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Introduction

Transfcrrin Cf$ is one of tbc kcy protcinc in iron
rnctabolism logctl€r with Tramfcnin RccQtor CffR)
and fcrritin. These proteins ale rccponsible for eerum
tran$port" ellular upta&c and storago of thc mctd,
rcspoctivoly.r Studicg on iron havc cxtcndcd its
signifcanoc bcyond thc traditional ar,ca of crythropoi-
oeis and nutrition, so that it is now rooognizcd ar a kcy
elemeirt in felds nrch as oncologr, patholory and
infcctioru discasc.'Siac iron at physiological pH and
ionic conditi6as fu mqinly insoluble, biological systcmg

Nn('
ct(')
(Y)

s

.C,ontaoadcnool S Gold*rrn, Clbior Fodirtric+ Univcrdtl di
Miluro-Bboq Nuoro Ospcdrlc Sea Gcrrdq vir Donizcni 106,
AX)32 Mmzs (MI), ltrlt
Tcl +39 039 213366l; Fax: +39 039 23nlgl
Barit fodrzionc.tctt o.oti@id..iic.Jt
Rcccivcd 15 Aprll 2flX); rcccptod 26 tury 2m0

Biochemical anil genedc defecs underlying hman oongenital
hypotransferrinemia

Stsfano Goldwurmf'r, Chiara Casatit, Natascia Vcnturir, Sinona Stradat, Paolo Santambrogios,
Srcfano tndracrolol Paolo Aroaio3!, Mario &zrolas, Albcrto Pipernoz, Giuscppe Mascrar and
Andrea Bioudil

tPeilbtric Clhtc, Fonfubne M. Tettottottl, Untvetslty of MllawBbocca, Ospcdalc Nww Sa Gasdo Motza, Italy;
2Medicitu I, IJnlvcrsity oJ Milstoilbocta, Ospefu Nwvo Saz Gersdo, Mqza, Italy:tDIDfT, Sctcntfic btstltutc Sa Panfade ,
Ittilzat, Italy; 'I*T-BbtecfuobgX Scctbn od Dqonent ol Oncology nd Swgtcal Sclerua, Unt*rslty of Pobva, Padova, Itdy;
tDcpotrent of Intcnal Medtctrc, Unbastty ol Paia, Pavla, ltaly;6catte&a dt Chhntca, Untterlslty ol hcscia, hescla, Itab

hto&ction: Human congcaital hypotransferrincmia is a ruc disorder charasterized by thc
virtual abscnoe of transfcrrin in thc eenun. No information on the causes of tbc disoas€ is
known.
MdqfuIs anl rmlods: Hemc rle dcscribc thc identification of a trew case, its tlcament and
the biochcmical and gnnetic dcf€cts undcrlying tbc disordcr.
Rerrrbs: At diragposie the paticnt had serum Tf lwels cquel tn atrout l% of the normal
valucs. The treatncnt with plama infueions cach month allowed a good crytbropoicsis and
the prevention ofiron overload with no nced ofred blood oell transfusions or iron chclators.
ln ordcr to dc6nc thc gcnctic basis of thc dissasc. wc performed a haplotlpe analysis of thc Tf
gcne rqion in thc 26 individuals forming thc proband'r fanily, and dcmonstratcd that thc
gonctic dcfect is located in the Tf gene and that it is inhoritcd as a reoessive trait Protcin
analyse indicatc that tbc proband scrum contains two transfemin forms: onc of 80 kD
analogous to the normal onc, and a snaller one of 50 LD, which may arisc from a specific
dcgradation or be thc ge'nc product of a modifiod allele.
CorcWt Theec data suggpst the presencc of two Tf aUclcs carrying garetic defcc,to that
cause two distinct abnormalitics. One allclc causeE low expression of an apparently normal
protcin that probably rllowed the suvival of tho patiart in tbc frst ycars of age. Thc othcr
allclc produces a modiEcd Tf witb different bioc,hcmicel characCIristics comparcd to thc
nonnal one.
lhc llmatologt Jounul (2000) 1, 390-398
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havc evolvcd iron binding propcrtics to facilitet€
trsnspo[t and etoragc.

Transf,crrin ie a higbly epecializcd -801D, montr
mcric glycoprotcin which binds trro iron atoms with
higb amnity. Itl physiological rolo io to rcqucsla
circxilatftrg iron in a safc aon-toxic form aad to dcliva
it to thc ticsucs. Thc difcrric.Tf binds TfR e.xpoeed to
thc coll eurfaoo, the complex ie intcrnalizld by
cndocytoris, and, in the acidic codooomec, thc iron is
made available to transfor to tb cytosol. Apotrandcr-
ria is thco rtcyclcd bec.I( to the cclt surface gnd releasod
into tho blood strEam-r Trangferrin ie eynthecized at
high lcvcls in thc livcr and at tower levele in othcr
ofgans cucb ar brein, t6tis, lactating mammary glands,
somc fotal tissucs during dovclop'mcnt and llmphomye,
loid collsJ-'Extra.bcpatic Tf nay be rcquircd as an iron
binding protcin in tiscucs nrch as brain and tostis,
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which arc shelucd from circulating Tf, or it may serye
to scavengc iron in thc milk and inhibit bactorial growth
in thc lactating msnmsry gland. Data indicatc that Tf
produccd by lynphomycloid cclls plays an important
role in the regrlation of immune responscs.t

Congr,nital blpotransfcninemia (OMIM n. 209300)
ie a very raro hunan disordcr chamstcrizcd by vcry
low levels of Tf which arc insrffcicnt to support
adoquato oythropoicsis rcsulting in tho dovclop'mc,nt of
ancrnia. Tcn cases have boen rs?orted so far.r-ro In
Eome ca3e8 the diseasc appeas to bc iaheritcd as an
autosomel reccasive treit. Only in one casc did analysie
of scnrm Tf in the proband and his fanily show tbat
tbe discssc is rclatcd to the prcsclrcc of a combinod Tf
dcfect and that the proband and two siblingr vcre
compormd betorozygous for a 'null' and a aarianf
allcle.rt A mouse mo&l of hypobnaocfeninemia, in
which thc Tf gcne has an altcrnatirre spliciDS sitc that
det€rmines inefrectivc erprcssion of the protein, hrs
bcqr cxtcnsively stndicd and uecd to bettcr undcrstand
iroa metaboliem and bansport, as well as mechaaisms
of iron overload.rrJt Thc heterozygous rnimals appoar
arymptornatic whih thc homozygotcs nccd transfenin
rnjcction to suwivc.

In thie study we dcsoribc thc clinical oourse ofa casc
of human congcnital hypotransforrincmia and its
treatmcot. Molecular etudics performcd on the
proband and his family providcd indicetions of thc
modc of inhsdtancc and the biochqnicat dcfect
undcrlying thc disordcf,.

Mabrhb rnd mettodc

Clitdcal laboralory tests

Scrum Tf valucs of the proband, his parc,nts and oldcr
brother werc dctcrmincd with stendard immuno-
ncphelomctric mcthod. They were confrmcd by an
ELISA tcat CIhc Human Transfcnin ELISA Quantita-
tion Kit, Bethyl hboratorics Ing Montgomcry, TX,
USA) in the probond. For tbs other family mcmbera
sc,rum Tf was calculatcd ftom the Total lron Binding
Capacity @BC). Thc soluble TfR was dctermind by
an immuno-ncphdometric mcthod @ade Behring
Licdcrbach, Gcrmany). Other routino clinical labora.
tory tests wore carried out u8iqg standard tcchniquos.

M lcr o s at elli tes aruly s is

Puiphcral blood sanples wcre oollectcd fron thc
proband and dl his family membcrc aftor informcd
oonEcot and gcnomic DNA was cxtractcd aoording to
etandard proocdurcs.D Cicaomc location, primcr
loqusncoB, PCR coaditionq and PCR product rizcs of
microsatcllitcs D3S I 55 l, D3S3569, D3S3584, D3S t 238,
D3S1589, D3S3606, D3S3607, D3slif84 havc bocn
obteincd from tlc Gcnome DataBase sitc of thc
Johns Hopkinr Univemity. Alt PCRs conpriscd 30
oyclcs and werc pcrformd in 20 pl rcaction volumes
661r'inin! 20 pmolcs of each princn (one of which was
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5'+nd labclcd with Cy5-ffuorocromc), 0.2 mu dNIPs,
I mu MgCl, I U of Taq Polymerase, and 20 ng of
genomic DNA. PCR products wcrc run on a
polyacrylanidc gcl ueing thc ALFrcd DNA Scqucnu
Automated System (Amcrshan Pharmacie Biotech,
Littlc CMffong UK) undct standard conditions. Tbe
Allele Link softwaro (Amenham Pharmacia Biotcch)
was usod for data analuation.

Southern uulysis

Gcnomic DNd obtaincd from blood ramplos of the
proban{ his parents and threc normal controls, was
digestcd s€paratcly with ficaRI rnd Bantf�{I, elcctro-
phoreccd and blottcd according to ctandard nethods.'
Mcmbraneo were hybridizcd with tte Tf full-lengtb
oDNA (Irurnd from commcrcial plaemid TfR27A:
ATCC cat. no. 53106) and with gcoomic probcs
synthcsized by Inng PCR (Erpand High fidclity
pCR Systcrn, Bo€hringer Mannheim, Mannheim,
CcrmnD. Thrce grnomic probce wore amplifcd as
follous: (t) priner on cron I (p1: GTCCGAC-
TGTCCTCGCTGCTCA) and primer on cxon 8 (p$;
GAGGAGAGCTGAATAGTTGGAAT; (2) exon 9
(pl9: AGAAGCCCCAACAGATGAATCC) and
exon 13 (P39: CCCTCTTTGTTGTTGGGTTCAO;
and (3) cron 13 (P40: GCTGTGTATGGGCTCAG-
GC) and cxon 17 (Pl0: GCTGTGAAGACAGACG.
TC'GTTAG). Prober wers ?Plabelcd and repetitive
elcments of lpnomic clones wcrc blockcd by conpeti-
tion with sonicstcd human plaoental DNA bcfore
hybridizationr! Mcmbranco wcre washcd undcr shin-
gcnt conditions to a fnal stringcoc? of 0.1 x SSC, 0.lolo
SDS at 65"C for 20 min.

Detectbn of lumochronatosls gov tmdations

To idcnti! thc two hcmochromatosis genc (I{FE)
mutations, Cys28/tyr and His63Asp, DNA samplcs of
thc family membcrs wcre PCR ampfificd with propcr
primcrs and digcstod with &ral and BcIUMbol
go4nn€s, respcctirrcly, as previously d€scribcd.t"

'4mlysis of transforh proteh

Selum samplcs of thc proband and fanily mcmbors
werc frozc,n innediaaly aftcr ccparafion and thawed
just bcforc anatysis. An aliquot of proband 8cnnn was
obtaincd boforc the bcginning of plamaphcrcsis
thccapy, and otbcr aliquots wrc obtained during
thcrapy and before plame trant'usion whc,n the lovel
of transfcnin was thc lowcst (6 ngdl) and composed
by comporablc proportion of thc endogcnou and
cxogclrous transfcfiinE. Ssrum raurplcs were untrcatcd,
to avoid pocsiblc protcin dcgradation. Non-denahning
PAGE wuc pcrformcd on 7.5Vo polyecrytamidc slab
gels, the ranplcr wpre dilutcd in 125 mrrr TrirrHO,
pH 6.8, t0% glycerot, lyo SDS, with or without 1%
2-m€roaptocthsnol, hcctcd at 100'C 1e; J rnin, arrd
loadcd on the gol. Proteins welo eloctrophoretically
trangfbned onto nitocolluloeo fltors ruing a scmi{ry
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blotting apparatus (Hocfer, Catifornia). The filtcn
wcre incubatcd for I h at roos ternperatue with goat
anti human Tf antiscra (Sigmq St Louis, MO, USA)
diluted l:1500 in TBS with l0% &fattcd dry milk,
followcd by Horscradish Peroxidase-labclcd rabbit anti
goet I8G (Sigma) dilutod I :3fl)0, tho pcroxidasc
tctivity was devclopcd by thc chcnoolumincsmco
mcthod @CL, Amcnham, Littlc Cha$ont UK).
Undcr tbosc aonditions o single baod was dotcctcd
in control ccnrm oamplee, co-running with the purified
human Tf (Signa) both iron frcc and iron loadcd.

Cellular studics

Transfdrio exprcosion was nnnllncd on varioru ell
tpcs: (l) Stablc CDI' and CD8* oell lincs d€riwd
from the proband's T-lynphocytes wcrc proparcd by
immortalizrtion of pctipheral blood mononuclear cclls
(PBMC) with brman T-llmphotropic virus typo I
(HTLV-D or Hcrpcsvirus Saimiri, respcctivcly, accord-
ing to published protocols,D' and urcrc ctltivatcd in
RPMI rncdinm with IL2 50 U/ml; (2) PBMC from thc
proband and tlupc healthy blood dooorr wsre
separated oa a Ficoll gradicnt and thcn cxpandod for
5-7 days in RPMI plns PHA end IL2 100 U/nl. Part
of tbc ell populatiots wer€ thcn CDS"dcpleted by
incubation with lymphoid{pecific rnagnetic miorob+
ade, as prcviorsly dc6cribcd.2' Immunophcnotypc of T-
lymphocytes was ostsblishcd by f,ow cytomctry with
monoclonal antibodies against CD4, CD8, CD3,
CDIC56 CDl4, CDlls, CDl9 antigene; and (3)
IIopG2 ell line (hepatoccllular carcinoma cell line
used as positive control exprcssingTf) was gultivatld in
D-MEM IO% FCS.

To rtudy h vlto Tf production by T-lymphocytcs,
2x lCI PBMC wcrc platcd in a 96well plato in 200 I
of RPMI 10% FCS, or RPMI l0% FCS plus PIIA
4 pg and IL l0 U/ml, or PJMI l0% FCS plus PHA
4 pg and IL2 100 U/ml. Thc supernatants wore test€d
for Tf ooncntration with tha ELISA t€st st 24 4E, and
72 h in triplicatc for cach cmdition. Lymphocyto
rctivetion indusd by PHA and II2 was vcrified by
rH-thymidinc incorporation & 72h.

Atulysis of Tf trmscripts

Totel RNA was oxtractcd from c[ltivated ells using
the pbcnol chloroform mcthodr and polyA mRl.[As
obtainod using tho nRNA Isoletion Kit @oohringcr
Msnnbcim, Mannheino" Crcrmany) acoording to tbc

manufacturcr's proccdure. RNA rms clectrophoresed,
blolted and hybridizcd with sP-laboled Tf full-length
cDNA according to stsndard proccdures.r Blots wcre
washod to a final stringcocy of 0.5 x SSC, 0.1% SDS at
6fC for 20 min. Mc,mbrancs wsro exposcd to
autoradiography for 10 daye at -70"C. For RT-
PCR studics, cDNA was synthetizcd with random
s&urers uing Supcrsript RNAse H Rcvcrse Tran-
scri,ptasc (GIBCO BRL Lifc Tcchnologics, paisleS
UK) acoording to thc nanufactur€r's instructions.
Sample of 3 ft wcne dilutcd to ! 50 pl total vohme
of the PCR mixtur€ oontaining 2 mu MgC[ 0.2 mu
dNTP, I U of Taq Polymcrasc and 15 pmolcs of Tf
epccifio primcrs. PCR conditions rrere: 94'C for 2 min,
tbqr 35 cycloe of94'C for !10 s,60oC for 30 s and 72'C
for 15 s. PqR primere wer€ on e*on 7 (p5:
AACCAGGCCCAGGAACATTTTG) and exon 9
(pI8: GCACAC€ACTTCACAGGCTTGC) and gon-
cratcd a 236 bp product which was visualizcd on
ethidium brornid+ctain€d 2.5% agarosc gel.

Besd6

Clinical desulptton

Thc paticlrt undor study is a malc child that wae born
aftpr a rcgular prsglancy in 1993 at thc 42nd rcck.
Cesarcan surgpry was nooessaqf duc to fctat distrcss.
The newborn chikl was mall (2650 g, 4E cm) with
bilatcmlly twisted foef penoscrotal hypospadias and
ambignous gcnitalia. A karyotypo was pcrformcd for
thc latter, which rcsult€d normal (46, Xf). At birth hc
had sevcrc ancmia (Hb 5.9 g/dl" Hct 19.5%, RBC
2 320 000/d), hypovolemic shock, scvere metahlic
acidosis and persistclrcy of fctal circtrlation (that
lasted for four days). He was admittcd to a nconatal
intc,nsivc care unit and was dismisscd after two months
in gcncral good hcalth witb oral iron eupplancntation
(wlich hc took for 12 months) duc to pcrsietency of
hypoctromic and microcytic anernia and supplcmcnt of
vit min A and D2.

He was then followcd as an outpaticnt by the oame
clinic and a control at six months found Hb 12 gldt,
RBC 4 690 000iC, MC\l 73.4 ff- TIE patient Ernain€d
in good health until 22 months whca for a strong
pallor he was admittcd in tle samc hospial and sevcre
anoirr was diagnoood (I{b 3.7 g/dl, REC 22nOff,l{"
MCV 50.5 n). Promptly transnsc4 hc was scNtt to our
boepial rderral ceotrc for hcrratological disordcrs.
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The abacnce of the pl globulin band at olcotrophor-
esis, sertm hon lcvels of l0 pgldl, gerum Tf levcls of
3 mg/dl togcthcr with the pcrsistcncy of hlpochromic
microcytic ancmia supported thc diaposis of con-
Ssnital hypotranafcrrinmia (fablc 1). No pathological
fadings wcre dctcctcd at thc physical cxamination
excc,pt for a strong pallor. A ferritin lcvel ranging frorn
317-365 pg/l suggcstcd a slight hcnrosiderosie.

At fir6t, tho pationt rocoivod monthly transfudont
of ttd blood oells to maintain a gufrcient coro€trtr&-
tion of hemoglobin, and of Desfcrroriamine to
provcnt iron ovodoad. fn vivo grado human Tf was
not availablc and plaema was subtitutcd for
trans sion. An initiat plermepbcrcsis raiscd the
paticnfs serue Tf conccntratior from 3 ng/dl baeo.
line level to 120 mg/dl and produocd a good
orythropoictis rcsponsc witl normal Tf kinetics (half-
life of about 15 dayO Giesrc l). At prcsent, the
paticnt is Fgularly infuscd with plasna at approxi-
matcb one-mon& intcrvals to kccp Hb levels ebovc
l2mgldl, aod red blood oell transfugions and iron
chelntors arr no longrr requircd. To minimizc thc risk
of vins infoction from blood productr, we sclcc'ted a
snall group of donors with higb levels of scnrm Tf.
After thc bcginning of thc trcatncnt thc patient
ehoned a normal growth ratc, with reticulocytc count
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and scrum fenitin lcvels rcturning within thc normal
rangc. Thc patient is now in apparently good health.

Futtily stttdics

To tcat ttre hypothesis tbat the def,oct causing
hypotransferrinaia was gonetic and locatcd on or
ncar the Tf gene, wc studicd the proband's large
farnily for Tf baplotypc, !6rum Tf and other indiccs of
iron mctabolism. Haplotlpc analyeie was performod
using fivo microsatcllit* covering the 3q2l region
around the Tf gcnc: two (D3Sl55l and D3S3569)
werc proximal, nro @333584 and D3S123E) worc
distal, and D3Sl589 localizcd close io thc Tf gcoc. All
subirtr w€r€ tcstcd for cenrm iron and TIBC, fron
which Tf conccntration wzs calculated. In all but two
cascs we obscrvcd an association b€tw€sn onc
haplotypc of the proband and loflintcrmodiate I's,rrelc
of scrum Tf (130-200 ng/dD Gigure 2). The
exceptione werc tbe grandmothcr (I4) with normal
Tf hw[ that was tcstcd only onc, and the mother
(IIQ, who ebowed extrcmcly low levels of serum
fcrritin (6-7 pe/ in rcpcatcd dstcrminations) indicat-
ing thc abccooc of iron stor€s. Givcn tbe invcrse
rclationship betrpeen Tf and scrum ferritin concentra-
tion t shc appcorcd to have inappropriately low lwels

{D

I

E

c

.4

!

o ,
tra
r.l

{ .

& .

- .

n .

il

I

o _
*Jr I'"'1
m i

I
r l

f -  r
n t I
l,l tf

'[ "'
r , { ,  r i .

t :
" j  *

l r
2 4

I r
J

r*
t

I

. a

.a

2

f .  t .
l . r l  h l

r. I f l l
I  r ! <r l  I
|  ' r 1tl ',::'l

. l  " l
, l  ' 1
J ' l

o .
fn3.

l||

|l'

:
t .

a .

*.

Iis-: I Time cource or ,it. hcmatologcal'parametcrs of ti. t ypoto*r.rnnl," p"ti"nt dr,r,lig the one year J, or"r..transfusron therapy. Ferritrn, rctrculocytc count (Retic), hemoglobin Gitl, rr and rfR are rndrcated
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