ISSN 0377-4910

Vd37,No. 13

January-March, 2007

PREIMPLANTATION GENETIC DIAGNOSIS - CURRENT AND EMERGING TRENDS

Preimplantation genetic diagnasis (PGD) is the
earliest form of prenatal diagnosis thuough which
embryos created | nvitro ae anelysaed forweldened
genelc defedss, only thoee free from the defedts are
implanied inio the womb. This iednigue s extremely
el ary foridvicles at oh ik dfheving a
chid wih genetic disease hut also for those being
SpdedD | nvitro N (\F) etedygta
chance of an on going pregnancy as low success rates
inVF might be attrouied t chromosomal aneuploidies
in the emnyos.

NP ook
who were cartiers of an X-nked disease and hed thus
one in four chance of having an afieded chid. The
sequences on the Y chromosome were amplified by
polymerase chain reaction (PCR) o disciminate male
and female embryos and only the female ones were
transfered. Since then, PCR has been the method of
choice for several more commonmonogenic diseases.
Laeronioeserti ns tu hybridzaion(ASH)repleced
PCR on sexing of the embryos and various other
aneuploidy detections.

In the cument age the PGD heas rapidy become an
esrdiodiorimpoig e suosess e dfiasssed

reproduction technicques (ART) and offering coupkes a

nomal baby thus avoidng the need for a therapeviic

aborion of abnomnal foetuses.,

The PGD allows to detect the karyotype of the
embryos datained through M- as also the presence of
Sk gene ot pior o inplaniaion. ks ganing
increasing consensus wordhwide and s of particiar

Table : Common genetic disorders where PGD
protocols have been used

Autosomal Autosomal
dominant recessive

X- inked

Aneuploidy

Marfan Cysic
syndrome os

Huntington's  Tay sachs
disease

Myotonic Lesch-nyhan
dystrophy syndrome
Polyposis [-Thalassaemia
Spinal
muscular
atrophy

Duchenne Advance

muscular matemal
dystophy  age
Haemo- Translocation
A e

Fage X Gonadal
syndrome mosaics
Occular

.

Fever

combined

Immuno-

deficency
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NeEstnART. Meajorily of spontanecus abarons and
implantation failures are due to the chromosomally
abnormal embryos. These factors make PGD an
s part of an M- i,

Tremendous progress has been achived inthe field
is presently being performed in more than 3000 dincal
cydes worldhwide resuiing in nearly 700 clinical
pregnandes and birth of 600 unaffected chidren.

The Intemational Working Group on PGD was set
up in 1990 and the st intemational sympasium on
PGD was oganized in Chicago in 1991 for colecing
daia on wordwice basis. Recertly, the Speda Group
in Reproductive Genetics of the European Sodety of
Human Reproduction and Embryology (EHRE) has
established a PGD Consorium for centres in Europe.
The consoum s commtied 10 coledt acourate daia
on outcomes of PGD. The major question that needs
10 be addressed s accuracy and eficency of specdl
genetic pregnancy rate and frequency of congenital
malomaion. Less dovious are questions ke polie
of dnics offieing PGD and avalablily of difierert
degnosic ests o fadisie aussieeees

The PGD represents a Siate of art procedure which
potentially avoids the need to terminate affected
pregndes through identiication and transier of only
unaffecied embryos esiablished with the help of MF.
Although a growing number of centres worichwide offer
Sheeteq iestheepaisenheiEtdienod e
medicine and cytomolecular genetics, additionally
genelic dagnoss by a sige odl PCR s tedhnicaly
demanding and protocols have to be stringently
sardardized before the dincal gppication.

Some of the techniques employed in PGD are
outined here:

Polar Body Biopsy

Polar bodies are hiopsied o deduce the genotype
dteooye Astis mede nzoma paudda wih
sheip needes or leser 1o ddian polar bodes thet are
then drawn aut of the egg.

Cleavage Stage Embryo Biopsy

It 5 a widkly used iednigue on the 3d day post
inseminaion when the molecular embryo is usualy six
batae ! Arissopteasksaetjoat

andareusualynatcompeding-thequallyofideavage

Sage emioyos in aculure is varisble bt they can be
evaluated and graded. Most centres performing PGD
preferbiopsyafblasiomerefromdeavagestageembonyo.
Ore of the main disadvantages of blastomere biopsy
stelmiedanountamead asdeoradys

Blastocyst Stage Biopsy

Thebesogdtisacavaied siudurehetaoniains
around 100 cels and developed about 56 days post
insemination. Blastocyst biopsy has an advantage over
blastomere biopsy in that more cells can be removed
for analysis and biopsy procedure s less demanding.
Butthe disadvantages are thatonly about 36%eembryos
maturethisfarandsnceembryos shoudbetransierred
-
Analysis of Biopsied cells
PCR

Par body orblasomere s paoed na soliion o
lyse the cel and release DNA. PCR reaction mix is
thenadded. Snce PCR s a ety sendive iedriue,
the contamination with extraneous DNA can lead to
misdiagnosis and transfer of affected embryos
Introduction of automated sequencing, minisequencing
and rel ime PCR hes further refined PCR's dagnosic
eelds

FISH
RASHisthemostirequentyusedmethodioranalysis
of the chromosomal complement of blastomere
Cdleded ceks are spread ona- side aflerwhich DNA
probes labeled with flurochromes specific for
chromosomes of interest are applied. The type and
number of probes used depends on the indication. Kit
containing probes for chromosomes X, Y, 1318 ad
2lsadde

Comparative genomic hybridisation
Another way to identify chromaosome aberrations

5 10 use comparative genomic hybicizaion (CGH), a

new technique introduced by two groups working on

P G D. Here the preampliied DNA flom a singe et

odl s labeled wih one flurochrome and then mixed

with pre-ampliied DNA from a contrdl sample labeled

wih a diierert furochrome wih which tis compared.

The mixture is applied to normal metaphase spread

and the colour ratio measured.
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The advantage of CGH over FISH is that the whole

chromasome complementisanalysed, though polyploidy
and balanced translocations can nat be deteded. The

dsadvanage stheimetdenforthe pocedue-72 h
Indications for PGD

Monogenic diseases

The monogenic diseases were the first genetic
abnomaiiies to be diagnased in embryos. The PGD in
generdandsinge cel PCRinparicuiar are demanding
common monogenic diseases have been studied
edensidy.

Almost 33 monogenic diseases have been isted for
which PGD s avaidbe.

Sex linked diseases

W omen who are caniers of a recessive X
disease have a 25% risk of having an affected boy.
Hence, sexing of embryos with FISH has been used
nersvely 0 avad the hith of boys alfieded wih X-
inkeddisease. Honever, hefafthe dscardedemlryos
are healhy and canier gifs can nat be dsinguished
from heglhy gis by s edhnge.

Chromosomal abnormalities

—— ey
chidrermihaongenialanomelesandmenialietardion

due to chromosomal imbalances or are ikely to have

recuent miscatiages or o be inerie

Benthoughihefistpokerbodyfomiemele canier
dbebncediransocaions canbesiuded thesamepr
dranbadk of analyzing only trandlocaiions of matemdl
aign. Hencethemostwidely usedmethodisanalyzing
deavage stage embryos.

Sudes carmed out at several cenres have shoan
thet a large proportion of embryos are dhromosomaly
abnomal and cannot be transferred leading to low
pregraency rae per oyde n indviolials wih redprocel
translocations. However, because of the occumence
o mulide miscariege ar nirity in these peiens
PGDsdfenthe onywaytbachieveanongong heshy
pregnancy.

The PGD aneuploidy screening (PGD-AS) has
become the most widely used application of PGD,
because ofthe rebaiive ease ofthe technioue compered
wih dhers and because dfthe lrge poienil goup of

patienis. Even though the chances of misdegnoss s
therencaseswheremosaidsmispresent iisbeleved
that PGD-AS increases the chances of pregnancy for
Future Developments

New methods for diagnosis of monogenic diseases
are being developed ata rapd rate, some afwhich are
ety suiebe for isewih sge o PCR v iz,

Real time PCR

The accumulations of PCR products are measured
duing cydng, when the PCR s in exponenial phese,
insead of afer the prooess 5 conpkeie.
Thismehodnatonyreduoesthebvehood ofalee
drop out but also gves a more acourate idea of the
homazygous or heterazygous state of the single ol

Mini sequencing
Single nuclectide polymorphisms (SNPs) are
aocuraielydeteciedbythismethod. SNPsarewidespreed
nthe genomeetheras muiations or as polymorphisms,
which do nat afiedt funaioning of genes. When siaring
fomasge od the amplicaion of sel siedhes
o DNAsmuchmoreelicenthentorrgeriagmens,
thus SNP arelyss s kealy Suied for sge o PCR

Micro arrays

Micro arrays could be used to diagnose common
genetic diseases caused by more than one mutation
and also can be used in CGH where they could replace
the metaphase spread t which a mixure of test and
comparative DNA are hytridized.

The spedidy ofthe sequencesinte micoarays
audeedoshotbidz I "
times compared 1o that wih CGH, ooviating the need
for polar body analysis or aryopreservation. Other
advantages of micro array CGH would be greater
of the whole procedure with computers would allow
more MF Centres 1o use micro array CGH routingly for
aneuploidy scam .

Conclusions

Prenatal dagnosss of genetic disorders has been
available for many decades now and has helped in
reduongthe budendithese severedsodersipagreat
e Butisernals nead formedcd emireios of
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pregnancy,  which is nat acoepiable unversaly. Pe
imp riaion genefc dsader hes been dieed wih he
teadfacdingtebihdanalecedditwihgerelc
deatkswihout recouse bieminaions Overte st
decadkethe PGD has received faily unversal acosptance
with thousands of PGD cydes and over 1000 post PGD
nommal heatthy chidren have been bom alreadly.

) Sl pegangy 1IaES. Hum Reprod 18(Suppl 1): x \iii,

Like any powerful, modem technology, tePGCDB 2003,

also a double-edged weapon and should be used with
. . . 3 Lissens, W. and Sermon, K. Preimplantaion genetic

caeijet?,;jl:‘j; . [S\Eynuhti}u\ey dgprrgjswmaansardmdevebmm Hum
rensie epersve Bdoogy recuing R 120 17,197
hoh level of experise and can fundion oy in dose P ) , ) ,
cooperaionwihahighoutputsuccessiVFprogranmme 4 L Prempenaiongeneiodeg ossioraneL oy .

A ) . . . screening in early human embryos: A review. PrenatDiag
and auting ece genetic Bbaratary wih expetience n 2 312 02
sgecddegossHonever it hesassumedapromnernt

) . . | of 5 Vakel, F, HW iamson, R adW L.
pece n .g . programme s and Chromasomeanalysis ofblastomeresfromhumanembryos
ﬂelemmr;m,m byusng CGH.  Hum Genet 105: 2102000

. . 6 Kaen S, AdeV an, S. and Inge, L. Preimplaniation

The ICMR Genelic Research Centre at the National genefic dagnosis. Lanoet 363 1633 2004,
Instiute for Research n Reprodudive Health, Mumbai
sembaking nb e e of PGD dfenepocies Ber This wite-up has been contriouted by Dr ZM. Patel
SgeePCRIOSgegenedsacsnheesiat ed Dy. Direcior and Dr SR. Menon, T echnician, ICMR
0 emsure bith of nomd bebies. Genetic Research Centre, Mumbai.

ABSTRACTS
Research Project Completed Recently

Studies on oxidative DNA damage induced by O}ygeEN goedes (ROS) and deaease n adidy dfvarious
agarqdnqiﬂlepeﬂm&s,dhmmfosardparaﬂm aniodchrterzymes(i .e Gisbse guishorepaodese,
nes gutathione redudiase and superoxide dsmutase). The

Thesttywescaried e VeErsianakino peEdmatdabobiamsit A + ME+IO
- e iy o ios (CPP) and kdbdegessadbvesadiVDAad4H\Endthetee

. Y I.b.l wihtheamno pas dban (e e, ok and hd- bhan iegors)
.l ) lheg o ' of oxick and adiedies hiddrdiestetdyssheed

9 e DNA G e overdl Dy nomal rats, indicating thet anioxidant vlarrm
(whankad o ditese pesitks el perearre'tmesradbbdbrmﬂaapdedm
farbibrbntshedig e b, agpnst hese pesiock indLced s

Treaiment of CPF and parathion ether one orin
combination caused accumulation of malondeadehyde
(DMA) and 4hydroxyk2nonanald-HINE), the two maior
erdpoduosaperodbiondipolunsatuisiedityacts
(PUFA adessdesss ndiegosdigthanad
live. Thisihoeasewesmaeponouncedniasecevig
dronc exposure of these pestiddes compared 1 aclie
eqosure may be due b inaeased produdion of readive

References

1 DeVesAadVan Steiteghem, A . Aspedsafprocedures
jior 1 prefplarniaiion genelic degnoss Prendt Diag
21: 767, 2001

2 Vehgen G,Van Landyut L, Jois H, Devioey P.ad

Van Steiteghem , A. Different embryo developmental
petiers in dierent seoueni meda gpear o resLkin

The leve of hydrogen peraride, the most siakde non
feadive a¥yoen goades Wes inmeesad nd te ises
esdonbohdrocaswdasaoetedmatdtese
pesicies. Chronic exposure of these pesiiades bath
sepaaely and in combinaiion, led  more incease n
tebddhydogen paode ndeategos diet
behad . Petesiment o anpcbrtviamins or
ane month caused sniicart redudion in the elavated
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bk PR :
ebdsdaripobrviensagarethese OPpesies

The GSHIGSSG ratio was decreased due to decrease
NGSHandinoeasenGSSGRvasndtheteeregos
diethenadia. Regrdlvasin inreudody
ard her oy induced by these pesiades wes a0
seen. CPF and parathion teatment caused aimost equel
decrease in forebrain GSH whie parathion was more
efiedie in midhran when given aaly for one monh,
Petesmentdanbcbnviaminsedbteresoain
o GSHadGSSG ks nd te hree regos drals
banadhe.

Study revealed that acute exposure of these OP
pesiddes kead  deaeased level of NADH as wel as
NADPH, which in tum deceased the ratio of NADHNAD
(=) ard NADPHNADP (i) ndierertregors diets
benadia. Dearease dosaved in parathion tesied
groupwas more pronounced comparedtothe CPFtreated
group. When these two pesticides were given in
combination, the ratio of NADHINAD (ioial) and NADPH/
NADP (o) wes meximaly deaeased. Boh choricas
wel as aoue trestment of these OP pesiades, caused

her and rat bran nud in aomparison o CPF regied
animals. There was dose-dependent damage of the DNA
rthearchend .

It was thus conduded that these pesticides
gerece odhe dessnbanasswd asnber o
eposdias. Thedoctedmentsioundibbe moe
damegng trenaceexposure. Theredaxsiatus ofbran
and ver wes damaicaly dsiurbed on freetmernt wih
antioddant, guiathione (GSH), wes depleied on CPF as
wel as parahon treaiment. These pesiades shoned
genoioxc potential too as DNA damage wes doserved in
ohte s desghenchotaaketesmat
dfthese pesittes. Anioddant vianns shoned ther
proiedive effedts on the pesiades induced odckive
damage. The study also proved that consumption of
anodidanismayhbeapophyiedcmeasuieiorthe peape
who remain regularly in touch with these pesticides
including farmers and workers who are engaged in
production and handing.

Radhey Shyam Verma

Nain Sivesava
matked incease in DNA dameage in ver and rat brain School of Studies in Biochemisty
Perathion treatment showed higher level of damege as Jng Unversly
brgh of e of he comess were ako ioeased n Gnalor.

ICMR NEWS
The folowing meetings of various technical TF on Jai Vigyan Mission December 19, 2006
groupsicommitiees of the: Coundl were held: Mode Project on Community
Control of RF/RHD
Meetings of Task F orces (TFs)/Expert Groups
(EGs)/Core Groups/Steering Committee/ and EG df the TF on Mulicertic December 20, 2006
Other Meetings Study on Epidemiology of

EGon Mid T em Evaluaton
of Home-based Management
dYoungnianis

December 7, 2006

EG on Low Dose Magnesium
Sulphate Regimen For
Management of Eclampsia — A
Randomized Controled Tr id

December 13-14, 2006

EG ofthe Task F orce on
Mental Health Service

Needs and Senvice Delivery
Modle in Disaster (Earthcuiake)
afleded Popusion in Guarat

December 15, 2006

Asthma and Atopy

TF on Review of Cancer
Management Guidelines

December 30, 2006 &
January 9, 2007

TF on Relation of Candidate January 17, 2007

Gene V aiants Reguaing

Triglyoeride Meigboism ©

Serial Changes in Chidhood

Body Mass Index and

Coronary Artery Disease

RkF adosnY oung Adulthood

EG to Discuss India Country
Programme for Preparedness,

January18, 2007
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Control and Containment of
Avian Infuenza

TF on Review of Cancer
Management Guidelines

January19, 2007

TF on Human Genetics

Core Group on Global
Environmental Changes &
Health

TF on Epidemiology of
Asthma and Atopy

TF on Screening for Cancer
in Himachal Pradesh

TF on Immunology
Steering Committee of
Centre for Advanced
Research on Genomics of
Type 2 Dbeies MeliLs

TF on Muli-centric Study on
Nutiion Profle of Assam,
Manipur and Meghalaya
EG on Urban Mental Health

January 23, 2007
January 25, 2007

February 2, 2007

February 5, 2007

February 15, 2007
February 23, 2007

February 25, 2007

February 27, 2007

Project Review Committees (PRCs)/Project
Advisory Committees (P ACs)/Project Review
Groups (PRGs)

December 4, 2006
December 11, 2006
December 12, 2006

PRC on Oncology

PRC on Neurology

PRC on Experimental
Medicine & Surgery
Spedial PRC on NortrHEast
Progds

PRC on Gastroenterology

PAC on Home-based
Management of Y  oung Infants

December 13, 2006

December 18, 2006
December 22, 2006

PRG on Nutiion and Tr i December 22, 2006
Heatth

PRC on Biomedical January 10, 2007
Engineering

PRC on Orthopaedics January 16, 2007
PRG on Basic Reproductive February 6, 2007
Biology

PRC on Mental Health February 7, 2007
PRC on Dianthoeal Diseases February 9, 2007

Special PRC on NorthrEast February 13, 2007

Proeds

PRC on Genomics February 19, 2007
PRC on Pharmacology February 23, 2007
PRC on Environmental February 27, 2007
Hygiene & Occupational Heatth

Workshops

An ICMR-INSERM Workshop on Development of
Biomarkers for Cardiovascular Diseases and Diabetes
was organized at Gurgaon during January 22-24, 2007.

Pride of India Science Expo - 2007

The ICMR put up a state of art mega Sdence and
TedhnadogyBxhhiioninthePrdedfindaSaenceExpo-
2007 oganized as part of ¢4th Sesson of the Indan
TamiNsduduingJanuery3-7,2007. Mejoraoniiouions/
" st ECOU TN AL
of bomexical research were displayed in the extliion
i SO |
e i . |
& Technology and Ocean Development, Government
of India. The ICMR Pavilion was awarded Spedial
Appredsion Pize in the edbion

Chidambaram,

Participation of ICMR Scientists in Scientific
Events

Dr.SP.  Tipathy,
Godbole, Senior Research Officer,
Ressachinsiiuie(NAR), Pune parigpeiedintheAd i
ADS Cinical T rials Group 2006 W
Balimore (December 4-7, 2006).

Dr. N. Sehakumar, Deputy Diedor (Senior Giade),
TubercuosisResearthCentre(TRC), Chennei pericioeied
in the TB Laboratory Workshop for Supranational
Laboratories at Bucharest (December 510, 2006).

Deputy Director and Dr. SV.
National AIDS

inter Meeting at

Dr.RSY adav, Deputy Direcior (Senior Grade),
National Institite of Malaria Research (NIMR) Feld
Sieton, Kheds, Gugrat, periopeted n the meeing of
WHO Global Malaria Programme Working Group on
IndoorResdual Sprayingat Caro(December9-10,2006).
He also particpated in a Programime for Development
of a Framewark for Implementing MM for Malaria and
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Vedr  -bomeDiseaseContalaDitid evelandaCase
Control  Study of IPVM Pilet Proect in Sri Lanka
(December 11-15, 2006).

Dr.NeenaV  alecha, Depuly Diedor (Senor Giade),
NIVR Dehi paridoeied inthe | Mesing ofhe Gotel
MalariaProgramme(GMP) T ednicaandRessarchAdvisary
Commitee at Cairo (Decemberl0-12, 2006). She along
whDr.  V.A.Aarkele, DepulyDiedr, NerddL e
o Vidogy (NIV), Pure also paricpeied in the DINDI
Round table meeting on Fixed Dose Artesunate-
Mefloquine and Prince Mahidol Award Conference on
Essentl HealhT echnalogies on Neglected Diseases -
Reaching Neglected Populations at Bangkok (January
31 - Feuaty 2, 2007)

Dr. KD. Rameish, Asssart Diector, VedorCoid
Research Centre (VCRC), P oncicheny, paiesdin
a Workshop to Review the Impact of Mass Drug

iy e i
and Transmission at Geneva (December 11-13, 2006).

Dr. P. Jambulingam, Deputy Director,

P onddheny, paricpeiednthe XWHOPESW
Meeting at Geneva (December 11 -14, 2006).

Dr. T.Ramamurthy,  DepuyDiedor, Ned e
of Cholera and Enteric Diseases (NICED), Kokata,
paricpeied in the IV Puse Net Asa Padic Paming
Meeting at Nanjing (December 1921, 2006).

Dr. DdaQur, Deputy Diecior and Dr. Byomkesh
Marna, Assisent Dredir, NICED, K deta, paricieied
in the ClinicalEpidemidlogical Training Session at
Balimore (January 22-25, 2007).

Dr.SK.. Niyog), Deputy Diedir (Senor Grade) and
Dr. T. Ramamurthy, Deputy Dredor, NICED, Kddg,
pariicipated in the Discusson Meeting wih Dr. gij
Yamasaki, Professor of Laboratory of Prevention of
Iniemaional Epdemics at Osaka(January 25-30, 2007).

Dr. Poonam Salotra, Deputy Director,
Pathology 10P), NewDehi pericietedinteKeysone
Symposium on Drugs Against Protozoon Parasite at
Cadlioma (Januaty 28 - Feluaty 1, 2007).

Dr. NS Waiegkar, Depuiy Diector, NV,
Dr.BL . Satkar, Asssant Diedor,
pericpaiedintheliniemational ConferenceonEmerging
Diseases and Sunvellance at Viena (February 2325,
2007)

VCRC,
okingGroup

red

Pune and
NICED, K dkaia

Dr.CPadmapriyadarsini, Senior Research Officer
and Dr. Geetha Ramachandran, Research Officer, TRC,
Chennai, participated in the XIVConference on
Raiavuses and Opportunisticinfedions at Los Angeles
(February 2528, 2007).

Dr.ShahnazVa i r, DepuyDiedo,
aNution(NINJHyderabedperigpetedinheConseraLs
Conference ofExpertsto Defineand DiscussResponsive
Feeding and Related Behaviours at Dhaka (Febrduary
25 -Math 1, 2007)

Neirelrelie

Trainings/F

Dr.SD.Maheke AsssartDiedr, Nereel e
of Research in Reproducive Health (NIRRH), Mumba,
proceeded to availl DBT Shortterm Overseas

ellowships/Associateships

Assodatshp at New Y akfor sx morhs w. ef. Januay
1,2007.
Dr. Lalia Savadear, Asssiart Drector, NIRRH,

Mumbai, proceededpaval Westeminstiutional Review
Board Inc. Inemationdl Feloashp at Olympia for six
months w. ef. January 8 2007.

Dr.MV.Muhekar, Deputy Drecty, Nerdird e
ofEpidemiolony, erreinaiosEdheWHOGH
Sam - Sunvellance T ranng W  orkshop at Bangkok
(January 1520, 2007).

Dr.MTK umar Bhattacharya, Assistant Director,
NICED, Kolkata, proceeded to avail a Counterpart
Training in Japan under NICA-NICED Project on
Prevention of Emrging Dianhoeal Diseases - Phasel
for 20 days w. ef. Januaty 27, 2007.

Dr.DhiubaGhosh, SeniorResearchficer,
proceeded 10 aval training on Voo Aray T
for Dilerenidl Degnoss and Suvelanee o niediols
Diseases at New Y ok fora period of 4 weeks w. ef.
Febuary 1, 2007.

Dr. Vierda K umar, Senor Research Oficer, NIL
& OMD, Agra, avaled training in the use of Scanning
Blectron Micrascope at Japan, Singapur and Thaiand
duing Feluary’59,12-16and 1923, 2007 respecively.

Dr. Anup P alt, Deputy Dredor,
proceeded o aval Counterpart Training in Japan under
JCANICEDProectonPrevertionafEmerging Dianhoesl
Diseases - Phase Il for 2 months w. ef. Febuay 17,
2007.

NV, Pue,
echnology

NICED, Kdet,
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