CHAPTER I

REVIEW OF RELATED LITERATURE

1. Oral cleft

Clinical features and incidence

Craniofacial abnormalities are e;most common features of all birth
~defects. The most frequent of these are the or ieh consist of two major groups,

nd cleft palate only (CPO OMIM

‘defect of ~\~ ialkbene in which the failure of
fron n«' D \ hile cleft of the palate is
c'{, 4 Ny

caused by the palatal shelves it Io‘.'. \DProXi nal -  Aq of cleft lip patients also
have cleft palate, which is thoug a'seéonda foffe _ ing from the defect in facial
prominence fusion that pre ‘ S ( \ palate only (CPO) occurring
alone is therefore considered Gieal _ 7 from cleft lip with or without cleft

4‘;;’ -

palate (CL/P). The majority of CL/P, dé¢oun fér 70 %, are regarded as non-syndromic. The

remaining syndromic cases have a¢ catures that can be subdivided

Mendelian single gene
X

syndromes, teratogenic effects and v OMeEs.

into categories of chremesomal abnormalities, recognizable 4|

According to figure 1,

clef palate only is shown as"diagrams a and e while cleft lip and cleft lip and palate are

presented by diagr: ¢ o o

The@rﬁlﬂ:xjgeﬂ mfjpmﬂlgtl ;L/P) is related to
geographic origin, 1/500_or higher fi rﬂ n erindia ,1/700 -1/1,0004in Caucasians,
rero B AN 1od I VB & 8



soft palate

unilateral

e factors have not been

e a7
be related to the occurrg(n&e of non-svndromnc cleﬂm.‘ r

implicated in the etiolo i nd, therefore, represent

important areas of further igestigation.
e wdencefoﬂgenetlc factors %ahd no n- enetic factors were reported.
About potential rlﬁ

U &L 3H L8 Hid WELT Fere ves suostanta

variation in the blrth prevalence of afofacial cleftgmacross populatiops, with Asian
s AR TR UV ATIEIA G R v e
evidence thgt the prevalence of clefts among the offspring of immigrants remained similar to
that in country of origin.48 According to family analysis, increasing recurrent risk in families of
patients were found, estimated that the risk of recurrence of CL/P in subsequently born
children was 4% if one child had it, 4% if one parent has it, 17% if one parent and one child
had it, and 9% if two children have it.* Additionally, a concordance in monozygotic (M2)

twin ranged between 40% and 60%, whereas only 5% was found in dizygotic twins. The lack
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of 100% concordance in monozygotic twins suggests that genetic events alone are not
responsible for the clefting phenotype.4 As for inheritance analysis, Hecht et al. (1991)
performed complex segregation analysis of nonsyndromic CL/P in 79 families ascertained
through a proband diagnosed at the Mayo clinic. In one analysis, the dominant or
codominant mendelian major locus models of inheritance provided the most parsimonious
fit. In another, the multifactorial threshold model and the mixed model were also consistent
wnth the data. However, the high heritability f%) in the multifactorial threshold model

suggested that any random exog%d\%\J

y re unlikely to be the underlying
“mechanism, and the mixed mode tha ltablhty was accounted for by a

major dominant locus compon nt. the est @or the findings of the study
was a putative major locus nr \Wenetrance

Alternatively, ag ‘ dror efting was defined. Oral cleft
s m}h cleft palate in rats.”' As for
1H!nytoin, valproic acid and
such as maternal alcohol or
cigarette usesz, herbicides suc | : ! > agent that has been studied

) Ing"\ﬁkﬁah a

Boa s

most extensively is maternal s two-to six fold increase in the

relative risk for clefts among smokes.”” > ncs%erformed a case-control study on
S er

smoking habits of womﬁSwedenwho gave birthﬁ-@ L/P during 1975. Of 66

ants with CL/P smoked

cases, it was observed significantly more
than did control women.® Iﬂddltlon a considerable body of dﬂtla from animal experiments
deficighcigs play a role in the'patho enesis_of cranial soft tissue and

suggested that vitam
bone defects, in p?{u @?LIP%Q ﬂsm'rﬁ ﬂ ’] nﬁhumans and that

admlmstratton of vutamms in particular those of the B group, can prevent theroccurrence of

A o AR P bahon s 1
mg of folic acid, one of vitamin B, reduced the recurrent risk of cleft Iip.63 To date, the

possible preventive of folic acid has not been rule out.
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Gene studies
Animal models have also provided tools for studying human facial
development. Studies of gene expression in tissue and organ pointed to a role for their
development. Insertional mutants or disruption gene functions have caused craniofacial
abnormalities.** The function of a gene might be obscured if it has a critical role at earlier
developmental stages (for example, at implatation or gastrulation), such that its loss causes
an early lethal phenotype (for example, before embryonic day (E)7 in mice). For palate

clefting, occurrence in the absence of \\l’ ions in the Jag2 (Jagged2), TGFfS-3

(transforming growth factor-f3 3) w Jag2 -/- mice, the palatal shelves
fail to elevate®, whereas in Wc rrecw palatal shelve fail to fuse.””
The strong evidence of M fed, 110 %M mice were exhibited cleft
palate and their expression wasfpres ; pin: liofacial structures.” ™
According to i Sty SOlate Jof lip. with or without cleft palate
(CL/P) is genetically heterogengo: ita S| gests lefts on chromosome 4, 6, 17
and 19.%™ Linkage has beer LU d at s i r datasets. Only loci on 6p
have consistently shown linkag ' innbe ik, A ® and the UK.” One genome-

sng.approxl I sib-pairs from the UK." Although

on highly significant loci were identified in: )—;Dus sj%reguons of interest were confirmed

in a 5-cm scan. Three o{l_,ﬁiese (1p36, 2p13 and GDM &

other studies. The interestir

wide screen has been carried o

es or loci suggested in

ly region, 1p36, has esting genes, which are

SKI, P73 and MTHFR. Additionally, association studies have al@ been used extensively to

examine candldateéjnes in Bratcleft. Associatiofis’with SKI, MTHFR, TGFp, TGFA, MSX1,

Adaod m@um PENER
2 Frons Rl bl B HEN 188 8

Clinical features and incidence

PVRL1, GABRAB3

FEEM is an endemic neural tube defect (NTD) affecting children in Southern

and Southeast Asia and which is rarely found in Westen Europe, Japan, Australia, and North

10

America.”™ In Thailand, the incidence of FEEM is relatively high with approximately

1/6,000." Generally, NTD was classified as open, if neural tissue is exposed or covered only
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by membrane, or closed, if the defect is cover by normal skin.” In the West, it is generally
accept that NTDs which usual lesions located in the lumbosacral and occipital regions
resulting in spina bifida, anencephaly, and occipital encephalocele, are caused by the
failure of the neural tube to close.” Consistent with repor’ts"'78 proposed the embryologic
basis that in human, as in mice, closure of the neural tube occurred at several sites and that
the clinical types of NTDs depended on the site at which the closure failed (Figure 2).

According to this hypothesis, FEEM, as 2 of NTD, was found to be caused by the

/se and subsequently result in the

e of facial dysmorphology.

zec ‘Mthelr internal defect of the

ntly situated at the site of

failure of neural tube closure usually at the
neurological and problems i
Classification of FEEM was ree
cranium between the fronta
the foramen caecum. Base ct, FEEM can be divided

into nasofrontal, nasoethmoida o e(Figure = W Although

pathogenesis of FEEM is still i I 5 1 been proposed. The most

-.l--‘lrl -‘ #
suggested that the defect is based aiajﬂs rk

ectoderm at the site of final closure'ﬁuﬁi‘g

separation of neural and surface
3se.of neurulation in the 4" week of
gestation. The nonsepz 5.;;-“-::::-1'::“-'::-:1"-'—'"---:-,:'-'-'-' ‘ Will result in a midline
mesodermal defect as that"'I FEEM.” As. ' esions are founded in the front

to that of back of the head ns 9.5:1 in Thailand, whereas Western Europe, North America,

R wmmww g1
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Figure 2 Features of Neural:ﬁjbe Deveiop"mﬁf and | e Defects.Panel A shows a cross section
|
of the rostral end of the embiye-ai-appioximaie eption, showing the neural

groove in the process of clo's-j," verlying the i olds are the rising margins of the

neural tube, topped by the ral crest, and demarcate the neural g gove centrally. Panel B shows a

cross section of the middle portlcﬁ éfthe embryo after tHé-Aeural tube has closed. The neural tube, which
will ultimately devel g

i b ol b, o b Wy ufch g o e s e

intervening mesoden%'wnl form the bony s;ﬂne The notochord is regressing. Panel C shows the

developm ﬂxﬂl hj ﬂjm ?eﬁ gl ﬂI ﬁ‘ﬁﬂn the center is
a dorsal vie eveloping e be that is closed in the ut still open at

the cranial and caudal ends. The dotted lines marked A and B refer to the cross sections shown in Panels

A and B. Shaded bars point to the region of the neural tube relevant to each defect.”
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Figure 3 Frontoethmoidal encgphalome

Etiologies

About the etiology-mﬁeér‘ : e been proposed, and a multifactorial
™ -

genesis seem to be

factors may play a joir A=In the previous report by

vzrole_ in the c
| - I
Suwanwela'*" reported the lack of familial incidence and neéét

the discordant ion i {qi i i i %ﬂ ted that no genetic
mechanism as p iﬂﬂ :ﬂﬂwju EI:rlﬁat o first degree relative
of a subject was effected. In view of fh incidenceamong _the aﬁQ ethnic groups,
signiﬂcar@q)imrn«/akﬁ)ﬂeﬁem n o’a Q niffl:li nd.patients came

from Chinese or Indian immigrants of ethnic which contrast to other study that showed non-

ive chromosome study and

genetic involvement that no difference between the Malay, Chinese and Indian subjects.11
Because of unclear result of genetic involvement documented on incidence of FEEM among
various populations, the studies documented on the widely larger population are preferable

to clarify this role.
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Regarding evidences documented on other types of NTDs, many
explanations were suggest as the environmental factors which foster to development of
NTDs. In some studies, fever and hyperthermia in early pregnancyma and maternal
obesity%g5 have been proposed to giving birth of affected baby. Other suggestion such as
maternal diabetes,%*37 maternal used of some antiepileptic drug,88 and even the higher
incidence of NTD in groups with lower socioeconomic statussg, have also been proposed to
be NTDs causes. Moreover, several st T in animal model suggested that vitamin

Xil is of cranial soft tissue and bone

insufficiencies play an important. role ¢

defects.*® Consistently, in h é hss b y report that women who gave
—

birth to babies with NTD h

level of;w: including some Vitamins.”
Intérestingly, the recent S a -\me '\rrent and occurrent of NTD

was significant lower amo emente folic acid daily than women

ym&t supplementation of 400 pg
r China. To date, the theory of
nutrition deficiency such as la

Gene studies Gaes g '
A genetics model of hurian ﬁﬂfm likely to be a non-syndromic NTD
N
with a degree of gené{ie mplexity Mmutations caused NTDs in

who did not. These was su

-of folic acid daily can effecti

mice, and many of thesé n

utations cause othi gical defects, while numerous of

nﬂmice had synromes of multiple Js'évere defects, lethal during
embryogenesis that incl ‘ﬁr f be,si ieular in the head. Their
function were inv@nﬁo Vwﬁmo sﬁﬁlaﬂﬁamducﬁon, receptor,
transcription factor, transcription cgactivator, enzyme tumour‘&b ressor, DNA
et AW S TAN TR

According genes in folic metabolic pathway, a variant form of

nulls homozygous muta

methylenetetravydrofolate reductase (MTHFR) 677C->T is a know risk factor for NTDs,
However the association of the MTHFR 677 C->T polymorphism with NTDs remains
controversial, with several studies finding no association. Several additional folate-related
genes had also been examined in relation to NTDs; however,no association had been

found. In recent report the other folate-metabolism enzymes were analyzed, only



16

trifunctional enzyme methylenetetrahydrofolate dehydrogenes/ methylenetetrahydrofolate
cyclohydrolase/formyitetrahydrofolate synthese (MTHFD1) was associated with NTD risk.
There was MTHFD1 1958G->A (Arg653Gin) that contributed risk in the mothers of NTD.*

3. Candidate gene approach

Association studies with candidate genes have been widely used for the
study of complex diseases. The contents e method consist of 1) a population-based
case-control study, 2) candldate ‘w iants and 4) statistical methods. This

approach can be defined as of the uences on a complex trait by:

generating hypotheses abo that might have a role in, the

es that might either cause a
age di ilibrium (LD) with functional
-I

\necessary, identify ethnic and

aetiology of the disease; i

Sampling
matching ethnic between d. Because allele frequency

differences between cases and alséat @aé disease association, even if they

only reflect the results of evoluﬁénétﬁdr iﬁ%iﬁtow, gender differences, mating

a
practices or other inde#denmr =

For sele'{j candidate genes ust choose, from a very large

number of potential factors, those factors that are most ‘#{ely to be involved in the
phenotype. The ‘%’ of the phenotype of
interest for sugng I{E 1 mgjﬂe uﬁm Z]t§ or candidate genes,
A that are involved. In addition Ilnka §tud|es mi ovide informatién about genomic

regions a ﬁ’lﬁ\a ni 3m EJ f] até%_lfrom several
perspectives, including the population characteristics, the phenotypic definition and the
number and density of the markers used.” Evidence can also be evaluated for the
involvement of specific genes in the phenotype. It is necessary to consider carefully the
genes and variants that are selected for these studies and the reasons for their selection.

Until recently, a study might have examined a gene solely because of the existence of an

easily genotyped polymorphism. Therefore, it is important to determine whether any of the
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variants that were examined have a functional consequence. Finally, there might be
biological, aetiological and pathological models of the disease of interest. Expression
studies might provide important information about the tissues and cells that are involved in
the disease.

Regarding to DNA variation that has an allele frequency of at least 1% in a
po'pulation. There are several types of polymorphism in the genome: single nucleotied

polymorphisms (SNPs), repeat polymorphis

ﬁd insertions or deletions. Most of the DNA

“ / Information about the location
, prioritize polymorphisms (Table

97
Ps.
E————

sequence variation in the human g

and type of the sequence vari

-

2). For some polymorphis ariation changes the function

of a protein — for instanc
in a protein, or a nonsens
polymorphism account for ng;&d therefore they should be
-given the highest priority for tudies.
The associatiog f etermined by the statistical
methods. Relative risk or odds E rmine SNPs is a risk factor for
diseases. This association is descri%i

1) NatLE?ll selecttcfa"f';"'fgi;iif'b'léf’r h
X

> disease might be more likely to

- u susceptible to disease. A

allele is neither necessary nor sufficient for individuals to develop disease, but it increase

likelihood. Also, ﬁlﬂ ).pgjt revith o so]inr-arﬁopulations unless the
causes of the diseqse vaij‘rom onm‘g\;mﬂ

i iseguili ilr A | Iﬁ ociati i‘ﬂ%lssociaﬁon of

closed aﬁeﬁiﬁﬁtﬂiﬁﬂﬂﬁie irﬁﬂnﬁtﬁi e population

are descended from one or a few ancestor chromosomes. If LD is the cause of association,

there should be a gene near to the A locus that has mutation in people with disease. The
particular allele at A locus (A,.A,,...) that is associated with disease may be differed in

different population.
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Alternatively, another approach is family-based study designs to avoid

problem of population stratification by using family members such as parents to be internal

control. Two family-based approach widely used including, such as the transmission

disequilibrium test (TDT)98 which is also used to test difference between transmitted and

untransmitted allele derived from parents.

. Frequency | Predicted relative
Type of variant
in genome | risk of phenotype
Nonsense e terminati am Very low Very high
Missense/ non-synonymous N amino d in pro ein to Low Moderate to very high,
(non-conservative) \ depending on location
Missense/non-synonymous ino acid i%n to Low Low to very high, .
(qonser_vaﬁve) ¢ rﬁu_‘ depending on location
Insertions/deletions protein- Low Low to very high,
(frameshift) depending on location
Insertions/deletions(in Low Very high, depending
frame) on location
Sense/synonymous mino acid in_lhe Medium Low to very high
Promoter/regulatory region Low to Low to high
medium
of gene expression
Splice sitefintron-exon With in 10 b‘bf&gexon Might chw the splicing pattem or Low Low to high
counciny 101N ¢ Tahaki
Intronic ght Jﬁ&:t I Medium Very low
{" expression or mRNA stability s
Very low

Intergenic Q W .

LANTT I L IIZ.

mechanism

N
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4. Candidate genes

Transforming growth factor-f 3 (TGF- 3)

The three mammalian Transforming growth factor-B, consist of 3 isoforms,
have been conserved in evolution and are closely related: the mature region of TGF-B3
protien has approximately 80% sequence identity to the mature regions of both TGF-B1 and
TGF-B2. Each is encoded by different ge located on a different chromosome.” The
Transforming growth factor-f3 (TGF-, ﬁ)ﬁ Z/ on chromosome 14 at 14g24.3. The

gDNA sequence is 23 ktlobas@NA se is 1.2 kilobases and appears to

consist of 7 exons, encode 4 i ids{ TGF— h is the member of transforming
growth factor-B, that contr 41 |gra\&:fferenttat|on regulation of

extracellular matrix deposiii epi

n at 14.5 day TGF-B3 also

e shelves, but only the diffuse

o

signal is detected throughout W‘me@we. Around 15 days palatal shelves

were fused, and TGF- B3 hybndlzamﬁ.ﬁg‘?f m detected in the MEE cells of the

midline seam.’ Mlce"' = 3 exhibited an incomple penetrant failure of the

palatal shelves to fus;‘fjaded to cleft | niofacial abnormalities were
4

organ culture, palatal shelves wéré dissected from embryonic
day 13.5 (E13.5) % (+/+ vs ++, - Vs -,
+/- vs +/-) or hﬂﬁﬂﬁ Wf] ﬂs /-ﬁﬁ-jqj ﬂid combinations and

examine nd histolo f Pairs of -/- afid -/- shelves failed to fuse over 72
U of%} rjo /mkllpma’] gwah’la&) and +/-, as

well as +/+ and -/- shelves, fused within the first 48 hour period. Histological examination of

observed.”' Additionally i

the fused +/+ and +/+ shelves showed complete disappearance of the midline epithelial
seam whereas -/- and +/+ shelves still had some seam remnants. In order to investigate the
ability of TGF-B family members to rescue the fusion between -/- and -/- palatal shelves in
vitro, either recombinant human (rh) TGF-B1, porcine (p) TGF-B2, rh TGF-B3, rh activin, or p

inhibin was added to the medium in different concentrations at specific times and for various
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periods during the culture. In untreated organ culture -/- palate pairs completely failed to
fuse, treatment with TGF-B3 induced complete palatal fusion, TGF-B1 or TGF-B2 near
normal fusion, but activin and inhibin had no effect. Thus TGF-3 is the candidate gene for
genetics study in nonsydromic clefting in humans.”" In addition significant linkage
disequilibrium (LD) were found between CL/P and marker X5.1 of TGF-B3(T->C, at position
—24 relative to intron 4/exon 5 junction) and UTR.1 (AGAGGG repeat in 5 UTR)-X5.1

repeats while in Danish populati ats contributed risk for CL/P.?*

haplotype in lowa population In Japanmyatlon significant TDT was observed in CA

Interferon regulatory f:

Interferon re R ); the-on ine transcription factors that
shares a highly conserve i lix- i in and a less conserved
protein-binding domain. Sl X "(IFR6) gene is located on

chromosome 1 at 1g32-g41. T - w' ce i es while cDNA sequence is

factor- binding domain).'” Most oﬁm‘ég‘u[}fé the expressing of interferon-a. and -P after

viral infection, whereas‘ﬂ% INCtic 7 oIS _unknown tn therecent report, mutation in

IRF6 caused Van der Dde syndrome (VW
0

syndromes (PPS; OMIM 1 00) The two syndromes are a single gene disease inherit by

autosomal domin Tﬁ m e similar facial cleft
and also include :qa i]lta n ﬂﬁ ir bl ﬂileat loss of function
of the mutated IRF6 protein, affectin b&h DNA and fretein binding, whéreas missense
mutahonsﬂ mlaﬁgtalﬁ (ugm ’1 ﬁhntill/ ted IRF6 to
bind to other protein is unaffected, and it therefore forms inactive transcription complexes;
thus, this is a dominant-negative mutation. Expression of /RF6, greeter expression seemed
to -be occur in secondary palates dissected from day 14.5-15 mouse embryos and in adult
skin.”

According to orofacial anomalities in VWS, perhaps the variant IRF6 820G->

A (Val274lle) in IRF6 is the substitution of an isoleucine for an evolutionarily conversed valine
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residue at codon 274 in a protein binding domain (SMIR domain) was associated gene with

non-syndromic clefting.

SKI
SKI proto-oncogene, which encodes a nuclear protein that binds to DNA in

4 . s 27-28 s
association with other cellular factors and modulates transcription. Several lines of

evidence suggest that SK/ may function t late critical decisions leading to a choice
o\ e, enhanced cell proliferation and

between continued proliferation or term ,

SKII hromosome 1 region 1p36. The
gDNA is 79 kilobase length, ¢ f ists of 2 forms, c¢-SKl is a full-
length form and v-SK1 is the ﬁ - mamino acids encoded from

2.1 kilobases cDNA, while

viability, and skeletal muscle di

amion acids from the N-

terminus and 292 amino aci { e-termi \ “’s::t;uncation, which removes a
carboxyl-terminal dimerization® d ey in the activation of ski as an
oncogene 7% over expr uces transformation in chicken
embryo fibroblasts (CEFs)1 on or transformation in cultured
quail embryo fibroblasts (QEFs! "i ‘on ions." To understand how the two

phenotypes are derived from a smg}e;__ e, Z al identified functionally important
regions in v-SK/ and toigest whether these regions can prc ne phenotype without the
genic and transforming

| |
' ol and Stavnezer demonstrate thatboth c-SK/ and v-SK/ were

included in nuclea ﬁiﬁ ?_L ﬁﬂ ,j ﬁ ﬁe GTCTAGAC DNA
binding site. Additi ij ﬁ E«T ad4 as the protein
complex that bind wuth SKI and proposed this complexsacted as repress@r/of transforming

s sl NN T IEL A VTIVIETR E

The data from SKI knockout mice, perinatal lethality resulting from

properties. Alternatively,

exencephaly and defects caused by failed closure of the cranial neural tube during
neurulation, such as vasicularized brain mass and frontonasal clefting, were exhibited.
Furthermore, null mutant mice that change background by backcrossed with other
background showed a switch from a neural tube defect to midline facial clefting. The data in

human, SKI is located at distal 1p36.3 and deleted in the entire individuals affected 1p36
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deletion syndrome (syndrome that included oral cleft). Thus, SK/ may contribute to some of
the phenotypes common in 1p36 deletion syndrome, and particularly to facial clefting.

In the overalll, these three genes are function in the TGF-B pathway, and may
have an interaction (Figure 4). Activation signal pathway is initiated by TGF-B3 assembles a
receptor complex that phosphorylates Smads, then Smads translocate to nuclease and
assemble with a transcriptional complex that regulates target genes. As for that cascade,

s Smad binding domain and SKI is the co-

IRF6 act as the transcriptional factor, whial
regulated of transcription factors. N

............

Ublgultindependent

Figure 4 Signaling by TGF-B through serine/threonine kinase receptors and Smad proteins. |I-Smads

inhibit signaling by R-Smad-Co-Smad complexes. R-I and R-ll represent type | and type Il receptors,

respectively.'”
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MTHFD1
The involvement of genetics and micronutrient was considered in
predisposition to oral cleft and FEEM. Maternal folic acid supplementation during early
pregnancy may reduce the risk for both oral clefts and , and other congenital abnormalities.
Therefore, researchers have recently clarified the molecular basis of several genes related

with the folate mechanism including gene which encode for 5,10-Methylenetetrahydrofolate

Tr
and NTD risk. Whereas the pre i

the protective effect of folic aca 2 polymorphisms in trifunctional
enzyme methylenetetra ‘ ' ent methylenetetrahydrofolate

cyclohydrolase/formyltetrah (M ; . The first one was nucleotide

reductase (MTHFR). Two polymorphisms,

R 677C->T (A222V) and MTHFR 1298A->C

(E429A) have been shown to have redu tivity and associated with oral cleft

polypeptide (R293H) an ‘ . .r as M95€ A ubstitution which causes the
replacement of the argini e .amine in the deduced protein
(R653Q). The R293H was ial spina bifida and not in 300
control individuals whereas th 7 vas presented in both patients and controls with
similar frequencnes * In recent rqmrtz:qga'm? € etabolism.enzymes were analyzed,
only trifunctional : ate dehydrogenes/
methylenetetrahydrofolat “synthese (MTHFD1) was

associated with NTD nsk 353GIn) that contributed risk

in the mothers o TR’ i g24 consisted of 27
exons, 2.8 kilobﬁ ﬂuﬁ ﬁ &Lﬁ Eﬂ ﬂpjnfj %MTHFM possessed
three enzymatic properttes 5,10- nﬁthylenetetraqﬁrofolate dehydrogenase, 5,10-
methenyﬂtrﬁﬂfﬁtéﬂ ﬂlgmsu w %%Meﬂhq a aEI synthetase,
respectlvely, and catalyses three sequential reaction in the interconversion of one-carbon
derivatives of tetrahydrofolate which are substrates for methionine, thymidilate, and de novo
purine synthesis (Figure 5).‘M Proteolysis experiments with mammalian trifunctional enzymes
demonstrated that the protein can be separated in two functional domains: an N-terminal

domain of approximately one-third of the native polypeptide which contains the

cyclohydrolase and NADP-dependent dehydrogenase activities and a C-termminal domain
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corresponding to about two-third of the original protein, in which the ATP- dependent

synthetase activity resides.’”

- DNA synthesis \

Purines Pyrimidines

MTHFD unctional enzyme

5,10 MethyleneTHF

MTHFR

5 MethylTHF

Homocysteine

THF: tetrahydrofolate

SHMT: Sumehydroxymuhymansfuase =

MS: Methionine synthase = ““:f'l:*f{ o

D 'f# ded) is in providing 10-formyl
THF and 5,10-methylene THBror puri e anc 2 synthesis. 1&ormyl THF can be synthesized
directly from formate and TI-I-LE via the synthetase activity, or from 5,10-methenyl THF, via the
cyclohydrolase ac M i dehydrogenase activity.
MTHFD1 plays an ﬂmﬁ ?O’Ktaﬂmm sm b ﬁtﬁ [c]ne f the 5,10-methylene THF
pool, but the major source of this is SHM'(‘ The enzymes#THFR and MS afé/directly involved in

et Wk GIN T U NIV TR E
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