Absent Choanal atresia

N/A

Aplastic

Absent

Greenberg F.(19)

1992,
Breslau-Siderius EJ,

et al.(6)

1994, Edwards MJ,
etal.(14)

synarome

=nal hypoplasia

ataract

1997,

Plessis G, et al.(17)

1999,

Amesse L, et al.(9)

Q)

'ﬁ}/ndrome

ekl apdbived sbe

anomalies

1999,
Ej‘icard C, etal.(16)
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Absent

Sensorineural hearing
deficit
Dentinogenesis

Yes imperfecta
Renal hypoplasia

Branchio-oto renal

syndrome

Absent

Hypoplasia

2000,

Lin KY, et al.(48)

2003,
lamin MT,

Kumar VP.(49)

lo | al

# SN

2004,

Martinez-Chequer

LA JC, et al. (50)
.ﬂi.dd

s g b [ < :"l’

e 2005,

Absent Ligia Aranibar D, et
al.(20)
2005,
rudimenta Baris H,
et al.(13)
[ ]
& NG NI HECITS
A@y VL&J ' dr Sobreira NL,
¢ Ny
| of the.iris etal.(10
oYl la AR (10)
AN ! 2007,
9 Scalp-ear-nipple
Hypoplastic Yes Al-Gazali, L,
syndrome
et al.(18)
2009,
Absent Yes -

Klinger M, et al.(4)

N/A= not available
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Chromosomal translocation; short cut to locate a disease gene

The first successful mapping of a mendelian disorder by chromosome
rearrangements was that of the Duchenne muscular dystrophy locus to Xp21. Since
then, chromosome aberrations which delete, truncate, or otherwise rearrange and
mutate specific genes have not only helped in the mapping of other disease loci, but
have turned out to be key elements for the rapid isolation of disease genes by positional
cloning strategies (51).

Disease-associated balanced chromosome rearrangements (DBCRs) truncating
or otherwise inactivating genes form a visible bridge between human phenotypes and
genotypes. Therefore, systematic«breakpoint mapping and cloning in patients with
balanced chromosome reagrangements Flias been proposed as an efficient strategy for
elucidating the molecular catsgs of h.eredita-ry disease (51-53). De novo DBCRs can be
identified by conventional karyotypmg, and‘ W|th an incidence of 1 in 2,000, they are not
rare (54). About 6% of these are assomated vvlth clinical abnormalities such as mental
retardation with or without muItipIelcongexr:adl}ol abnormalities (MCA), which is seen in

almost half of these cases. In generat, breakggq,events that give rise to DBCRs are not

mediated by nonallelic homologous reconTE)_ination (55), and they seem to occur

-4

everywhere in the human genome. An advantage of this approaoh is that breakpoints

can be precisely mapped Cytogenetically visible "denovo translocations, small
deletions and duplicatiens are rare, but have led to the identification of candidate genes
in a number of disorders:“such .as.Duchenne .muscular dystrophy (56), familial
adenomatous polyposis«(57); retinoblastoma®(58) anadWAGR syfidrome (59).

Specific chromosome rearrangements haves predominantly«been described in
autosomal dominant (AD) and in Xilinkedsconditionsi Of the 625 chtfomosomally mapped
loci associated with genetic disorders, 54 (8-6%) are X linked (60). However, more than
one third of the approximately 70 mendelian disorders associated with a specific
chromosome rearrangement are X linked. This excess can be explained by almost
routine application of cytogenetic analysis in two particular groups of patients: females
affected with X linked diseases, suggesting X;autosome translocations, and males

suffering from two or more X linked disorders, suggesting a contiguous gene syndrome.
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Since there omosome rearrangements

should be less freque@n AD rders,ﬂ\e underrepresentation in AD
disorders is probably beqplgg of ascertainn@t bias. The cytogenetic data in autosomal

m@u@% AT N B4R FhSrerts regaring e

frequency Cann be made. In only ene AR disorder (Zellweger wdrome ) has more
oo RGBT IR RGN IR} B =2
novo |nvar3|on (62, 63). A specific chromosome mutation will only show an AR locus if
the other allele happens to be mutated (unmasking of heterozygosity) (64), and this will
be a rare occurrence as the gene frequencies for even the most common AR disorders
do not exceed 1/25 to 1/50. Owing to the number of recessive traits, and the relatively
high frequency of familial translocations and inversions in man (51), some of these
breakpoints may affect recessive loci. The risk of unmasking of heterozygosity by a

transmissible chromosome rearrangement will increase with the number of individuals
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that receive the rearrangement. In addition, familial translocations may predispose to the
formation of uniparental disomy, whereby AR mutations can be reduced to
homozygosity (65). The occasional occurrence of an inherited balanced translocation or
inversion would therefore not be unexpected in AR disorders (66).

However, the first example of a gene responsible for an autosomal recessive

disorder identified by a chromosomal balanced translocation was ALMS7 gene for

!f/ by the translocation and the other

.Qrs associated with balanced

Alstrom syndrome (67). The author ted that this individual was a compound
heterozygote, carrying one ¢

copy disrupted by an i

chromosomal rearrange

Table 3. Example of disease hromosomal rearrangments

(53)

MIM No Phenotype

(1) Disarders with proven candidate regions/genes (‘dicated in bﬁ ey

175700 Greig cephalopolysyn e—  46,XYt(3;7)(p21.1;p13)par"*

161200 Nail-patella synd s s - 46,XY,1(1:9)(q41;934)unknown™
190350 Trichorhinophalangeal sm 46,33,t(7;13;8)(p2 ;92 1;q24. 1) de novo™

130650 Beckwith-Wiedemann sm‘ 7 J e . 46,XX,t(2;11)(q1 4;p15.4) mat
130650 Beckwith: W]edammﬂ’ gyndfome” . : 46,30,t(9;11)(p1 1.2;p15.4) mat"
176270 9:15)(q21.2;q13.1)de novo™
176270 5,18)(q13;q23)de novo
205900 19)(p11;q11)de novo™
11010 “1(2:3)(q22;924)de nove™
310200 ;9)(p21;q13)de novo"
310200 ;11)(p21;q23)de novo
(2) Disorders with suspected candidate regions)| (mdwamd in bold)
163950 Noonan syn 46,XX,t(4;12)(926;21.3)unknown
269200 @Hﬁq&w B VI j w &J lm 2.3%;q12)mat (concordant)
46, 10)(g24.3;q23.3)de novo
ell 46,XX,1(8:20)(p22;q13)mat (concordant)
Iydactyly and syndactyli 46, XX, inv(T)(p14. 3p22)de novo
(3) Phenotypes considered not to be associated with the
104050
ARSI ) renE:
312750 (2) (Nle]sen et al, in preparation)
(4) Miscellaneous
122470 Cornelia de Lange syndrome 46,XX, inv(12)(p13q1 3)unknown
122470 Cornelia de Lange syndrome 46,XY,inv(12)(p11.23p13.33)mat
157900 Moebius syndrome 46,XY,1(7:811;13)(q21.1;921.3;p14.3;q21.2)de novo™

248770 Marfanoid syndrome 46,X%,1(12;21)(g22;922.1)de novo
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PTPRF (LAR); a candidate gene responsible for breast development

The human protein tyrosine phosphatase receptor type F (PTPRF) gene or
leukocyte common antigen-related molecule (LAR) (68), is composed of 33 exons
spanning over 85 kb. Exon 2 encodes the signal sequence and the first 4 amino acids in
the mature LAR protein. The 3 immunoglobulin-like domains are encoded by exons 3 to

7, and the 8 fibronectin type Il (FN-III) domains are encoded by exons 8 to 17. Exons 18

to 22 encode the Juxtamembrane mbrane domains, and exons 23 to 33
encode the 2 conserved ty N domains and the entire 3-prime
untranslated region (Flgu atlw pm/? mRNA was revealed by RT-

PCR analysis. The hum spliced-out is the major mMRNA
species (68). Further a ' RNA Is involved the FN-III domains 4,
5,6 and 7 in various

The LAR protei

g d{-i--|= =¥ o= =
I

w—1GC2 o 1GC2 ww 1GC 20 FN3 we FN3 ="FN3 = FN3 )
. "
|
"

U
Figure 7. Relationship of PTPRF €xon structure= and gotem ‘domains. The exon

Organlglowfq mrﬂeﬁ@ llnm ’}’]Im F] @ Emerane region,

and tandem PTPase domains are shown. In each case the exon/intron structure is

I

Tyr_Phos e Tyr_Phos -

indicated on top with the corresponding LAR protein domains shown schematically
below (68).

LAR-RPTPs are expressed as a 200-kDa proprotein and span the plasma
membrane once with an extracellular amino-terminus. The cleaved proprotein consists

of a 150-kDa extracellular domain (E-subunit) noncovalently bound to an 85-kDa
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intracellular tandem phosphatase domains (P-subunit). These subunits remain non-
covalently associated (70). This first proteolytic cleavage step is mediated by furin-like
endoproteases that recognize a critical penta-arginine sequence at the C-terminus of
the extracellular domain. A second, non-sequence-specific, calcium-dependent
proteolytic cleavage step promotes extracellular domain shedding (71) and
internalization of the P-subunit (72) (Figure 8).

Notably, the function of the OW c,cleavage and shedding is still unknown.
Similar to all PTPs, the 280 a@ & tic domain contains an invariable
signature motif [I/\/]HCXAM]G 'Jncl

the nucleophilic attack

sential cysteine that catalyzes

oryl group of its target substrate leading to its

dephosphorylation (73).

E-subunit

1)
N
[EL] *edding of

@ Liternalization of
subunit

i

Cell membrane Fibronectin type llidike domain
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subunit and a noncovalently attached 85-kDa P-subunit. Further cleavage results in
shedding of the E-subunit and internalization of the P-subunit (70).

The D1 domains have robust catalytic activity, while the D2 domains have weak,
if any, catalytic activity against a variety of substrates (74). This suggests that D2 serves
as a regulatory rather than a catalytic role. The three members of the LAR-RPTPs also

share additional posttranslational modifications such as glycosylation (75) and



26

phosphorylation (76). All of these modifications, including proteolytic cleavages, may
contribute to the regulation of LAR-RPTP activity.

Like most transmembrane PTPs, LAR has two tandem phosphatase domains
which dominate its intracellular sequence. While the physiological substrates for LAR
have not been definitively identified, some data suggest that [3-catenin and
plakoglobulin, which are in a complex with the cadherin family of cell adhesion proteins,
may be substrates (77).

The extracellular sequence of LAR may e equally important to its physiological
function and its potential-iumerigenic rele. LAR-has-both immunoglobulin-like domains
and fibronectin-type [l domains in its extracellular E-subunit (78). These domains are
expressed in many cell sugface adhesior'\L molecules and suggest an interaction of this
PTP with extracellular ligands, perhaps adjacent cell surfaces or extracellular matrix.
Recently, a LAR isoform has been shbvvnfo bind to the matrix protein laminin-nidogen
(79). However, no data.ndicate regulanon"of PTP activity through extracellular domain
binding interactions. Consistent W|th its Strugtural domains and its potential substrates,
LAR has been shown to Iocalu_ize..rto focal::égr_)esions (80) and cadherin-containing
complexes (72, 81). el

Other reparts link  LAR to regulation—of “ tyrosine  kinase receptor

autophosphorylation“and signal transduction (82, 83). Eachof these potential substrates
is relevant to cell proliferation, differentiation and malighant transformation and could

provide a link between LAR.and;breast cancer tumorigenesis,

Functional significance of PTPRF (LAR) in development
Role of PTPRE (LAR) in breast develepment

In 1997, Schaapveld et al. used gene targeting in mouse embryonic stem cells
to generate mice lacking sequences encoding both LAR phosphatase domains.
Homozygous mutant mice develop and grow normally. However, mammary glands of
homozygous Lar-deficient females were incapable of delivering milk due to an impaired
terminal differentiation of alveoli at late pregnancy. The authors concluded that LAR-

mediated signaling may play an important role in mammary gland development and



27

function. Perhaps the most relevant observation relating LAR expression and activity to
mammary epithelium and mammary tumors is the work of Schaapveld and coworkers
(84). They have characterized a Lar knockout mouse and reported that the most
apparent phenotype of this mouse was impaired terminal mammary gland development.
At parturition, the number and size of alveoli in Lar —/— were decreased, and premature
involution of alveolar structures was observed. Secretory epithelial cells were
morphologically abnormal with increased intracellular storage of secretion products in
contrast to intraluminal secretion in wild-type‘glands. Expression of milk protein genes
appeared to be unaffected-Also-in-this report,-LarmRNA expression levels were shown
to be developmentally regulaied in” mammary epithelium, being relatively low until rising
to maximum levels at gestational/days 1"%1—16. The specific role played by LAR in the
complex hormonal synchrony of terminal l'mammary gland development and lactation is
not known. LAR is clearly importanlt in ma}fwmgry gland development and is apparently
elevated in breast cancer (85). With»dévelé@ing pbenign and malignant breast epithelium
sharing features (invasion@and mi'g.lré:.tilbn), azgple for LAR in breast cancer is an intriguing

possibility. The current studies/ nave beenjc_'o:_r:i:ducted to explore LAR as a possible

B—

prognostic marker in human _b_r_e_as,t' cance_tl}ef_ap_';d_its relationship to other established

prognostic markers..-—

Role of PTPRF (LAR) inseancers —

Compelling. evidenceimplicated .associated members.of the PTP family with
various congenital ‘diseases” (86) and fled to the recognition that PTPs control many
physiological processes. For example, Jirik et#ak mapped LARy a putative tumor
suppressor: gene, fo. 1p32, [a fegion ftequently ideleted! in.human ineuroblastoma and
pheochromocytoma (87). Harder et al. found that coamplification of the PTPRF gene and
the MYCL1 gene in a small cell lung cancer line supported close linkage of the 2 genes
(88). Moreover, PTPRF is known to be a tumor suppressor gene. In 2004, Wang et. al.
performed mutation analysis of protein tyrosine phosphates genes and identified PTPRF
somatic mutations in 9 % of breast cancers (89). LAR expression was significantly

increased in thyroid carcinomas (90) and breast cancers (85). Aithough more research
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is needed, expression of LAR might correlate with breast cancer metastatic prognosis

(91).

Role of PTPRF (LAR) in metabolic diseases

Several studies have implicated the receptor PTP in insulin signaling (92-95).
Overexpression of LAR showed that it negatively regulated insulin signaling (83, 96).
Subsequently, a role for LAR in insulin signaling has been muddled by conflicting results
from Lar-deficient mice. In one study, in whieh.tar was disrupted in transgenic mice,
“secondary” defects in glucose homeostasis Were observed (97). For a phosphatase
implicated in the negative regulation of insulin signaling, sensitivity to insulin would be
expected in its absence rather ihan the i’ljlesistance to insulin-stimulated glucose uptake
that was observed. From that study.. thek‘;ro.-le of LAR would not be directly on insulin
receptor per se but dewnstream of the rfgCg_ptor, if indeed it influences the signaling
pathway. A recent study,Seems to éupportfthié notion. When LAR was overexpressed in
the skeletal muscle of mice, vvholél bbdy lnsullin ‘r:esistance was observed (98). The effect
of the PTP was proposed to ba»‘_. mo;t Iikelﬁ_c‘.)ﬁirgownstream targets such as IRS-1. An

alternate LAR disruption study_ip miQe has bef@__ﬂr] rgported. The effects observed in these

knockout mice Werg‘gifferent from those observed in th_-é _V_Iransgenic null mice. The

phenotypic defects"vs“/‘é_re primarily observed in mammary gland development and

function (84). Hence, itiis still not clear what contribution EAR plays in insulin signaling.

Role of PTPRF (LAR)"in lmervé'regeneration

The discoveries that LAR is® expressed by mammalian neurons and that its
expression lis| regulated: during’ neuralidevelopment by NGF (99,3100). suggested that
LAR might modulate mammalian neuronal survival and/or neurite outgrowth. This
hypothesis was supported by studies showing reduced size of basal forebrain
cholinergic neurons and loss of cholinergic innervation of the dentate gyrus in Lar-
deficient transgenic mice (101) and aberrant motor neuron pathfinding in Drosophila Lar
loss-of-function mutants (102). Lar-deficient transgenic mice have also been found to

have impaired outgrowth of sensory fibers during sciatic nerve regeneration (103).
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The proximal membrane region of LAR contains two alternatively LAR
Alternatively Spliced Element (LASE). First, LASE-a, a 33 bp alternatively spliced exon
encoding an 11 amino acid segment insert located in the proximal membrane region 41
residues downstream from the transmembrane domain and 44 residues upstream from
PTP-1. Second, LASE-c, a 27 bp alternatively spliced exon encoding a 9 amino acid
segment located in the fifth FNIII domain (Figure 9). Measurement of the ratio of LAR RT-
WS in cortical, cerebellar and nonneuronal
, ent|a||y in the nervous system and

decreased during development

PCR products with and without the

tissues showed that LASE-a. N
that the proportion of L
(104).

compounds that sele ipghidif -RPT he highly similar subfamil
p - gnly y
members LAR and RP
M \ ) )
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Figure 9. Schematic pf LAR alternatively spliced element. (A) LASE-a and (B) LASE-c
(104)



CHAPTER Il
MATERIALS AND METHODS

Subjects and dlinical descriptions

We identified an 18-year-old Thai woman who came to see plastic surgeons for total
breast reconstruction. Her menarche was at 14 years of age and her menstruation had been
regular. She had been generally healthy: with normal intelligence. Physical examination
showed normal height (157 cm, 50" percenfﬂ{},jpild hypertension with blood pressure of
140/90 mmHg., no eyebrows_, epicanthal I‘glds, srTTaglr‘a'nd cup-shaped pinnae, absence of

all four upper incisors aftemextraciion at age 15 years (they were small, brown and easily

decayed) (Figure 10), bilateral@bsence o#}breasts and nipples, normal pectoralis muscles,

brittle nails and normal

xte al—"ger.ﬂt‘alia ;(Qy pelvic examination). Ultrasonography and
computed tomography rgvealed enee of the left Kidney. and absence of left artery yet
normal right kidney and uterus \;va‘s:the_'%ir'd child with an elder brother, an elder sister

and a younger sister. The pedig é-"is’;'s:hownf!"rr?‘F'lbure 11. Her father passed away. None of

the other family members wer ffegféé. _———'

.\7.’

Figure 10. Clinical features of the patient presented with absence of breasts and ectodermal
dysplasia. (A) Abnormal facial feature and dentinogenesis imperfecta. (B) Brittle nails. (C)

Unilateral renal agenesis.
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3 4
the proband was the third child. No

N V
Figure 11. Family pedigree; tm& rc

b 4

\

er lood

(3 ml) was obtained from the

other family members wer@
After informed cons |
patient and genomic DN a , ethods. Controls were healthy
T, i

volunteers unaffected with ama adkr i y of amastia. Heparinized blood

4'{'
To confirm a disease cadé‘rh‘ [<5

two unrelated patientsgesented%ﬂﬁ'ﬁ?fa"t%fr | la (Figures 12-13).

i',

Figure12. Clinical manifestation of the patient from Chile who presented with bilateral

amastia. (A) Thin eyebrows and eyelashes, fine line wrinkles around the eyes and mouth,

small teeth, broad nasal bridge and long philtrum. (B) Spindle fingers with erythema,
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desquamation of the distal third of fingers, hypoplastic brittle nails and syndactyly (C)

Bilateral amastia (20)

4 J’"

Figure 13. Clinical manifestation of the patrent from Netherlands with AREDYLD (6) (A)

Bilateral amastia. (B) X-ray of the perendiywérjaws (C) Nails of the proposita showing

ol

transverse as well as longitudinalgrooves (6).-43 o

NATEL \
s fk
Establishment of Ebstein-Barr vi q r:rjmortah@ﬁ*ﬁ@ of human B-lymphocytes

Peripheral blood Iymphoey B Iyrq‘EStt‘Q@d
infecting them with Epstbrn Barr V|rus (EBV) These cells Qaﬁjt;hen be used as a source of

were immortalized successfully by

DNA or RNA to stuéSf ‘genes and their transcrlpts We‘l isolated Peripheral Blood
Mononuclear Cells (PBMdS ) by carefully overlaying 3 ml t06 ml fresh heparinized blood on
the top of 4 ml frcoll usrng b[ood to ﬂooll ratlo o_f*t 1, Try not.to mix blood and lower ficoll.

Centrifuge for 30 m|lt1 Jat 1504) rprL at room- temperatureI Ielave the centrifuge break-off
during thls step After Centrlfugat|on an

9]¢ . .
and: transfer the PB Os |nto a new 15-ml tube. Cell

the ficoll léyer Relntot/e the olasria
pellets were washed twice with 10 ml RPMI 1640 medium (Gibco), and centrifuged at 1,000
x g for 10 minutes. Resuspend cell pellets to reach 1x10° cells/ml and immortalization was
achieved by mixing the cells with 1 ml of active EBV supernatant. Incubate at 37°C with 5%
CO, for 30 minutes. This EBV supernatant was prepared using the EBV-transformed B95-8

marmoset cell line, the cells were grown in RPMI 1640 medium, supplemented with 10%
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fetal bovine serum (FBS). These cultures were maintained for 12-15 days. After
centrifugation for 10 min at 1,000 x g, the supernatant was filtered through a 0.22-um and
stored at 4 °C until use.

The human immortalized cells were seeded with the primary culture medium
(RPMI1640 with 20% fetal bovine serum, 100 units/ml of penicillin-streptomycin) in the 24-
well plate to reach 1x10° cells/well. Add 10 ug/ml cyclosporin A to suppress the growth of
the T cells present in the preparation. Culture the cells in 37°C with 5% CO,. Each week half
of the supernantant was replaced by complete.medium. No additional cyclosporine A was
added. When large clumps appeared (quuaIIy 2 to 3 weeks after starting the culture),
transfer cell clumps into the 95 ofn flask ‘and the cells were fed with 10 ml complete
medium. Then subculturinggfreezingand hérvesting the cells were carried out according to

the need. ' -

Chromosome Analysis by Giemsa S_tai_ning i’ v

Heparinized blood ©f 0.5 ml:was cgjlj:u_:réd at 37°C for 72 hours in 10 ml MEM
medium with 0.3 ml phytohemagglutinin. Cellsﬂét{e synchronized with 0.1 ml methotrexate
and incubated at 37°C for 17 hours: Centrifugé_-é_éus at 1.200 rpm for 10 minutes. Remove
supernatant and gently wash the cells in 10 ml Hanks" solution.and centrifuge cells at 1.200
rom for 10 minutes. Remove supernatant and add 10 mi MEM medium. Release cells by
adding 0.1 ml thymidine"rat 37°C for 3 hours. Add 0.1 ml ethidium bromide to prevent
chromosome contraction? andy incubatefor 1" hour 45 minutes=Cells were harvested by
adding 0.2 ml colecemid and incubated for 15 min. Centrifuge cells at 1.200 rpm for 10
minutes.,Remeve~supernatant and.slowly, add«0,07 oM KEI dropwise, to3 10 ml, incubate at
37°C for 15 min. Followed by fixation step, slowly add 3 ‘ml of freshly"prepared fixative
mixture of 3:1 methanol:acetic acid. Centrifuge cells at 1,200 rpm for 10 minutes. Remove
supernatant and slowly add 10 ml fixative dropwise. Repeat this step once. The cells can be
stored at -20°C. To prepare metaphase spread, use a small amount of cell mixtures
containing metaphase chromosomes and drop the cell mixtures from about 18 inches high

onto the angled, humidified microscope slides a few times. Air-dry the slides at least 10
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minutes. The slides were stable for a long time. GTG-banding was performed by incubating
the glass slides in a 0.05% trypsin solution at 37°C for 7 seconds, followed by rinsing the
slides in phosphate-buffered saline buffer and staining in a 5% giemsa stain for 5 min. The

slides were rinsed with water and air-dried.

BAC/PAC clone preparation

BAC and PAC clones were selected from the Mapviewer NCBI, and obtained from
the BACPAC Resources Center (BPRC) (Table @). Streak bacterial clone stock and stab
culture to single colonies en-a~LB-agar plate with-appropriate antibiotic (containing 12.5
pg/ml chloramphenicol for BAG*€lones and 25 pg/ml kanamycin for PAC clones). Pick a
single colony from a freshlysstreaked selective plaie and inoculate a culture of 5 ml LB
medium containing the appropriate selectivetantibiotic. Incubate for 12-16 h at 37°C with
vigorous shaking. Harvest bactefial cells byfce;ptrifugation at 8,000 rpm (6800 x g) for 10
minute at room temperature. Discard supernié{_ants and resuspend pelleted bacterial cells in
100 pl P1 solution. Add 200l P2 siql_étion ar:\::(;:é-ently shake each tube to mix the contents.
Let the tube sit at room temperature for-5 min";-'SjpDiwa add 250 pl P3 solution to each tube

and gently shake during additiom_A_fter addingkjs_&;solution to every tube, place the tubes on

ice for at least 5 min.Spin_in cold centrifuge at full speed (Q0,000 x g; 14,000 rpm) for 5
minutes. Transfer supernantants to a new tube. Precipitate DNA by adding 900 ul of
ethanol (96-100%) and™centrifuge at full speed (20,000 X g; 14,000 rpm) for 5 minutes.
Decant and drain pellets; WashsDNA gpellets phy adding«500=~ul of 70% ethanol and

centrifuge at 13,400 rpm for 5" minutes. Air dry pellets at room temperature and resuspend

pellets in.50 ul.water.or desired volume.

Generation' of subfragment probes by long-template PCR

In order to refine the critical region, we generate BAC/PAC subfragments of
approximately 10 kb using long template PCR system. A series of primer pairs (Table 7)
were chosen from the genomic sequence of breakpoint-spanning clones (RP5-1029K14

and RP11-347D21). Each subfragment probe was overlapped and used for subsequent
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FISH analysis. We used 200 ng of plasmid DNA, 1X Amplibuffer C (Vivantis), 160 mM
(NH,),SO,, 500 mM Tris-HCI,17.5 mM MgCl, and stabilizers, 0.4 mM dNTPs, 0.4 pM of each
primer and 2.5 U Perpetual OptiTag DNA polymerase (Vivantis) in a total volume of 50 pl.
The PCR amplification was performed as follows: initial denaturation at 95°C for 15 minute s,
followed by 40 cycles of denaturation at 95°C for 30 seconds. The annealing step was
performed at optimal annealing temperature (Ta) for each specific primer (Table 7) for 30
seconds. The extension was at 72°C for 11 minutes and the final extension was at 72°C for
10 minutes.
Probe Labeling by Nick Translation

Genomic BAC/PAC DNAS and their long-template PCR products were labeled with
spectrum dUTP using nick translation kit (Vysis). Pipette the following components to the
microcentrifuge tube (Table 4).

Table 4. Components for Nick translation

Component Volume/Reaction

1 ug DNA — X ul
Nuclease-free water _ (17.5-X) pl
0.2 mM SpectrumGreen br SpectrurﬁOr_ange dUTR 2.5l

0.1 mMdTTP 5.0 ul

0.1 mMof each'dCTP, dGTP, dATP Mix 10.0 Wl

10X niek translation-buffer 5.0 pl

0.5 (U/ul) Nick translation enzyme 10.0 pl

Centrifuge-briefly in a-centrifuge to bring liquid,tosthebottom,of thejtube. Incubate at
15°C for 16 hours in"a'PCR machine. Stop the'reaction by heating at 75°C for 10 minutes.
Chill on ice. Check the size of the labeled probes by gel electrophoresis in 0.7~2% agarose
gel and look for the peak size between 50 — 500 bp (or 100-300 bp) of the DNA fragments.
To precipitate the labeling probe, the following components were combined, and the

mixture was then incubated at —-80°C for at least 15 minutes (Table 5).
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Table 5. Components for probe precipitation

Component Volume/Reaction
DNA labeled (Nick reaction) 5.0 ul
COT-1 1.0 pl
Human placental DNA 2.0
Purified water (ddH,0O) 4.0
3M Sodium acetate (NaOAe) 1.2
Absolute ethanaol 30.0 wl
- J

Centrifuge the mixture airmaximum speed at 4°C. Discard the supematant, then
vacuum dry for about 10 minutes. Resus;'q;end the probes in 10 pl hybridization solution.
Store the DNA probe at =20°C until tse. ::*

Fluorescence in situ hybridization (FISH) ‘,

FISH was performed on metaghase éhpegds using standard molecular cytogenetic
techniques. Fixed cell suspension from the C'F-ir"omosome analysis was used for preparation
of metaphase on the slides. Drop"fhetéphases;ia_f?é;;\/ drops angled on the microscope slide.
Air-dry the slides and leave them’-O\'/e'rnight. lf.Q’EH"é-‘s'I'Tdes are not dry enough, dehydrate the
slide by immersing thef e a st rh dry. Wash slides with 2X SSC
/0.05% Tween 20 at 5‘7"'0 for 1 hour. Dehydrate the slidé:s’ with 70%, 90%, and 100%
ethanol for 1-2 min eacdh- and allow to air dry. During iﬁcubation, denature probes for
hybridization at#5°C for 5 minutes. Apply" 10/ \ptof denatlred probes to the slide.
Immediately applyia coverslip and seal with rubber cement. Incubate slides with probe for 2
minutes ‘at 72°C infDybridization “tower, Keep‘the slidesiin ‘a moist'chamber at 37°C
overnight.‘/Remove rubber cement by using forceps. Remove coverslips by gently tipping
them off. Wash the slides with 0.4X SSC at 68°C for 2 minutes. Washing the slides in 2X
SSC at room temperature for 2 minutes. Apply 10-20 pl of DAPI counterstain and a coverslip

to hybridization location. Examine using a fluorescence microscope with appropriate filters.
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Clone Type Accession Sequence Position Chromosome
Length (bp) Band
RP11-329N22 BAC Library AL513479 193826 385M 1p34.3
RP5-1066H13 PAC Library AC119677 170397 41.0M 1p34.2
RP11-282K6 BAC Library AC093420 193766 43.4 M 1p34.2

RP1-92014 PAC Library AL139289 90433 43.5M 1p34.2-1p34.1
RP11-506B15 BAC Library Al:5338862 167444 43.6 M 1p34.1
RP5-1029K14 PAC Library A00928%_5.__ 126651 43.8 M 1p34.1
RP11-184116 BAC Library, AL45106,_2 141866 439 M 1p34.1
RP11-570P14 BAC Library, AL35665;'.__ 16184 4425 M 1p34.1
RP11-30D7 BAC Library AL596225'-:’-7-, _ 148750 447 M 1p34.1
RP11-69J16 BAC Library AE359473 _ 79340 452 M 1p34.1
RP11-291L19 BAC ibrary AL451136 137143 456 M 1p34.1
RP11-322N21 BAC Library AL672043 87234 46.35 M 1p34.1
RP11-49P4 BAC Library AL136373 121112 46.8 M 1p33.0
RP11-346M5 BAC Library AL731892 123921 471 M 1p33.0
RP11-330M19 BACLilrary AC09654 1 200368 48.0M 1p33.0
RP11-329A14 BAC Library AL356968 173373 48. 6M 1p33.0
RP11-428D12 BAC Library AC097062 185700 49.0 M 1p33.0
RP11-296A18 BAC Library AL162430 211791 51.4 M 1p32.3
RP11-334A14 BAC Library AL445183 193774 532 M 1p32.3



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&list_uids=19068257&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&list_uids=18650679&dopt=GenBank
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Sequence Chromosome
Clone Type Accession Position

Length (bp) Band

RP11-109I12 BAC Library AC091609 183521 553 M 1p32.3

RP11-243M12 BAC Library AL359739 170284 57.7 M 1p32.2

RP11-470E16 BAC Library AC093425 179499 59.3 M 1p32.1

RP11-32117 BAC Library AC096534 195270 61.2M 1p31.3
RP4-61404 PAC Library AL121763 150728 33.3M 20911.22
RP11-425M5 BAC Libragy AL109614 194433 35.6 M 20911.23

RP5-1123D4 PAC Library ALO496SI9_1___ 169243 385M 20912
RP4-753D4 PAC Library AL03167_6 4 % 126635 41.0M 20013.11
RP1-47A22 PAC Library, AL117374 4 84000 411 M 20013.11
RP3-453C12 PAC Library AL021578'-':’-7-, _ 147620 43.4 M 20013.12
RP5-1050K3 PAC Library AET21776 _ 1743981 451 M 20013.12
RP4-569M23 PAC. Library AL031666 ' 116370 45.4 M 20013.13
RP1-73E16 PAC Library 795330 43922 459 M 20013.13
RP11-347D21 BAC Library. AL357558 63227 46.0 M 20013.13
RP1-66N13 PAC Library AX37078 80725 46.4 M 20013.13
RP5-991B18 RACLiBrary Ak049541 129874 4B,6/M 20013.13
RP5-1164110 PAC Library AL049537 110028 47.0M 20013.13
RP4-791K14 PAC Library AL035685 155318 47.5M 20013.13
RP5-1114A1 PAC Library AL035684 148845 49.7 M 20913.2
RP11-80K6 BAC Library AL121902 170740 51.0M 20913.2
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Sequence Chromosome
Clone Type Accession Position
Length (bp) Band
RP4-749H19 PAC Library AL117380 178473 55.0 M 20g13.31
RP5-1018E9 PAC Library AL035455 148667 56,4 M 20g13.32
RP4-719C8 PAC Library AL121908 150985 57.7 M 20g13.32
RP11-157P1 BAC Library AL354836 141056 60.3 M 20g13.33

Table 7. List of primers for generation of fra-gmented probes from BAC/PAC clones

Annealing
Primer sequence Amplicon
Primer Name temperature
(5-3') o size (bp)
. (7C)
RP5-1029K14-F1 GAG TGC GAT GAA GAT GAG GA 59 8850
RP5-1029K14-R2 TCAGAC,TGG TCTTGA ACT CC
RP5-1029K14-F2 CCT GCT GCF GAC{E_IT_VGTG AC 59 10050
RP5-1029K14-R3 CTG AGE ATC CAT C_;CTKTAT GC
RP5-1029K14-F3 CCT ATAGGA CCC AGT CAG GA 57 8540
RP5-1029K14-R4 GTC ACAAGG TAAGCAGCAGG
RP11-347D21-F2 VGGA TGC CTC AGG AAACTT AC 57 9910
RP11-347D21-R1 AGAGCT GTT GAACCT GGG TG
RP11-347D21-F3 CTGTGT TAG CCAGGATGG TC 57 9860
RP11-347D21-R2 ACC TGT CCAGGC AGG AAT TC
RP11-347D21-F4 ACC TCT CGC TCT,CTG GGC/TT 57 11260
RP11-347D21-R3 CTC TCC CTG CCT AGT TTC CA
RP11-347D21-F5 GCT GAACAG GGAGTA AGG AG 57 10467
RP11-347D21-R4 AAG GAG TGG CTC TCAGAC AG
RP11-347D21-F6 GCT CAC TAC CCC TCAGAC AG 57 10529
RP11-347D21-R5 CCACGC ATC TCT CAC TCATC
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DNA Extraction

Total DNA extraction was performed according to Qiagen kit protocol. Buffy coat
from 3-5 ml of EDTA blood was separated by centrifugation at 1,000 x g for 10 minutes.
Remove plasma and transfer buffy coat to a new 15-ml tube. Add 10 ml cold lysis buffer |
and mix thoroughly. Centrifuge at 1,000 x g for 5 min, discard supernatant and then repeat
this step once. Add 200 ul Buffer AL to the sample and 20 pl proteinase K. Mix by pulse-
vortexing for 15 s. Incubate at 56°C for 10/ min. Add 200 pl ethanol (96-100%) to the
sample, and mix again by pulse-vortexing for 15.s8. After mixing, briefly centrifuge to remove
drops from the inside of the'lid@arefully apply the'mixture to the QlAamp Mini spin column
(in a 2 ml collection tube) withett.wetting the rim. Centrifuge at 6000 x g (8000 rpm) for 1
min. Place the QlAamp MinidSpin” ¢olumn in a clean 2 mi collection tube and discard the
tube containing the filtrate. J/Add 500 pl Buffer AW1 without wetting the rim. Centrifuge at
6000 x g (8000 rpm) for! minl. Place theQIA"émp Mini spin column in a clean 2 ml collection
tube, and discard the collection tukge _contaifﬁr}gdt_he filtrate. Add 500 pl Buffer AW2 without
wetting the rim. Centrifuge at full spéed (20}@90 X '@; 14,000 rpm) for 3 min. Place the
QlAamp Mini spin column in @ new-2m collec@:}i‘tube and discard the old collection tube

with the filtrate. Centrifuge at full-speed for 1 :min',ﬁlace the QlAamp Mini spin column in a

clean 1.5 ml microcenfrifuge tube, and discard the collection’ tube containing the filtrate.

Add 200 pl Buffer AE or distilled water.

RNA Extraction

Total RNA extraction was performed according to Qiagen kit protocol. For blood
samples, buffy coat from 3-5 ml of EDTA blood was separated by centrifugation at 1,000 x g
for 10 minutes. Removey plasma_‘and transfer buffy coat to,a new/S-ml tube. Add 10 ml
Buffer EL and mix thoroughly. Incubate for 10—15 min on ice. Mix by vortexing briefly 2 times
during incubation. Centrifuge at 400 x g for 10 min at 4°C, and completely remove and
discard supernatant. Add 10 ml Buffer EL to the cell pellet. Resuspend cells by vortexing
briefly. Centrifuge at 400 x g for 10 min at 4°C, and completely remove and discard

supernatant. Add 600 ul Buffer RLT to pelleted leukocytes. For lymphoblastoid cell line,
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harvest 10 ml of lymphoblastoid cell line with cell density of 1x10° cells /ml. Pellet the cells
by centrifuging for 5 min at 300 x g in a centrifuge tube. Carefully remove all supernatant by
aspiration. Disrupt cells by adding 600 pl Buffer RLT. Pipet lysate directly into a
QlAshredder spin column in a 2 ml collection tube (provided) and centrifuge for 2 min at
maximum speed to homogenize. Discard QlAshredder spin column and save homogenized
lysate. Transfer lysate to new 1.5-ml tube. Disrupt cells by adding 600 ul Buffer RLT.
Transfer each cell lysate after adding buffer ALT into a QlAshredder spin column in a 2 ml
collection tube and centrifuge for 2 min at.maximum speed to homogenize. Discard
QlAshredder spin column and save hom?r)genized lysate. Add 1 volume 600 pl of 70%
ethanol to the homogenized_ lysaterand mix by pipetting. Do not centrifuge. Carefully pipet
sample, including any precipitate” which mail/ be formed, into a new QlAamp spin column in
a 2 ml collection tube withodt moistening the"'rim. Centrifuge for 15 s at 8000 x g (10,000
rpm). Transfer the QlAamp spin column into% new 2 ml collection tube. Apply 700 pl Buffer
RW1 to the QIAamp spin €olumn @nd pentrif@g__g for15s at8000 x g (10,000 rpm) to wash.
Place QlAamp spin columniin a new 2:7_ml coliéﬁ,tion tube. Pipet 500 pl of Buffer RPE into the
QlAamp spin column and Centrifuge it 5 sié@OO X g (10,000 rpm). Carefully open the
QlAamp spin column and add 500l of Buffé;."-'Fz.PE. Closerthe cap and centrifuge at full
speed (20,000 x g, 14,QOQ_me)_i@r_3_min._..Pla-ce the-QlAamp spin column in a new 2 ml
collection tube and diééard the old collection tube with the*fizlztrate. Centrifuge at full speed
for 1 min. Transfer QIAarﬁb spin column into a 1.5 ml microéentrifuge tube and pipet 30-50
ul of RNase-freelwater directlyionto the QlAamp‘me mbrane.Centrifuge for 1 min at 8000 x

g (10,000 rpm) tofelute. Repeat this step once.

Reverse Transcription'PCR

Reverse transcription PCR was performed using the SuperScript Il First-Strand
Synthesis System for RT-PCR (Invitrogen) from total RNA extracted from peripheral blood
and EBV transformed lymphoblastiod cell line. Prepare RNA/primer mixture, total RNA of 1
pgto 5 ug was mixed with 2.5 pM oligo and 0.5 mM dNT Ps to make a total volume of 10 pl.

Incubate at 65°C for 5 min, then place on ice for at least 1 min. Prepare the following cDNA
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Synthesis Mix, add 1xRT buffer, 5mM MgCl,, 10 uM DTT, 40 units RNasOUTTM, 200 units
SuperscriptTMIII RT each consecutively. Add 10 pl of cDNA Synthesis Mix to each
RNA/primer mixture, mix gently, and collect by brief centrifugation. Incubate at 50°C for 50
minutes followed by 85°C for 5 minutes to terminate the reactions. Chill on ice. Collect the
reactions by brief centrifugation. Add 1 ul of RNase H to each tube and incubate for 20 min

at 37°C. cDNA synthesis reaction can be stored at -20°C or used for PCR immediately.

Mutation analysis of the promoter sequence

PCR amplification of the promotorisequences of the PTPRF gene was performed
using primers as shown in“fable 8+ The PCR reaction was performed in a total volume for 20
pl reaction mixture in 200 uM dNT Ps; 1X Qi&lxgen PCR buffer (contains 1.5 mM MgCl,), 1X Q-
Solution, 0.1 unit HotStarTaq (QIAGEN), O.é; M of each primer and 50 ng of genomic DNA
The PCR amplification was performeq as foﬂbvxf_s: initial denaturation at 95°C for 15 minute,
followed by 35 cycles of denaturation. at 9é°C for 45 seconds, annealing at 60°C for 45
seconds, extension at 72°Cfor 4 mintjte andi_:éi:ﬂdr'-\al extension at 72°C for 10 minutes. PCR

vl

products were treated with ExoSVAPV—-I_:F (USP @_o}goration, Cleveland, OH) at 37°C for 40

LS

minutes followed by inactivation at 80°C for Zﬂ.minutes. PCR products were sent out for

direct sequencing (I\/Iarcrogen Inc., Seoul, Korea).

Mutation analysis of thé coding sequence

PCR ampl ification;of the entire coding sequences and flanking intronic sequences
of the PTPRF gene was performed using set'of primers and parameters as shown in Table
8. We used 50 ng of genomic DNA, 1XPCR buffer (Fermentas Inc., Maryland), 1.5 mM
MgCl,, 02ymiNiTdNT RSy 002 M 6f each priméniand 076 U/Tag DNAfalyingrase (Fermentas
Inc., Maryland) in a total volume of 20 pl. The PCR amplification was performed as follows:
initial denaturation at 95°C for 5 minute, followed by 35 cycles of denaturation at 95°C for 45
seconds, annealing was performed at optimal annealing temperature (Ta) for each specific
primer (Table 8.) for 45 seconds, extension at 72°C for 1 minute and a final extension at

72°C for 10 minutes. The PCR products were treated with ExoSAP-IT (USP Corporation,
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Cleveland, OH) at 37°C for 40 minutes followed by inactivation at 80°C for 20 minutes. The

PCR products were sent out for direct sequencing (Macrogen Inc., Seoul, Korea).

Detection of abnormal splicing fragment by amplification of complementary DNA

Amplification of the whole complementary DNA PTPRF would help detection of

splicing defect. PCR amplification was performed using set of primers and parameters as

was performed as follows: initi - or mlnute followed by 40 cycles of

shown in Table 9. We used 100 ng tary DNA, 1XPCR buffer (Fermentas Inc.,

Maryland), 1.5 mM MgCIZ, 0. f each primer and 0.5 U Tag DNA
polymerase (Fermentas In of 20 pl. The PCR amplification
denaturation at 95°C for erformed at optimal annealing
temperature (Ta) for each s ifi i ‘, : seconds, extension at 72°C for 1
tes. The PCR products were
t 37°C for 40 minutes followed

by inactivation at 80°C fc inute ducts were sent out for direct

Corporation, Ann Arbo and were aligned with nugleotide BLAST program from

’Q“mﬂﬂﬂim UAIINYA Y


http://www.ncbi.nlm.nih.gov/BLAST

Table 8. List of primers for amplification of PTPRF genomic DNA
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Annealing Amplicon
Primer sequence
Primer Name temperature size
(5-3)
°c) (bp)
Promoter LAR-F2 TTG ATC TGG GAATGG GAG AGC
60 948
Promoter_LAR-R2 TGG ACT AGC GGG GAG GGC AAG G
LAR-EX3-F CTG GAT GGT CAG TGA GGATG
57 560
LAR-EX3-R TCT'GCA ACAGTGCAC.ACAGC
LAR-EX4-5-F TEAACAGTG CCT CGECACATA
57 750
LAR-EX4-5-R TCOAGE ACT GAC TTT. CAC.TG
LAR-EX6-F EC T 1A GICIOTC GAMAAC
— 61 700
LAR-EX6-R GAC €AC ACT-GBC ACATCACA
LAR-EX7-F C@T JGE TTC TAG ACAGGAGG
— 57 630
LAR-EX7-R GCACAT, ACACCAAGAAGT CG
LAR-EX8-F GGQICTC.AGT TTQ—CTA GGCTA
, 63 792
LAR-EX8-R CTAGCGATIGATGICIC CCACC
LAR-EX9-F1 CCT TCAGAG GTC'ACE ATAAG
63 922
LAR-EX9-R1 A e
LAR-EX10-11-F TGT GTG GTC AGT TGG GAT GT
, 58 1040
LAR-EX10-11-R AGT TCG GTT TGG.CCAGCAGA
LAR-EX12-F CAG.CAC CTAIAGG GGT AGC CT
61 652
LAR-EX12-R CTT CTC CCATCT TAG CCT GT
LARSEXTG-F CAG GGACAG ATG ATC' TAAGG
60 486
LAR-EX13-R1 AGC ATC TCG GGT CTC ACA AC
LAR-EX14-F TCA GAG CAT CTG TAG CTG CT
57 540
LAR-EX14-R CTG CTC GAC AGG CAA GAA GT
LAR-EX15-16-F TCC TCT CCAGCA GAG GCC AC
61 1054
LAR-EX15-16-R TTG GAG GTC ACA CAC CAG AG
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Annealing Amplicon
Primer sequence
Name temperature size
(5-3) o
(°c) (bp)
LAR-EX17-19-F CTT GGT ACT CTG CAG CCATC
57 947
LAR-EX17-19-R TGAGAG TCACTG GGACAG TG
LAR-EX20-21-F GGG CTC TGA CAC GGA AGG TG
61 958
LAR-EX20-21-R GGG TCC AGG ATG CAAGGC TG
LAR-EX22-F GGG GCAGTAGGAGEACAG AG
, 59 301
LAR-EX22-R CET'CCAGAA CAG ACCCAC AG
LAR-EX23-F GRE"CHC.CAT GGT.CAC ACGATG
- 59 280
LAR-EX23-R GiIfA GE AGAG-GACAGC AGE.TG
LAR-EX24-25-F 168G 676 GCACEA CGA GAT AG
=y 57 720
LAR-EX24-25-R AGC GAC TTC CTC CAG AGA AG
LAR-EX26-27-F GGII' GAC. ATA Gc'i__TG:A GGACC
60 840
LAR-EX26-27-R GCABGACAC GEGGETC AGC TT
LAR-EX28-29-F ACT GCAGET GAG AGG GTACA
_ 59 770
LAR-EX28-29-R .. CCCTCTCTG GTC'TIC TAGGC,
LAR-EX30-31-F || - TAG AGC AGT GAG GAC TTCCT |
— — 57 693
LAR-EX30-31-R ICTT GAG CTAAGG TAC CAT GC
LAR-EX32-33-F QAL GGT ACT ACC.CTG GTC TA
57 640
LAR-EX32-334R GGT/AGG ACC ATAAGC ACA CA
LAR-EX34-F CTAACT CCATGG CTG CAG TG
57 269

LAR-EX34-R

CCAGIG ACAGCATCT GCGTA
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Table 9. List of primers for amplification of PTPRF complementary DNA

Primer sequence Annealing | Amplicon

Fragment Primer Name o _
(5-3") temp (TC) | size (bp)

PTPRF-mRNA-F1 TGG ATAGGC GGA AGG AGT GG
Fragment 1.1 60 993
LAR-mRNA-R2 CTC CAG GAC GTT GCG GCC AA

LAR-mRNA-F2 TGC TCG AAG AGG AAC AGC TG
Fragment 1.2 60 760
PTPRF-mRNA-R1 CCA ATG CTIGTAG CGG GTG GT

PTPRF-mRNA-F2. 1. CAG CGT GAACGIFGAC ATG CG
Fragment 2 - 60 1298
PTPRF-mRNA-R2 ACTCCE TECC ACTTEICCA GG

PTPRF-F2171 CAG AAq GTG ATG TGTGTG AG
Fragment 3 60 1050
PTPRF-R3220 @QL GTh QAT GTICTCGGAAC
PTPRF-mRNA=F4.1 TCGC AGAAGG AGATCAGGACC
Fragment 4 : = 60 1280
PTPRF-mRNA-R4.1 TGG.ETGETC TCG CAFRACC TG
PTPRE-mRNAF5 | CCC/TAC TCG GAT.GAG ATC GT
Fragment 5 ' — 52 1330

PTPRF-mRNA-R5.1/| GCAGAC AGAGAC GGG TCA AT

PTPRF-mRNA-F6 | GGAGCG GAT GAA GCACGAGA
Fragment 6 ' : 60 1456
PTPRF-mRNARE | CAA CCC CTACAG TGG CCC AT

PTPRF-mRNA-F7 GTACCT CGG CAG CTT-TGACC
Fragment 7 " 60 1570
PTPRF-mRNA-R7 CAG CAC TAG CAT CCACAA GG

Quantitative Realzlime PCR

Gene, .expression, was .quantified , by, StepOneRlus™ .Real-Time PCR Systems
(Applied Biosystems “CA)" Total RNA"ektracted from peripheral blood"and EBV transformed
lymphoblastiod cell line was converted to cDNA and used for this experiment. We quantified
gene expression using primers and probes for GAPDH (Table 13.) as well as the Assay-On-
Demand products for PTPRF (Hs00160858_m1), PTPRF (Hs00892984_m1) (Table 12.). The
Assay-On-Demand products and universal master mix were commercially purchased

(Applied Biosystems). Each probe was run in a separate tube, triplication. The components
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of each reaction were shown in Tables 10-11. The total volume was 20 pul. The real-time PCR
program started with a 2-minute UNG activation step at 50°C, followed by a 10-minute
denaturation at 95°C, during which the hot start AmpliTagGold DNA polymerase was fully
activated. This was followed by 40 cycles of 15 seconds of denaturation at 95°C and 1
minute of annealing/elongation at 60°C. For relative quantification, the following arithmetic
formula was used: 2'AACT, where the amount of target gene was normalized to GAPDH and
the relative expression of PTPRF gene was calculated in relation to the mean value of target

gene expression in the healthy eontrol group.

Table 10. Real-Time PCR Caomponenis for PIPRF expression analysis

Component Volume/Reaction
TagMan Gene Expression Assay (20x)7‘:: 1l
cDNAtemplate + H,O 9l
TagMan Universal PCR Master. Mix(2x) (With;AmpErase UNG) 10 pl

Table 11. Real-Time PCR Componeénts for GAPDH

Companent Volume/Reaction
10 uM GAPDH-F85 0.4
10 uM GAPDH-R194 0.4
10 uM GAPDH-P121 (HEX) 0.2 ul
cDNAtemplate ™+ H50 9 ul
TagMan Universal PCR Master Mix (2x) (with AmpErase UNG) 10

Table 127 List of TagMan Prabesin Quantitative|Real-Time PCR experiment

Fl Ampli
Gene Position Name uorescence mplicon
Label Size
PTPRF Exons 5-6 Hs00160858_m1 FAM 60
PTPRF Exons 32-33 Hs00892984 m1 FAM 71
GAPDH Exons 2-3 GAPDH-P121 HEX 107
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Table 13. Description of Tagman Probes for GAPDH in Quantitative RT-PCR

Position (MRNA)
Name Sequence 5-3’
NM_002046
GAPDH-F85 5’-gtgaaggtcggagtcaacgg-3’ 85-104
GAPDH-R191 5’-tcaatgaaggggtcattgatgg-3’ 121-140
GAPDH-P121 HEX-cgcctggtcaccagggetge-BHQ1 191-170

Western Blot Analysis

Harvest 20 ml of lymphoblasioid cell line with cell density of 1x106 cells/ml. Wash
cell pellet twice with PBS_and.Centrifuge at 1,000 g for 10 minutes. Transfer the cell
suspension into a 1.5 ml cenftrifuce tbe. Add ice-cold RIPA lysis buffer with Halt protease
inhibitor cocktail (Pierce) approximately TOOT_:ML-per sample. Lysed cells were incubated on
ice for 30 minutes, and sonicated with an u;_tr.glsgnic sonicator at 80% power output for 10
seconds twice on ice. Lysaies were centrifugéé g.t 12,000 g for 10 minutes. The supernatant
was collected and the protein concentrations \}va_?;é{determined using the BCA protein assay
reagent (Pierce). Protein extract of100 ug W:afé_;treated with 6x SDS sample buffer and
heated at 95°C fori& minutes. Protein was electrophoresed through an 8% SDS
polyacrylamide gel electrophoresis (SDS-PAGE) at 100 V-for 2 hours. Transfer protein to
PVDF membrane (GE Healthcare) at 100 V for 3 hours. Blotted PVDF membrane was
blocked in freshly-prepaned Tris buffen saline(TBS), with1 070 14% Tween 20™ and 5% nonfat
dry milk (TBST-M) for 1 hour at room temperature with constant agitation. Blocked
membranes mwere-incupbated-with-(1+100 in TBST -M) ;anti-L-AR, (BB, Transduction Laboratory)
overnight at 4°C with"constant agitation. The PVYDF'membrane®was washed three times with
agitation in Tris buffer saline (TBS) with 0.01 % Tween 20™ (TBST) for 5 minutes and then
incubated with secondary antibody (1:1000 in TBST-M) goat anti-mouse IgG-HRP
conjugated (sc-2005) (Santa Cruz Biotechnology) for anti-LAR, for 1 hour at room
temperature with agitation. Wash the PVDF membrane three times for 5 minutes with TBST.

LAR proteins were detected by using SuperSignal West Pico Chemiluminescent
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Substrate™ (Pierce). In brief, two substrate components were mixed at a 1:1 ratio to
prepare the substrate working solution. The working solution was then added directly to
PVDF blot and incubated for 5 minutes at room temperature. The excess substrate was
removed, and the membranes were covered with plastic wrap. The protected membrane
was placed in a film cassette with the protein side faced up and exposed to X-ray film
(Kodak). Exposure time may be varied to achieve optimal results. To determine GAPDH for
protein normalization, the membrane was stripped, with 0.2 M NaOH for 30 minutes. Wash
three times with agitation in Tris buffer saline (FBS)swith 0.01 % Tween 20™ (TBST) for 5
minutes and block with 5% nonfat dry milk (TBST-M)for 1 hour at room temperature with
constant agitation. GAPDH was detérmined using (1:1000 in TBST-M) anti-GAPDH antibody
(Trevigen) and (1:1000 ingTBST- V) goat-'-anti—rabbit IgG-HRP sc-2030 HRP conjugated

(Santa Cruz Biotechnology)gfespedtively —

it

Haplotype analysis - "

Panel 1 and 2 of the J/ABI “Prism 'I'_'i'hR'age Mapping Set version 2.5 (Applied
Biosystems, Foster City, CA) were amphfred These twa panels consist of 31 tandem repeat
markers on chromosome 1 that deflne a 10 EMresqunon human index map (Table 15).
Each panel consists of'a group of markers that Weré quorescentIy labeled with FAM, HEX, or
NED. Amplifications weré : carried out as smgle reactions in 96/ well plates, according to the
manufacturer's protocol. An additional four microsatellite markers selected from Mapviewer,
NCBI (D183721, D152645:D4S2713, D1S3728).were used (Table 14.). These markers were
amplified in a 20wl reaction mixture containing 50 ng'DNA; 0.2 yM of each primer, 0.2 mM
dNTPs, 11XPCR buffer (Fermentas Inc., Maryland)..1.5 mM MgClgand 0.5 U Tag DNA
polymerdse (Fermentasngd., Maryland). PCR [condition'was peftformed las follows: initial
denaturation at 95°C for 5 minutes, followed by 35 cycles of denaturation at 95°C for 45
seconds, annealing was performws at 60°C for 45 seconds, extension at 72°C for 45
minutes and a final extension at 72°C for 10 minutes. After PCR-amplification of genomic

DNA samples, amplified fragments were resolved on an ABI PRISM 3100 Genetic Analyzer

(Applied Biosystems) together with ROX-500 size standard (Applied Biosystems). The
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resulting genotype data were analysed using GeneScan Analysis (Applied Biosystems).

Allele numbers were assigned for each marker based on the size of the amplified fragment.

Table 14. List of microsatellite Markers selected from Mapviewer

Locus UniSTS Forward Primer 5’-3’ Reverse Primer 5-3’

D1S3721 | 11903 FAM-AGAGAACGGAACCAACAGAA GGTCTCTTACCTGGCAGACA

D1S2645 | 78397 | FAM-TTC CCC ACATIGI/GIG TAT AG CTG GCT TGAGTG TAG ACT CG

D1S2713 | 26158 FAM-CAG.CCC CCA ACAECAT AC CCT TAG GAG TCT ACAGAC GCC

D1S3728 | 56029 FAVMEGTARCETTGCCCARRACAG A AAGAGGTTAAGAATAAAGGCTGC

Table 15. List of microsatellite Markers for. chromosome 1

Locus °Y2 Variation typ__e. Heterozygosity Position
Label !

D15468 VIC Dinucleotidéle_ 0.76 3.5M
D15214 NED S| fDifuclectider,| 10.78 6.8 M
D18450 FAM | Diptigieotide: {4, 0,81 9.5M
D1S2667 VIC Dinucleotide ___-'; 0.82 11.4 M
D152697 VIC | Dinucleotide | 0.7 16.3 M
D15199 FAM Dinucleotide Y 19.8 M
D1S234 FAM Dinucleotide 0.81 25.0 M
D1S255 VIC Dinucleotide 0.75 37.4 M
D1S3721 FAM #iTetranucleogtide - 41.5M
D1S2645 FAM Dinucleotide - 42.0 M
D1S2713 FAM Dinucleatide - 44.2 M
D1S2797 FAM Dinueleoticle 0.74 46.7 M
D1S2890 VIC Dinucleotide 0.81 57.6 M
D1S3728 FAM | Tetranucleotide - 59.5 M
D1S230 VIC Dinucleotide 0.78 60.7 M
D1S2841 VIC Dinucleotide 0.78 68.3 M
D1S207 FAM Dinucleotide 0.84 82.3 M
D1S2868 FAM | Dinucleotide 0.76 93.1 M
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D15206 NED | Dinucleotide 0.82 101.4 M
D1S2726 NED | Dinucleotide 0.75 110.9 M
D18252 VIC | Dinucleotide 0.81 117.3 M
D13498 NED | Dinucleotide 0.82 149.5 M
D13484 VIC | Dinucleotide 0.64 159.0 M
D152878 NED | Dinucleotide 0.84 163.6M
D15196 VIC | Dinucleotide 0.74 165.8 M
D15218 NED .| Dinucleotide 0,63 172.7 M
D15238 FAV aleDINicleotice 0,86 186.4 M
D15413 Fame|_dfadciotice 0.76 196.8 M
D15249 ram” L Difdolodiide 0,87 203.9 M
D18425 NeR® L Dindeieatide 0,81 2101 M
D15213 NEDS | #Djhucleniide) | | Y0.86 221.8 M
D152800 Fam 4| Pirueicoide (& 1 0.7 232.5 M
D1S2785 vic | Diniicleotide=—fs. 10,76 238.9 M
D152842 NED | Dinueleotide _' 0.76 240.9 M
D152836 NED | Dinucleotice |  0.79 244.9 M

PTPRF Gene Phylogeny

Analyses of ceding sequences weressearched from|human PTPRF orthologues
sequences at http://www.ensembl.orgg” Multiple seguence alignment was achieved using
ClustalWi&Molecular Evolutionary. Genetics Analysis (MEGA) SoftwareVersion 4.0 (108) was
used for phylogenetic and molecular evolutionary analyses based on the Neighbor-Joining
(NJ) and maximal parsimony methods. Sequences selected for the phylogenetic tree are

listed in Table 16.


http://www.ensembl.org/

Table16. List of PTPRF cDNA sequence from NCBI and ensembl

Species NCBI ID/Ensemble ID
Cow ENSBTAT00000024046
C.elegans C09D8.1d
Dog ENSCAFT00000008256
Guinea Pig ENSCPOT00000010432

Ciona intestinalis

ENSCINTO0000015315

Ciona savignyi ENSCSAVT00000010989
Danio rerio ENSDART00000065586
D.melanogaster DLarrRA FBtr0081260
D.melanogaster DLar-RB FBtr0112800
Horse ENSECAT00000015281
Species NCBI'ID/Ensemble ID
Stickleback - "ENSGACT00000003944
Chicken : - ENSGALT00000016337
Macaque i'—__rE_.I_\ISI\/II\/IUTOOOOOO17492
Wallaby. _ENSMEUTOOOOOO16188
Mouse ENSMUST00000049074
Platypus ENSOANF00000010223
Me daka ENSORLT00000003985
Chimpanzee ENSPTRT00000049482
Orangutan ENSPPYT00000001727
RAT ENSRNOTOO000027274
Zebra Finch ENSTGUT00000007709
Fugu ENSTRUT00000022538
Tetraodon ENSTNIT00000018672
Dolphin ENSTTRT00000002379
Xenopus ENSXETT0000000479%4

52
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Lizard ENSACAT00000014201
Human ENST00000359947
Aedes aegypiti XM_001650582.1
Anopheles gambiae XM_319248.3

Identification of other submicroscopic chromosomal imbalances

We performed SNP array for genomewidgsgenotyping using lllumina Human 1M
Beadchip. In brief, the patient " DNA was extracted using Qiagen kit according to the
instruction. DNA sample of d«ligs\was assayed for over 1,000,000 SNP loci. DNA was
amplified overnight; the amplified product I.l_l/vas then fragmented by a controlled enzymatic
process. After alcohol pregipitation and feé'uspension of the DNA, the BeadChip was
prepared for hybridization infthe capi-lla_ry ﬂd?wsihrough chamber; samples were applied to
BeadChips and incubated overnight. The am'@jfiqd and fragmented DNA samples anneal ed
to locus-specific 50-mers (covalentzlyi _I;_riked t'q":cgge of aver 1,000,000 beadtypes) during the

hybridization step. One bead ty'ipie';correspé_hf@é" to each allele per SNP locus. After

hybridization, allelic specificity is conferred by enzymatic base extension. Products were

subsequently ﬂuoreseé_btly stained._The intensities_—of tE}__e-f beads' fluorescence were

detected by the lllumina BeadArray Reader, and were in furn analyzed using Bead Studio

software for automated géhotype.

Statistical Analysis

Statistical.significance was determined.according to anindependent sample t-test

using the SPSS"program version 115 as specified.



CHAPTER IV
RESULTS

Chromosomal translocation in the proband and family members
We performed chromosome analysis of the proband and her family members on the
metaphase spreads. The results showed an apparently reciprocal balanced translocation in

our patient.
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This similar translocation was also present in her unaffected mother and other

unaffected family members (Figure14-17) but not in her elder brother (Figure 18). The

pedigree of this family was shown in Figure 19.
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Figure 16. Chromosome analysis of the elder sister showing 46XX, t(1;20)(p34.1;913.13).
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Figure 17. Chromosome analysis o ...;.g;!.. he ing 46XX, t(1;20)(p34.1;013.13).
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Figure 18.Chromosome analysis of the elder brother showing normal 46XY.
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Figure 19. Pedigree of the family members showed that the patient, the unaffected mother
and both unaffected sisters carried the balanced translocation of 46XX,
t(1;20)(p34.1;913.13). (black circle"="proband, half filled circle = unaffected members with

balanced translocation) \

Familial, reciprocal autosomeal translogation segregating with a specific phenotype,
although rare, has proved useful for characte?izing disease genes. A familial and apparently

silent reciprocal translocation is' occasionally observed in a phenotypically abnormal

propositus. From a theoretical \viewpaint, sué;h ‘cases may result from mere chance, or
Pl
reflect autosomal recessive inheritance, where one allele is disrupted by the translocation

and the other allele by an intragenic mutation (67)..

wdi

FISH analysis with breakpoint-spanning-ciones

In order to charéo’terize the translocation breakpoints,rsequential FISH analysis was
performed with BAC- andﬁrPAC—cIones with inserts derived from 1p31 to 1p34 and 20911 to
20013 (Table 6)LAs shown in Figure 19, ane of these PAC probes; RP5-1029K14, produced
a FISH signal on*both derivatives at 1p34.1 and 20p13.13, indicating that RP5-1029K14
encompasses’ the translocation“bréakpaoint (Figdre M9)lThe' 1261k gendmic insert of the
PAC contains the PTPRF gene in its telomeric portion (Figure 21). Whereas chromosome 20,
three clones were spanning the translocation (RP1-73E16, RP11-347D21, RP5-991B18)
(Figure 20). However, these three clones do not contain any known genes. We further
narrow down the critical region, using approximately 10-kb probes created by a long range
PCR technigue and the RP5-1029K14 clone as template. One subfragment probe that gave

a split signal was spanning from intron 8 to intron 12 of PTPRF gene (Figure 21).
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Figure 20. Fluorescence in situ hybridizatiQ_n of RP5-1029K14 giving split signals on
chromosome 1. RP5-1029K14/spanning the 1p34.1 breakpoint is indicated by red signal.
Hybridisation signals are found on both derivative chromosomes. The 1p subtelomeric

probes labeled in green is sefved as a control.”

Figure 21. Fluorescence in situ hybridization of RP5-991B18 giving a split signal on
chromosome 20. RP5-991B18 spanning the 20913.13 breakpoint is indicated by green

signal. Hybridisation signals are found on both derivative chromosomes.



Table 17. Summary of FISH results on chromosome 1

BAC/PAC clone Location Results
RP11-329N22 1p34.3 1p, der20
RP5-1066H13 1p34.2 1p, der20
RP11-282K6 1p34.1 1p, der20

RP1-92014 1p34,1 1p, der20
RP11-506B15 19324 1p, der20
RP5-1029K 14 1p34.a Split signal
RP11-184116 1034.1 1p, der1
RP11-570R14 '1_p§4.1 1p, der1

RP11-30D7 1;954.1 1p, der1
RP11-69J16 1:;'1321.1 1p, der1
RP11-291L19 1 p341 1p, der1
RP11-322N21 1 p34] 1p, der1

RP11-49P4 1 p3-5.:{3§- - 1p, der1
RP11-346iv5 1p33.0 1p, der1
RP1 1-33701\/119 1p33.0 1p, der1
RP11-329A14 1p33:0 1p, der1
RP11+428D12 1p28.0 1p, der1
RP11-296A18 1p32.3 1plder1
RP115884A14 1032.3 1P, der

RP11-10912 1p32.3 1p, der1
RP11-243M12 1p32.2 1p, der1
RP11-470E16 1p32.1 1p, der1

RP11-32117 1p31.3 1p, der1
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Table 18. Summary of FISH results on chromosome 20

BAC/PAC clone Location Results
RP4-61404 20q11.22 200, der20
RP11-425M5 20q11.23 200, der20
RP5-1123D4 20q12 20q, der20
RP4-753D4 20q13.11 20q, der20
RP1-47A22 A\ 20q, der20
RP3-453C1 0913, 20q, der20
RP5-1050K 20q13.12~ 20q, der20
RP4-56 l/ﬁb 13\\@ _ NOq, der20
RP1-73E16 ‘ 0@3%\ i;}& it signal
RP11-3 20418.13 it signal
RP1-66NA 3 #2091 20, der
RP5-991B -4 4801 Split signal
RP5-11641100 | “420q1 © 200, der1
RP4-791K14 ::i:;%q'q'} , 20q, dert
RPS=41 14/ 1 ’52'06) der1
RP '1 206, dert
RP4—7BH13§"' 20q, der1
RP5-1018E9, 20q13.82 20q, der1
Flradindce) 1|| ikl [[E) |20 @er
[ p11157P1 20q1333 20, derfys

QWA
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Table 19. Summary of FISH results from subfragment probe on chromosome 1 and 20

BACIPAC Location Results
Subfragment

RP5-1029K14-F1/R2 1p34.1 1p, der20
RP5-1029K14-F2/R3 1p34.1 Split signal
RP5-1029K14-F3/R4 p34.1 1p, der1
RP11-347D21-F \\\ lL! 20q, der20
RP11-347D2 ‘?&} 20q, der20
RP11-3470 ' 7 plit signal

RP11-32 f ﬁ ' 0, der1

RP11-347 I//ijm\ 20q, der1

RFP11-506B15 & d RP11-184116

ﬂ —n—.—‘——ﬁ : e
Telomere i i IJ g J Il];é . Centromere

core ) AN AATRIINAGYH AT Y oo

modified fri)m the NCBI Map Viewer (www.ncbi.nlm.nih.gov/mapview). 10 kb probes are

shown in green, BAC/PAC contigs covering the 1p34.1 breakpoint are shown in purple. The

orange lines indicate the critical region.


http://www.ncbi.nlm.nih.gov/mapview
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with eight fibronectin type-IIl-
like repeats, a single transm | ﬁ y intracellular tyrosine phosphatase
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To substantiate the role _;‘.)ﬁ,?__{fRF} in humai

sisters, we studied the il ; RNA levels b ; me analysis (gRT) and protein
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level by western blot an;;/sis using RNA and protein extracted from the EBV-transformed
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Quantltavé ﬁ’j f }Fip iﬁfﬂm F;l’g mﬂg ﬁhﬂx,ma| and distal

probes. GAPDH was used for normalization. Relative expression analysis revealed that both
proximal (before the breakpoint) and distal PTPRF expressions of the proband were
significantly decreased (p <0.01) compared with those of her mother, elder sister and

unaffected control (Figure 24) The higher RNA levels detected in the mother and elder sister
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using the 5’ probe than that using the 3’ probe are speculated to be due to a feedback
mechanism to increase transcription of both PTPRF alleles.

But because of the breakpoint, the level of the intact PTPRF RNA, representing by
the RNA level determined by the 3’ probe was lower. As expected, the PTPRF's RNA level in
the mother determined by the 3’ probe was approximately half of that of control. Howe ver,
the reasons that PTPRF's RNA level in the sister was much higher than that of control remain

to be elucidated.
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Figure 24. Quantitativ-‘ej:eal—time PCR results. (A) Relative é@éntification of 5’PTPRF probe
(proximal to the breakpoiﬁ.t) showed that the expression Iev’e;l in the patient was significantly
decreased compare with dontrol, mother andisister. (B) Similarly, relative quantification of
the 3'PTPRF probe (distal to the breakpoint) showed [a significantidecreased expression in

the patient. Data represent means+SEM. * indicates P<0.01 (independent 1-taliled t-test).

Absence of protein expression in the proband
The results showed almost absence of PTPRF expression in the proband while that
of her unaffected mother and elder sister did have a significant (p <0.05) remaining level of

PTPRF protein (Figure 25). These experiments on PTPRF expression clearly showed
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differences between the proband and her unaffected mother and elder sister, although they

harbored the same balanced chromosome.

Patlent

Figure 25. Western blot anaIyS|s n.0f the patient showed a decreased level

-J'.

of the PTPRF comparéed n the mol r/and unaffected control. Data

represent means+SE §f,

B cate aliled t-test),

Mutation analysis of the PTPRE gene

We then ﬂeue&l fQ}dw Eit%];ﬁ WtEJ)’]wﬂgher allele of PTPRF of the

proband. Moreover genomic DNA frem patients of,the Netherlandsand Chile was also

conco RIS RIS AR VPR 4 o+ 50

(109), alth%ugh revealed many polymorphisms (Table 20) did not show any pathogenic
mutations. Reverse transcribed — PCR (RT-PCR) using only Thai patient's RNA obtained

from peripheral leukocytes found no aberrant splicing.



Table 20. Summary of polymorphism found in three patients

Reference Variation
Location Thai Netherlander | Chilean
SNP class

Intron 5 rs2842185 SNP T CT TT
Intron 5 rs2842186 SNP AG AA AA
Exon 6 rs1065771 SNP CC CT TT
Intron 6 rs943513 SNP. GG GA GG
Intron6 | g.39009delG Deletion GG GG (-/G)
Intron 6 rs11210874 SNP 4 "He; TC TT
Intron 9 rs2304368 SNP GG AG GG
Intron9 | g.60814G>T, SNP : GG GT GG
Intron 10 rs7540068 SNP _é GT GT TT
Intron 10 | rs7553297 SNP. ™ AG AG GG
Exon 11 rs3828154 . GRIR 4 CA CA AA
Intron 14 | rs12023161 SNP ;- AG AG GG
Intron 17 | rs17371903 |~ éNP T AA AG AA
Exon 19 | rseai248 | S\’ || GA AA AA
Exon 20 | rs1086772 | SNP Y ) cT T
Exon 20 rs10890266 SNP CT J CT TT
Intron 20 rs539096 SNP AG GG GG
Intron 23 ns6038542 SNP CT GC CcC
Intron 23 rs571862 SNP CL TT TT
Exon 25 rs641365 SNP TC cC CC
Exon 25 rs641351 SNP GA AA AA
Exon 27 rs1143701 SNP CT TT TT
Intron 30 rs568639 SNP TC CC CC
Exon 33 rs1143702 SNP CT TT TT
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Table 21. Summary results of our patient, her family members and unrelated patients
RNA
DNA analysis
Sample Phenotype Chromosome analysis
Promoter CDS cDNA
Bilateral amastia
Thai Proband with ectodermal t(1;20)(p34.1;913.13) | +92delGGCTCC "| Normal | Normal
dysplasia
Thai Mother Normal t(1;20)(p34 . 1:@13#13) Normal - -
Thai Elder
Normal t(1520)(p34.1;613.13) Normal - -
Sister
Thai Younger Normal 1
t(1520)(p34.1;913.13) | +92delGGCTCC - -
Sister
Thai Elder Normal 1
Normal +92delGGCTCC - -
Brother
Bilateral amastia
Chilean 1
5 with hypohydrotic Normal, +92insGGCTCC Normal -
Proband
ectodermal
Bilateral amastia
Netherlander
5 with hypohydietic Normal +28insGGCGGC | Normal -
Proband
ectodermal
Netherlander -
- Normal - -
Father
Netherlander -
- Normal - -

Mother

CDS = coding seqguence, cDNA = complementary DNA
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No overlapping chromosomal aberrations in three patients
Measurement of both DNA copy number and allelic ratios in three patients using
high-density SNP genotyping array did not show evidence of overlapping deletions or

duplications (Figure 26-28).

Figure 26. TM SNP Array result of the Thai patient.
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Figure 27. 1M SNP Array result of the patient from Chile.
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Figure 28.1M SNP Array result of the patient from Netherlands.
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Haplotype analysis
Microsatellite analysis of chromosome 1 revealed that the proband and her sisters
although harbored the same balanced translocation, inherited a different paternal

chromosome (Figure 29).
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Figure 29. Haplotype analysis of chromosome 1 of family members. Two square vertical
boxes on each row indicate the border of 1p and 1q, respectively. Region with transparent
background indicate uninformative intragenic SNP. Haplotype of each member was

imputed. Colors of each row represent the inherited haplotype.
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PTPRF gene phylogeny in mammals and non mammals

A nearly complete cDNA of PTPRF genes in 29 species were used for phylogenetic
analysis. Phylogenetic trees were constructed by the neighbor-joining method and
maximum parsimony. Results showed that branching pattern of mammals are separated
from non-mammals. Platypus, the only mammals that lay eggs, is the first branch that
classified mammals out of non-mammals. We provide evidence that PTPRF may have a role
in evolution of mammals. However non-mammals indicated that the gene

may not only involve in mamm t also has other functions.
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Figure 30. Evolutionary relationships of 29 taxa using neighbor Joining model (110). The
evolutionary history was inferred using the Neighbor-Joining method. The optimal tree with
the sum of branch length = 2.69166874 was shown. The percentage of replicate trees in

which the associated taxa clustered together in the bootstrap test (1000 replicates) was
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shown next to the branches (111). The evolutionary distances were computed using the
Maximum Composite Likelihood method (112) and were in the units of the number of base
substitutions per site. All positions containing gaps and missing data were eliminated from
the dataset (Complete deletion option). There were a total of 1518 positions in the final

dataset. Phylogenetic analyses were conducted in MEGA4 (108).
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Figure 3QEW rﬁa ?pgw }rm ﬂ glmodel (113). The
evolutionaq/ istory was inferred using t ximum Parsimony method. Tree #1 out of 3

most parsimonious trees (length = 4093) was shown. The consistency index is (0.394018),
the retention index is (0.535757), and the composite index is 0.228151 (0.211098) for all
sites and parsimony-informative sites (in parentheses). The percentage of replicate trees in
which the associated taxa clustered together in the bootstrap test (1000 replicates) was

shown next to the branches (111). The MP tree was obtained using the Close-Neighbor-
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Interchange algorithm with search level 3 (111, 114) in which the initial trees were obtained
with the random addition of sequences (10 replicates). The codon positions included were
1st+2nd+3rd+Noncoding. All positions containing gaps and missing data were eliminated
from the dataset. There were a total of 1518 positions in the final dataset, out of which 791

were parsimony informative. Phylogenetic analyses were conducted in MEGA4 (108).
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CHAPTER V
DISCUSSION

Mammary gland makes mammals different from other organisms. Although
excellent progress has recently been made in defining the signaling pathways that are
involved in the mammary gland development in mice (25), current knowledge about
human mammary gland development is very restricted. Patients with absence of breast
provide a way to identify genes involved in'human breast development. But the fact that
maintaining our human species relies on mammary gland development may lie behind
the reason of the very rare_ incidence of bilateral amastia, with only 53 patients reported
in the literature (Table 2).

Although strictly spgaking, atheliet refers to absence of the nipple, and amastia
refers to absence of the breask; these terms Nave been used interchangeably (13). The
term congenital breast absénge fis a se@'argte entity from hypoplasia of the breast.
Complete breast absence is defined by thé.;aijsence of the nipple, whereas nipples are
present in hypoplasia of the brea-'stf (48). Hoiwever there were no cases reported with

id o
amastia having normal nipples (48). Conversely;, many cases have been reported with

absence or hypoplasia of nipp!e_s» but the mgm_m@‘ry tissue remains (115, 116). This is

4

consistent with the embryology of the breast in which the. development of mammary

gland occurs before“tk;at of the nipples.

Syndromes associated with the absence of«breast and nipple include
ectodermal dysplasia of .the“tricho-odonto-onychial type (3),.congenital amastia with
polywhorls and' webbed fingers '«(5), 'acral-renakectodermal-dysplasia-lipoatrophic-
diabetes (AREDYLD syndrome) (6,7), bilateral @mastia with ureteral triplication and
dysmorphismi(8), amastia withivaginaliagenesis!(9) andithe'scalp+ear=nipple syndrome
(SEN or Finlay-Marks syndrome) (10, 11, 13-18). The latter is the most associated
syndrome. Additionally, renal involvement has been reported in some cases of scalp-
ear-nipple syndrome (16, 17). The structural ear malformation is presented in this
disorder but not all patients had hearing impairments.

The most overlapping features in all associated syndromes in patients with

absence of breast and nipple are the defects in ectoderm. It is possible that the disease
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gene may underlie etiology behind both ectodermal tissue and breast development. The
wide range of associated features presented in the patients may contribute to different
entity. On the other hand, those syndromes may literally the same disorder with variable
expressivity.

The features in our case include complete absence of both breasts and nipples
along with ectodermal dysplasia and unilateral renal agenesis. The entire features
resemble the scalp-ear-nipple syndrome. /However, the scalp-ear-nipple syndrome
appears to be inherited as an autosomal dominant trait. In contrast, other syndromic and
isolated forms of amastia.and-athelia may be-sporadic occurrences, or be inherited
mainly in either an autosomaldominant or autosomal recessive pattern. Our case is
sporadic forms of amastia . Surprisingly, h’pr cytogenetic analysis revealed an apparently
reciprocal balanced translg€ation‘of i(1;20)(p34.1,g18.13). The chromosomal aberration
together with very rare‘preyalence of the 'Iémgstia itself made our patient an invaluable
case to determine the causative gene. To‘f'e_ur knowledge the t(1;20)(p34.1;913.13) has
not been observed in amastia pa-.tiefnt or reeprted in any case. ltis very likely that the
underlying gene for bilateral am.uasti.é‘ could be‘ ;_ir}terrupted by the breakpoint. However,

cytogenetic analyses of her family ‘member:s:r._e_v_e_aled that the unaffected mother and

both unaffected sisters carried the same rbalancec_i“ translocation. Hence, the

translocation in the batient is not de novo, raising the poss'rbility of autosomal recessive
trait.

Althoughy this bkalancedstransioeations was, also .detected in her unaffected
mother and sisters, ‘@ possibility’of a“gene’interruptedby a oreakpoint remains. The first
example, of a, gene. responsible for an autosomal recessive disorder identified by a
chromosomal'balaniced transiocation was the ALMS1/gene-for /Alstrom-syndrome (67).
The gene was found to be interrupted by a breakpoint in a translocated chromosome,
while the other allele had an intragenic mutation. We therefore determined to find out
whether there were any genes interrupted by the breakpoints in our patient.

Fluorescence in situ hybridization technique (FISH) was performed on
metaphase spreads with BAC/PAC as probes. We found that the breakpoints on

chromosomes 1 were in the RP5-1029K14 clone containing a gene, Protein Tyrosine
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Phosphatase Receptor type F (PTPRF). The breakpoint on chromosome 20 was
obtained from three clones (RP1-73E16, RP11-347D21, RP5-991B18) giving a split
signal. Nevertheless, regions covering these three clones did not contain any known
gene.

We further narrowed down the critical region, using approximately 10-kb probes
created by a long range PCR technique and the RP5-1029K14 clone as template. One
subfragment probe that gave a split signal was:spanning from intron 8 to intron 12 of the
PTPRF gene. We analysed the repetitivesseguenece elements in the vicinity of the
breakpoint region and found-that they were Alu, MiR-(mammalian interspersed repeat),
LINE-L2, ERVL-MalLRs (endogeneus Retrovirus; Transposable Element - mammalian
apparent LTR-retro-transpeson). At/is te’tnpting to speculate that these transposable
sequence elements have promoted this franslocation. This situation is similar to other
reported familial germline translocatibnsfvvhﬂi:ch are also localized in regions rich in
repetitive sequences (117). J

PTPRF, also known as Leuﬂkofcyte Co‘rrpmon Antigen-Related molecule (LAR), is a
member of the protein tyrosu_ine..dphosph}e‘\fza._ge (PTP) family. This PTP contains

extracellular domain of three‘i_rp_munoglubuﬂ\i?j.:-l_ik‘e_ domains in combination with eight

fibronectin type-lll-like: repeats, a single transmembrane_do_main, and two intracellular

tyrosine phosphatasé' domains (68). PTPRF spans 92 kb, “Contains 34 exons, with an
open reading frame of 5,724 bp, encoding a 1,907 amino=acid protein.

In humansy PTPRE=IS sknown 40, be a;tumer~suppressor gene. Its somatic
mutations were jidentified in"9 % of*breast cancer (89). PTPRF*was shown to increase
expression, markedly in human _breast cancers (85)... Athough ‘the, fact that Ptprf
knockout mice were'incapablé’ off delivering 'milk duefto a=defectin ‘'mammary glands
(84) links the gene to mammary glands’ development, PTPRF is not known to play a role
in organ development in humans.

To substantiate the role of PTPRF in human mammary gland development and to
search for differences between the affected proband and her unaffected mother and
sisters, we studied the PTPRF’s RNA levels by quantitative real-time analysis (gRT) and

protein level by western blot analysis using RNA and protein extracted from EBV-
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transformed lymphoblastoid cell lines. Relative expression analysis revealed that both
proximal and distal PTPRF expressions of the proband were significantly decreased (p
<0.01) compared with those of her mother, elder sister and the unaffected control.
Western blot analysis showed almost absence of PTPRF expression in the proband
while that of her unaffected mother and elder sister, although harbored the same
balanced chromosome, did have a significant (p <0.05) remaining level of PTPRF
protein. The higher RNA level detected in the mother and sister than that of the control
could be a feedback mechanism to increase ftranscription. But because of the
breakpoint, the level of the.intact- PTPRE RNA.in-the-mother, represented by the RNA
level of the 3' probe was lower than that in the control and in proportion to its protein
level. However, the reasons‘that PTPRF’S"L RNA [evel'in the sister was much higher than
that of control remain t6 be€lugicated. = = =

We then attempted to find the ﬁéthogenic mutation in other two unrelated
patients. First is the Netherlander pataent Wnth AREDYLD syndrome (6) and second is the
Chilean patient presented with b;lateral amasha and ectodermal dysplasia (20).

add ¥ £
Besides, the other allele of PTPRE ol the prob_a_ng._awas also investigated.

PCR-sequencing of its entire coding regions and its promoter, although revealed

many polymorphisms-glid not show any pathogenic mutz_aﬁo_ns. Interestingly, we found

novel heterozygous brdmoter variant, +23insGGCGGC, in the Netherlander patient. This
variant has never been-reported and was not found in her parents indicating de novo.
The possibility sof being ja ~pathegenicy mutation remains .elusive. Functional study is
required to confirm'a“causative effect. However, we 'hypothesized that this is a recessive
trait so the possibility of being pathogenic.is unlikely.

Measuremeit of both DNA"copy: number and allelic ratios using high-density
SNP genotyping array in all patients did not show evidence of overlapping deletions or
duplications. We hypothesized that abnormal splicing could be an underlying
determinant in our Thai patient. We then performed reverse transcribed — PCR using
RNA from peripheral leukocytes as template. Unfortunately, no aberrant splicing was

found.
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Microsatellite analysis showed that the proband and her sisters inherited a
different paternal chromosome. To identify which part of the different inherited paternal
chromosome causes this disorder can be very difficult because the genomic regions
containing cis -acting regulatory elements such as enhancers or repressors can stretch
as much as 1 Mb in 5’ - or 3’ direction (118). An approach for the detection of such long
range regulatory elements may arise from the study of highly conserved regions
between evolutionary diverged species (118).

The reasons for the decreased expression.of the PTPRF gene in the patient
despite a lack of mutation-in-the-other allele femains-to be elucidated, but it could be
due to increased methylation.ef the 5’ ,CpG island of the PTPRF gene. The decreased
expression may be due to modification"Lof mRNA “after transcription or regulation of
mRNA expression by mMIRNA. Another possibility is the post transcription modification,
recently, it was foundsthat EGFR—ir)dUced',:clde:avage could lead to degradation of the
catalytic LAR-phosphatase subunit, theret;y resulting in a significantly reduced overall
cellular phosphatase activity of P1-.'P;LAR (11}9) In @ context of different paternal allele,
the transcriptional control or the,.u_alte.rrétion of :@‘.t;r;_o_’.matin structure can be disturbed in our
patient. Whatever the reasons, One possilj:?ﬁ%_@ that the proband’s paternal gene

harbored a pathogenic mutation, when combined Wit_h“ the maternal translocated

chromosome, resulti“n'g in severely deficient PTPRF’s RNA“and an absence of PTPRF
protein.

Phylogenicstudy of RTRRE genge in 29 species showed that branching pattern of
mammals are separated from nonmammals. Its ‘presence of PTPRF in non-mammals
indicated that.the gene.may not only involve. in.mammary.gland development but also
has other functions! Yet; the role of PTPRF in‘humain mammary gland'development can
not be ruled out. PTPRF may be one of the important genes in signaling pathways in
breast development.

These findings should encourage further investigations, including the mutational
screening of PTPRF in a large group of patients with bilateral amastia and ectodermal
dysplasia. PTPRF Promoter might epigenetically silence the gene or leads to down

regulation of its level of expression. Since PTPRF is known to be a tumor suppressor
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gene, evaluation of the methylation status of PTPRF promoter might be another option to
clarify an association with this pathology and its potential role in breast development.
We, for the first time, present evidences that PTPRF plays an important role in
human breast development. This finding could have implications on evolution of
mammals, developmental biology of human mammary glands and malignancy of breast

cancer.
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Sterilize the solution 'V:',

APPENDIX A
BUFFER AND REAGENT

1. LB Agar
Agar 15
Tryptone 10
Yeast extract 5
NaCl 10
Chloramphenicol (200mg/ml) 62.5
or Kanamycin (200mg/m 125
Distilled water to voll 1,000

Sterilize the solution by

2. LB Broth
Tryptone 10
Yeast extract 5
NaCl 10
Chloramphenicol (2 62.5

or Kanamycin (200mg/r W75 T 125

Distilled __o

1,000

.ll
|
L

3. P1 Solution

eluoosﬂ’lJEJ’JVIEJVITWEJ’IfWe

Tris bas 3.03

Q Q@ «a «

wl

ml

Q «
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Dissolvean distilled water and adjusted pH to 8.0 with 1M NaOH
Distilled water to volume 1000
Sterilize the solution by autoclaving
Add RNase (100mg/ml) 1
Store at 4°C



4. P2 Solution
NaOH 8
SDS 1
Distilled water to volume 1000

Sterilize the solution by autoclaving and store at room temperature.

5. P3 Solution
5 M potassium acetate 60.0
Glacial acetic acid 11.5
Distilled water to vo 100

Sterilize the solution

6. 20X SSC
NaCl 175.2
Sodium Citrate 88.2
Dissolve in distille
Distilled water to voluffie, = ' = 1000

Sterilize the solution by autocla T oom temperature

7.5% Tween20 7 RY |

TWEEN 20 B LIJ
Distilled water to yolum 100

Mix the solutuoﬂ %c&l ’}aﬂtﬁoﬂ ﬁw EJ’] ﬂ ‘i

o 54N 0 llWTJVIEﬂﬂEJ

20X SSC
Distilled water to volume 500

Mix the solution and store at room temperature.

9. 2X SSC/0.05% Tween 20
20X SSC 50

5 % TWEEN 20 5

ml

ml
ml

ml

ml

ml

ml

ml

ml

ml

ml
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Distilled water to volume 500

Mix the solution and store at room temperature.

10. 0.4X SSC
20X SSC 10
Distilled water to volume 500

Mix the solution and store at room temperature.

11. DAPI Working

4,6-Diamino-2-Phenyling (DAPY) . 100
Antifade ; ' 200
Distilled water 1

Mix the solution and s

12. Antifade
DABCO (1,4 diaza 0.233
87% Glycerol 9
Tris-HCI pH 8.0 200

Distilled wat
Mix the solution ."_

13. 3M NaOAc

e BUEINYNTNYING:

DISSO|V€% distilled water andradjusted pHE? 0

ARAEIRE I 1NN EaE 8

Sterilize ﬂ1e solution by autoclaving and store at room temperature.

14. Hybridization solution

Drextrane sulfate 1
Formamide 5
20X SSC 1

Distilled water to volume 10

ml

ml

ml

wl
wl

ml

ml

ml
ml

ml
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Filtered through a 0.45-pum and stored at 4 °C

15. Lysis | buffer

Sucrose 109.54
1 M Tris-HCI (pH 7.5) 10
1™ MgCl, 5

Triton X-100 10

Distilled water to volume 1,000
Sterilize the solution by autocla he
3
16. 1 M Tris-HCI (pH 7/ ‘
Tris base \\ 12.11
Dissolve in distilled w

7 \ onc)
Distilled water ’ \ 100
> at \«\- nperature.

Sterilize the solution by #

17.1 M MgCl,
MgCl,.6H,0
Distilled water k

Sterilize the solution | V_

18. Proteinase K

protemﬂeuﬁl’;l ‘VIEJVITN &) ﬂz‘i

Distilled Water to volume

i theﬂ»lﬁﬁ%ﬁtbﬂeﬂﬁﬂd UANINYINY

19. 10X TBE buffer

Tris-base 108
Boric acid 55
0.5 M EDTA (pH 8.0) 40

Distilled water to volume 1,000

ml
ml
ml

ml

ml

ml

mg

ml

ml
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Mix the solution and store at room temperature.

20. 6X loading dye

Ficoll 400 15 g
Bromphenol blue 0.25 g
Xylene cyanol 0.25 g
1 M Tris (pH 8.0) 1 ml

Distilled water to volume 100 ml
Mix well and store at room n;
21. RIPA lysis Buffer 7 ;
1M Tris-HCI ( 25 ml
1M NaCl = 75 ml
100% Nonidet-P40 5 ml
10% Sodium Deoxygho 25 mi

Mix the solution and store a

22. 6X Sample buffer

1M Tris-HC! (pH & ml
sSDs ) 12 g
100% ml
Bmmpﬁﬁimwamwmm g
Distilled Water to volume mil

i thﬁa.ﬁ’lﬂtbiﬂa‘iﬂd UNIINYIA Y

Before use add 24%2-betamercaptoethanal (Stock is 14.2 M, Working is 864
mM) or add 30 pl in 6X Sample buffer stock 470 pl

23. 10X PBS
NaCl 80 g
Na2HPO4 2 g



KCI 14.4
KH2PO4 2.4
Distilled water to volume 1,000

Mix to dissolve and adjust pH to 7.4

Sterilize the solution by autoclaving and store at room temperature.

24. 10X TBS
Tris base 61
NaCl 90
Distilled water to 1,000

Mix to dissolve and adj

Sterilize the solution by au

25. 8% SDS polyacryl
Resolving gel (10 ml)

10% SDS

10% (NH,),8,0

TEMED

Distilled water E
Stacking gel (

ﬁ:ua:mamw mni

05MTr|s HCI (pH 6.8)

%Wﬂﬂﬁﬂ‘im 11?1’1’37]%]0’1@%1

% (NH,),S,04
TEMED 0.01
Distilled water 4.29

26. 1 M Tris-HCI (pH 8.8)
Tris base 12.11

Dissolve in distilled water and adjusted pH to 8.8 with HCI (conc)

99

ml

ml

mi
mi
mi
ml
ml

ml

ml

ml

ml

ml

ml

g



Distilled water to volume 100

Sterilize the solution by autoclaving and store at room temperature.

27. 0.5 M Tris-HCI (pH 6.8)
Tris base 6.055

Dissolve in distilled water and adjusted pH to 6.8 with HCI (conc)

Distilled water to volume 100

Sterilize the solution by autoclaving room temperature.

28. 10X Tris-glycine (pH

Tris base 7 6.055

Glycine 147.1372
Dissolve in distilled w

Distilled water -~ 1,000

Sterilize the solution by i d. 5 mperature.

29. Running Buffer TP va
10X Tris-glycine (pH8.3) 100
et T

10% SDS

Distilled water+
Mix the solution and sLﬂ at room temperature.

0 Transferbmua’mamwmm

10X Tris- glyolne (pH 8.3) 100

QR BNN I lﬁﬂﬂﬂﬂﬂﬂ d

Distilled water

Mix the solution and store at room temperature.

31. % Non Fat Dry Milk (NFDM)
Non Fat Dry Milk 2.5
Adjust with 0.01% TBST to 50

Mix well and store at 4°C

100

ml

ml

ml

ml
ml

ml

ml

ml

ml
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32. 10% SDS solution
Sodium dodecyl sulfate 10 g
Distilled water to volume 100 ml

Mix the solution and store at room temperature.

33. 10% Ammoniumpersulphate (NH,),S,0,)
NH,),S,04

Distilled water to vol 10 ml

Mix well and store at 4°C
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APPENDIX B
GLOSSARY

Balanced chromosomal translocation: an exchange between part of nonhomologous

chromosome where there is no gain or lost of genetic material.

Amastia: refers to a condition where breast tissue, nipple, and areola are absent, either

congenitally or iatrogenically.

Athelia: is the congenital absence of one @r=both nipples. It is a rare condition. It

sometimes occurs on one side«in children with the-RPoland sequence and on both sides
in certain types of ectodermal dysplasia.

|
Amazia: refers to a condition‘where marﬁfﬁary gland is absent while the nipple and

it

areola remain present. ';. /

Ectodermal dysplasia: afe described as: Ejhéritable conditions in which there are

Y

abnormalities of two or more ectedermal stru.qtg(es such as the hair, teeth, nails, sweat

glands, cranial-facial structure, digits:and othré_r,_p;arj(s of the body.

Poland’s syndrome: lsa rare birrrtrﬁ defect characterizred by underdevelopment or
absence of the chest muscle (pectoralis) on one side of the body and (but not always)
webbing of the fingers (cutameous syndactyly)’ of the hand on the same side (ipsilateral

hand) mostly common én'the right side of body and|found maredn males than females.

Finlay-Marks syndrome: Im 1978, 'Finlay and Marks described thesassociation of scalp
defect, malformed ears, and absence of nipples in a family. The association is also

known as scalp-ear-nipple syndrome.

Dentinogenesis Imperfecta: is a genetic disorder of tooth development. This condition
causes teeth to be discolored (most often a blue-gray or yellow-brown color) and
translucent. Teeth are also weaker than normal, making them prone to rapid wear,

breakage, and loss.


http://en.wikipedia.org/wiki/Hair
http://en.wikipedia.org/wiki/Teeth
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