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Abstract Homocysteine is & risk factor for cardiovascular diseasa, Mutations in a key enzyme in hometysieine
malabolism, methylenatatrahydrofolate reductase, may contribute to hyperhomocystainemia and aller
folate and cobalamin levels, After starling homodialysis, 10 mg oral [olate daily and 500 pg intravencus
methylcobalamin once weekly wars prescribed to 27 hemodialysis patiants (time on hemadialysis = 12 monins) and
two groups wera defined: Group A normal; Group B heterazygous. Initial, third and twalith month measurements of
homeoysieine, serum folate and vitamin B levels were collected and analyzed. Heterozygous slale af
methylenetetrabydrololate reductase pravalance was 48% and homazygozity 4%, Hyparhomaecystelnemia was prasent
in bath qgroups. Cobalamin tinal levels were significantly lower in Group B compared 1o Group A. Homocysteine,
sarum folale and cobalamin levels at third and twellth month were significantly ditfarent from bassling levels but
non-ditferent between them in both groups. In Group B, vitamin B, &1 third month was significantly higher than initial,
bt final measurements were rol different from baseline detarminations. In conclusian, the helarozygous prevalence
of the enzyme in hemodialysis patients is similar to that reportad In the general population, hyperhomocystainamia
is fraquent in hemodialysis patients and final levels in helerozygous patients are significantly higher than in nermal
patiants, Cobalamin levels are lower In the hetlerezygaus group. Aftar one yaar of treatment, homooysiging tands 1o
increase, sugoesting a secondary resislance phanomenan 1o vitamin suppiementation in heterozygous patients.
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Resumen La variante lermaldbil C67FT de la enzima metileno-tetrahidrofolato-reductasa sobre homo-
cisteina, folatos y vitamina B12 en hemodializados cronicos, La homoeisteing es un lastor de tesgo
de anfermedad cardiovascutar, Mutaciones an la enzima melilanetatrahidroiolato reductasa pueden cantribuir a 1a
hiperhomacistainemia alterando los niveles sdricos de folato v cobalamina. Luege del ingreso a hemedidlisis, sa
prescrbit 10 myg disrios de dcido folico v 500 pg semanales intravencsos de metilcobalaming a velntisieta pacien-
tes an hemodidiisis (tiempo en hemodialisis = 12 meses) y se delinieron dos grupos: Grupo A normal para |a enzi-
ma; Grupo B heterocigota, Mediciones iniciales (predidlisis) de homosisieing, falate sérico y vilamina B, al tercer
y ducdacima mes fusron recolectados, El estado haterocigota de la enzima tuvo una prevalantia daf 485 y el
hemacigota un 495, Los valores inigiafes de hemocisieina estaban elevados en ambes grupes, Los niveles finales
de cobzlaming fueron significativaments mas bajos en el grupo B, Tanto la homocistaing como ol folato ¥ 1o
cobalamina al mes ires y doce fueron significativamente diferantes & los inictales pero no ditarantas antre ai. En al
grupa B, Ia vitamina B, &l tercer mes lue significativamente mas elevada que |a inicial, pero las determinaciones
finalas no fuaran d[fgrgnms a las basales. En conclusion, la prevaloncia heterocigota de la enzima an los pacientes
en hemodialiais s similar a la de la poblacion general; & hiperhomocisteinemia as frecuanta en los pacienies
homodializados v los niveles al afo son significativamente mas altes en los heterocigotas, si bian dentro de
pardmetros normales. Los niveles de cobalamina son mas bajos an el grupa heterocigota, Al ano de tratamiento, la
homocisteing mostrs una lendancia a elevarse, sugiriendo 1a exisiencia de una resislencia secundaria al suple-
mento vilaminica en los pacientes heterocigoias,
hemadialisis

Palabras clave: homoglstelina, MTHFR, folato, dcido fdlico, cobalamina, vilamina B,

Homooysteing (Hey), an intermediary amino acid  independent risk lactor for atherosclerolic vascular diseass
formed by the conversion of mathioning to cysieine, is an'  and recurrent venous thromboembaolism, two frequent
complications of end-stage renal disease patients™®.
Homocoysleina is metabelized by franssulturation (vitamin
_ B, acls as a cofactor) and mainly by remethylation {vilarmin
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methioning synthase; the methyl group comes from the
active form of falic acid methyligtrahydrotolate, which
theralore acts as a cosubstrale™ °

Elevalions in plasma Hecy can be caused by a varialy
of disordars: genetic defects, nulritional deficiencies in
the vitamin cofactors, and other causes such as renal
fallure, liver disease or drugs?, Among the genetic defects,
the mos! common cause of genetic hyperhomooys-
teinemia is dua to a \hermaolabile variant of methyleng-
letrathydrefolate reductase (MTHFR) with reduced enzy-
matlic activity™ '°, with a prevalence of the homozygaus
state estimated belween 5 to 14 percent in the general
population”'* and similar 1o the 10 percent reported in
hemodialysis (HD] patients'.

The enzyme MTHFR is required for the reductian of
5.10-methylenelelrahydrofolaie 1o S-methyltetrabydro-
folate, thus generating the active folate derivative required
tor the remethylation of Hey to methicnina'® '8 A variani
of this enzyme with decreased activity contains an alaning-
to-valine substilution at amino acid 677 (MTHFRE77C—T).
Itis well established that such mutation of the gene coding
for 510 methylenetetrahydrofolate reductase may
pradispose hyperhomocysteinemia’.

We decided to determing the prevalence of the variant
states of MTHFR in a HD center in Buenos Alres and
assess lhe impact of this mutation on Hoy, serum folic
acid (sFA) and vitamin B,, (vitB,,} levels when compared
with patients lacking this mutation in stable chronic HD
patiems. Measurements of these variables were made
befare the first HD was perlormed in each patien)
ibaseline, Ta) and at the third ({T3) and tweallth {T12)
manth posidialysis.

Material and Methods

Study design

MTHFR statug has recantly been delermined in March 2001 in
all patiams who were hemodialyzed thrice weekly at the Hospital
Briténico during the year 2000 and for at least 12 months, Patients
who ware dialyzed for more than one year and died at the timo
of MTHFR determination, had frozen serum stored which was
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later processed for such purpose, Baseling [evels, third month
(T3) and ona yaar (T12) reported measuremeants of Hey, sFA and
WIB12 warg ratrespestively recallected and analyzed,

Fatient charactenstics

Atotal of 2% chronic hemodialysis patients wero included in this
atudy, Patients wera frea from malignansy, end-stage chranic
heart (allura, active liver or thyroid disease, uncontrolled
dinbetes malliius and malnourishment and had serum albumin
= 3 g/l and hematocrils » 32%. Patlents were conseguantly
divided inlo three groups according to the MTHFR status (Table
1). Thineen patients {48%) ware normal for the enzyme (Group
Al in this group B patients (B2%5) ware male, age 59.4+4.6 years
and time on HD was 25.2+8.4 months, Causes of end-stage
renal disease were: Diabates mallifus in 2, glomerulonephrilis
in 5, polyeystic kidnay disease in 4 and ischaemic naphiopathy
in 2. Group B congisted of thinesn patients {48%) who wers
heterozygous, in this group 7 patiants tM%’{'MHrﬁ male, age
64.8+3.5 yedrs, tme on hemodialysis was 131=1.4 manths
Cousas of and-stage renal disease were: Diabates mellitus in
3, glemerulonephritis in B, palyeystic kidneys In 1 patient and
ischasmic naphrapathy n 3. Group C (4%) included oniy ong
patiant who was homozygous, male gender, 40 yesrs old and
had been on HD lor 20 menthe. He had polyoystic kidnoy
disease as the cause of renal fafiure. Group C was excluded
{rom group comparisens due 1o small size {n=1). Hemodialysts
was parformed Ina high-flux manner with bicarbenate bath,
mean Qd:500 miiminute and mean Ob:350£50 ml/minte;
biceompatible membranes ware used: palysulphans FAKE
{Frasenius Germany), celiulose triacelate FB210® [Nipro,
Japan) and CT180GE (Baxter, USA), Each HD session
averaged 3.5+0.5 hours thrice waokly,

Biochemical measuramants

Homocysleing (normal10 = § pmol/l) was measured by
flugrescent polarization immunoassay, while sFA (normal: =10
nafmly and vitB,, (normal; 200-800 pg/ml) blood levels wara
delermined by radicimmunoassay. All levels wars measured
predialysis in tasting conditions; baseline levels (To) correspond
lo those measurad at the first HD parfarmed in tha patient, while
subsenuant measuraments eleng to the third manth (T3} and
tha twelfih manth (T12) of dialysis,

ONA axtraction and mutation detection

DA extraction was perlormed as originally described'™ from an
antire blood sample kept at -20°C. Scresning lor the MTHFR
B77C—T substitution was performed by amplification of a 198
bpDMA fragment and followed by Hint | digestion, as originally
descrived’,

TABLE 1.- Pattent charactaristics

Group Male Age  Timeon HD DM Gh PED Isch Mephr CHD Deaths
Do {years) (manths) S % O %

An=13 B2 594486 25.2:6.4 15 .58 31 15 1 1

Bn=13 54 64,8235 131214 23 A6 8 23 3 2

C' n=1 100 404 20 a 0 104 o 0 0

Attreabions: HO, hemooalyss; OM, dizbetes mallitus, GN, glomeruionephntis; PKD, polveystic Ridhay disease; {sch
Waphr, scheme neofirpathy; OHD, chronic hean disease, Symbols, * excluded from study; %, percant
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MTHER CE77T VARIANT ON HOMOCYSTEINE

Usual medications prascribed

All patients received erythropoletin (2000-4000 U subcuta-
necusly thrice a week) postdialysis and infravenous iren
saccharate 1o reach a transferrin saturation between 20 and
50%. Most patients ars on multivitamins in the predialysis
period, but are routinely started on lolic acid (10 mg/day orally)
and v methyleobalamin (500 pgionce weekly postdialysis) when
admitied 1o the HD unit at the Hospital Britdnico,

Slalistical analysas

Aesults are exprassed as the mean = standard error of the
mean (SEM), unless especified otherwise. Mann-Whilney U test
was used lor diflerences batween groups of cuantitative
variables. Chi square or Fisher tast was used for gualitative
variable comparitions; finally, Wilcoxon signed ranks test was
used o compare intragroup results,

Resulls
Intergroup results
Results are depicted in Table 2

Mo differences were found with respect to Initial Hey, initial
sFA, or serum vilB12 baseline levels; after three months
of HD, no significant differences were found belweaen both
groups. Finally, aler one year of treatment Heoy levels
were significantly higher in Group B with respect 1o Group
A, Mo differences were found regarding SFA levels.
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Moteworthy, despite continuous therapy, vitamin B, blood
levels ware signilicantly lower in Group B with respect to
Group A, although levels were well above normal refe-
rence values,

Additionally, regarding thromboembelic events, no
significant ditterences were found between both groups.
In group A, 4 thromboses of arteriovenous accesses ware
diagnosed during the study (30.7%) versus & events in
group B (46.2%0); in this group 5 thromboses cceurred In
the arteriovencous accesses and 1 patient had pulmanary
thromboembolism. No differences between both
populations were observed with respect 1o clotting
complications of the extracorporeal circuit, Finally, 1
patient fram group A (7.7%) died due lo hypovelemic
shock and 2 from group B {15%:) of myocardial infarction
and chronic hearl disease. These differences were non
significant,

Intragroup rasults
Results are shown in Table 3

Group A: Hey, sFA and vitB12 blood levels were
significantly different from their corresponding initial levels,
but T3 and T12 measurements were non-differant
between them.

Group B: Bignificant reductions were observed in Hey
Te-T3 and To-T12 blood levels, but were not statisticatly

TABLE 2.— intergroup resulls

Group Homa cyst aing Serum Felic Acid Vit min Biz2
namal 105 pmali narmal =10 ngémi rarmal 200-500 pgfmi
To T3 Ti2 To T3 Ti2 To T3 Ti2
A 21.7£1.5 128411 1274098 229189 348.54053.7 37211838 167344095 2756568 36435846
B 23.2+00 161420 163:£09 5024165 17882398 23584522 1507492 2358+587 1 505+285"
& G4 11 23 2.4 321 285 481 1054 2316

Symbols: To: baseing levels; T3 three manths pesidialysis, T12: hwelve months postdialysis, * @ axcluded

*P=0.004  *P=0.038

TABLE 3 - |ntragroup differences

Measurement Period Group A Group B
Homogystaine (pmali) To-T3 21.71£5.3 vs 12 823.9, P=0:002 2314107 vs 16.1£7.3; P=0.009
Hamoeysteing (pmald) To-T12 21.7+5.3 v5 12.7+3.3; P=0.003 23.1+£10.7 v8 16.3+3.5; P=0.039
Sarum Folic Acid (ngimil) To-T3 22 8+32 4 vs 348 .9:337.9; P=0.001 30,2586 vs 178.8£142.9, P=0.001
Sarum Falic Acid (ng/mil) Te-Ti2 22.9:1;32.4'.:5 3724143382, P=0.001 &0, 2+50 5 ys 235.8+188.3; P=0.002
Vitamin B12 (pg'ml) To-T3 167321785 v 27552050, P=0.016 1607+1742 vs 23572117, P=0.033
Vitarnin B12 (po/ml) To-T12 167321785 vs 364343051, P=0.011 1807+1742 vs 1605+1057; p=ns

Aesults are exprassed as the mean = 50




diflerent between them, although T12 measuremeants
wara higher than T3, Signilicamt nses in To-T3 and To-
Ti2 SFA levels were observed. Finally, vitarmin B, T3
concentrations werg statistically higherthan baseling; T12
wera lower than T3 bul lacked significant stalistical
difigrence, and non-diflerent fram rebial onas

Discussion

Cur resulls show that the provalonce of the hetorozygous
vanan of MTHFER n a HD center in Busnos Aires was
4855, similar to the 42 B%: reported in a previous study
fromm 418 healthy blood donors in Argentinag’™, demonslral-
ing that trus mutation s nal associated with renal falure
andis nol a nsk taclor 1o develop ond-stage renal disease.
To our knowladge, ne reportad data exist! abeul the
prevalence of the thermoiatile variar of MTHER in a
HD canter in Argenting

Despite both normal and heterozygous patients
prasenied decreasod significantly Hoy levels aflar threa
rmonth of yilamin supplementation and ware non-diflerent
hatween them, Hoy levels in the helerozygous group were
significanly higher than i the normal group after ome year
of treatment, although these final levals weara statistically
lowerihan baseline ones. Moreaver, albes T12 levels were
nan-difterent from T3, they showad a climbing trend, which
may be explained by a secondary resistance of the enzyme
1o a conslant dase ef felic acid, These results confirm
previous oneswhich shiow that such mutation predisposes
o tigher Hey levels® 70and such resistance 15 abserved
at conslam dosesof vitamin therapy, heing folate the most
imporant vitamin invalved n Hoy metabolism! 7 This
MTHFR malfunction can partially camribute to the
nypomelhylalion phenomenon described i uremia, by
which Hoy levels remain high™ % One poessdility to
overcomea such enzymatic derangement could be fo
assess Hoy levels afler higher doses of lolate
supplementatian (= 20 mg/day in patients on 10 mgiday;
in heterozygous palients. In our center, we have already
mereased the dosa of mitravanous mathylcobalamn from
200 ug onge-a week 10 300 pg thnoe weekly mardanig
constant lofale daly doses of 10 myg, and rno sigmficant
reduction in Hoy levels was obtained afier six months of
therapy. Whelher MTHER heterozygous people are
exposed 1oa higher nsk of atherosclaratic complications
lcaronary hean diseaso, stroka, elc) or thromboembsalic
avents s jo be determned. nour study, thasa differencas
ware statstically non-significan! probably due to the small
number ol patents included. Likewise, we cannol conclude
fromm this sludy that T12 Hey lsvels i Group 8 (narmal but
signiticantly higher than in Group A ane related 1o addilional
cardiovascular or thromboamboho risks

Curicusly, inmial Hey levels wero high noall palients
despite basehng sFA and vitamin 8, hload levels wars
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narmal {Takle 2}, demaonsiratng hat well above or supra-
physiclogical concantratons of both vitaming must be
achieved Lo lower Hey signilicantly. {Mormal folate and
vilB12 lgvels could be due to previous mulliviiamin
supplementation aven al low doses, avarage 1 mg oral
folate and 200 pg oral ecbalamin preparations),

Whth respect 1o intragroup compariscns, folale. plus
vilarmin B12 supplementalion rapidly and efficiently
flecredsed Hoy n both groups (T2 vs Tal. In Group B,
T12 vilamin 812 lovels were non ditferant trom initial ones
again showing that tha heterozygous population of renal
palients is unable to maintain vilB. . levels in the rising
pattern that people withoul MTHFR mutations show afler
infravenous mathylcobatamin supplementation. We have
nat found any dala in Lthe literalure reporting any
assocation belwaen MTHFR heterazygosity and low-
normal witB12 concentrations, albeit in-a recant report
homozygous suljects carrying the MTHFRC BY7T vanant
have higher folate and vitlamin B reguirements’
Metoworlhy and ancocdotically, in nur_s.l;udy six palients
from Group B bul no patent frem Group. A were
Hehcobacter pylon postive, a recently reported possibie
cause of cobalamin deficiency=, All six palients lacked
antipanaial cell and intrinsic faclor antibodias, Again, no
association balween MTHEFR mutations and lower witB12
lavels have been reported previcusly, Whether MTHFR
heterorygozity predisposes o Helcobacler pylon
supernnfection through falic asid defliciensy and witB.
maiabsarplion has nol been assassed

I conclusion, heterozygous MTHFR prevalence in HD
patiants s similar to that reported inthe general popuiation;
plasna Hey in helerc2ygous palients is sigrificantly highar
than in normal MTHFER patients; after ona year of therapy
with 10 mig danly oral folic acid and 500 pg weekly
infravencus mathylcohalamin, a secondary resislance
phenomenan o sitamin supplementation in MTHFEH
heterozygous patients |s observed, by which Hoy tend to
increaso. This pilet study includes a small group of patisnls
50 that all results must be analyeed with caulion,
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i ealiing up images of the past. | find the plains of Patagonia frequently pass across my eyes; yel
these plains are pronounced by all to be wreiched and useless, They can be described only by
negative characters: without habitation, without water, without trees, without mountains, thay support
only a few dward plants. Why, then, and the case is not peculiar to mysell, have these arid wastes

taken so firmea hold on my memory?

Rememporando imagenes del pasado, los llanos de |a Patagonia cruzan recuentamenta anti mis ojes;
sin embargo, estas planicies lodas las consideran miseras o indtiles, Se las puede dascribir solamenta
con caractares negativas: sin morada, sin agua, sin arboles, sin mentanas v solo albergan algunas
plantas enanas. Por qué, pues, y el caso no es peculiar mio, estas dndas regiones se han afincado

lan solidamente en mi memaria?

Charles Darwin (1809-1882)

The Voyage of H M. 8. Beagie




