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137 ABSTRACT

A nob-invasive method o measure t0ial Dody lissue iron
stoces comprising recovening iran released from total &rritin
contained in 2 body uid sample cerived from a2 =ost,
measuring he femiliz-iron i the total [erritin and therzzy
detcrmining iotel body tissue iron stores. Such an assay 18
uiilized for diagnosing negadive iron balanes =3 woll ag
pogilive iron balanse, wherein e latier promolss cancer,
caranary artery discase, atherosclerosis, and hepatic [a
among other diseases, 23 weld as the susceplipility 0 such
disaascs.

19 Claims, No Drawings
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METHOD FOR MEASURING TOTAL BODY
TISSUE IROXN STORES

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application is 2 coatinuation-in-part of U.S. patemt
appiication Ser No. 08/283,59% fled Aug. 1, 1594, The
presernt invention relaes fo a method for derermizing the
torzl nedy wsste fron stores in & host. Marz particularly, the
oresent Szvention relates 1o & method of measuting the
amouni of iron contzinad in the wotzl ferritin isolated (rom &
2cdyv [inid sampie derived from a host and furtzer measuring
:he par which i3 holoferritin and the part wrick is apofer-
ritin.

BACKGROUND OF THE INVENTION

Totel body tissue iron stores ere an iemportant diagnostc
indicator lo the hsats professional of the presence of
disezsed smates or 2 susceplbliny to Jseased siates inoan
ndividual,

Bodv iroz is oth 2 mecessary component for cellular
weiabolism ard @ highly danaging zgernt when present in
excess. Por examnple. iron leashed 1o protein {s an 2ssential
clemert in 21l cell maiabolism and growth, but is toxic when
tnleasted (Herberr V., el al., Stem Ceils, 92:1502-1509
(7994}, Because of lis ability o swich back and forth
berween ferrous and {emic oxidzien siales, iron is both a
stzong biolegice! oxidant and reduciant. Ferric iron or Fe™*
is z relatively harmless form of iron. However, ferrous iron
or Fa?” plavs a significant rele in the gezeration of oxygec
racicals. excess of which have seen proven to be exuremely
harmiul to t=e meaith of an ndivigual.

The human diet conlaing & ~ultizude of nalural chemicals
which are cercinogens and anid-carcinogens. rmany of which
act ov generating oxygen radicals, which initiate degenera-
tive processes tclaled o cancer heart disease and aging
{Armes, B., Science, 22::1256-1264 {1993)}. Among tzese
mary dietary chemicals are many redox agents. including
viramin C znd beia carciens.

Free radical damege is produced primasily by Lhe
hydroxy! radical {.OH). Most of the .OH gererated in viva

cores Trom iron-dependent reduction of H 0. {Halllwell,
B. Archives of Biochemisiry and  Biophysics,
246071:301=374 {1986)), and supporting oo much iron 28 &
e Tadica-generating culpdt leads o a risk of cancer. High
.4l hody tissue {ron stores promares diabeles, 1MO0WEACS,
cancer, hean diszase and iver Cisease (Stevens, R G.,ezal,
N Engl J Med., 319:1047-7032 11988).

When ferrous iron reduices H.O, 0 generate (OH, 1t
becomes {arric fron. Viemin C {(ascorbic azid) converts
fermic iron back to Jemous iroa, {tsell becoming oxidized
ageorbic agid, thus ellowing anoirer cvele of OH gereration
from -enewed femrous iron (Alsen, Poot al, far Rev Lap
Path 31046 (1590)).

Tre imporiznce of iron in lumor growth is {lusirated by
sz Tect thar iron defciency siows the progression of malig-
nnoy (Mann (1 W, L. et el Cancer Res., 48:4168-4174
J198% ¢ Tatgivtic tron free radicn gozerziion muinies DNA
¢ =eates cancer. Conversely, wo much catglylic iron
withi. ocaneer cell will destroy i

Accordingly. iLis a vital necessity o be able to determis
the quantity of iroz in the 2ady. I is aisa

access 1o a noa-invasive diggnostic 2ssay which provides

i
‘mportant 1o have |
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quick 1m¢ accurale way o determine lotel body tizsue fron
stores,

The 2oy has ceveloped a sysiem 10 Drevent agaipst these
undesirabie efecis of ron Iz ize Jody.

Ferritin is an iron-containing spherical protcin of
epeating sudunits and 2 molecular weight of approximarely
260,000, Fernitin exiats in many different forms, al of which
serform vasious ro.cs relaiing to delivering, storing-and
comirolizg iron. Apoferritin comains 20 iton anc s g
zled by the body in response to inflammatios, disease or an
iron chellenge, for cxampie, an iron overioac.

fr response o Gisease, celis of the reticuio-endothe.ial
system manufacture a series of protzing caled acute phase
reactanss, which ald in scavenging bactesia, viruses and any
ather “orelen paricles. Apoiemitin is one of these acuie
phrase reactanes. To -ar generztion of apoferrifsn is

A

LT

—
pyi

e intrzeeilu
2 cytoprotective aniioxicent stratagem of reticulo-cncothe-
iar ceils (Balla, J. et al., Trans. Assoc. Am, Phys., 105 (in
aressy 19931, It is orenaziy also a cytoproesiive adaxi-
dant soraragem ol all proliferating cells, including cancer
cells, sinee ferriun is elevated in aciie weukemia and many
other cancers. incinding solid umors. partcularly wnebp
matestatic {Voest, E. B, Unidversiy of Utrecht, The Nether-
lands: fune, 993 (Thesis)), These serurm fertdiln levels may
actually rise with crematherapy. Tais hvperlermtineria is
often mainiy zpofernitin gererzied o the umor celis, but
malignancy, ke chronic {nflammation. also cavses gonera-
tior of apoferridin in lhe celis of the reticuioendothelial
sysiem (Worwood. M., Iron in Biochemistry and Medicine,
Vooume [1, Academic Press, 224-232 {1980) azd Hernemn V.,
J.oAm Diet Assoc., 92:25302-1309 (28920, ki {5 important
that, although the literatare elmost exclusively uszs te word
“ferritin”, what 18 generated witzin celis in response 1 an
ixgn chailenge is apofemmitin, free of iron. which can then
bind iron that would olherwise be cell-cdamaging. 1L binds
and stores iren and provenls §1s uncontrolled rziease. Tre
iron ir it is 0 ar ‘ron core of ferric-oxide phosphate and,
when the core is |
iron. About 45 of the bocy swrags froz s in fertitin, wits the
remalcing storzge iron comained in hemosiderin, a dena-
rored ferritin, Ore ferritin molecuie s capable of binding up
10 & maximum of 4500 zioms of iron ’

Femmilin which contalns {mon is caied holelerricn. Holo-
ferritin is not an acute phase rezcian: and. unlike apolerritic,
the aumber o ~oofersitin molecuizs remains conslant in the
presence of infammaion or diseass. What ferriun acmaly
cans, therefore, is the toial of betn anoferritin end holol-
STTEHTL

critic co-exists with serum transferrin (10
whick is an iron delivery protzsin, for which there are
recepiots on every cell which azsds iron. Tramsferrin
absorbs iran from [oodstuffs and delivers it o a.. cells which
need iran as part of their normal melabolism. An exampie is
red ©ood ceils which sced iron for the heme group of
hemoglobin. Another example 's muscle cells which use iron
for :he production of mycgleziz, TT delivers excess iroT 1o
storage ce.ls which encapsulate the 1o into holoZerritin. TO
is & roverse acute phase roeclant which means tazi in

responsc to 2 disease statz or infammation he number of T2
mo.ecules is meduced.

Circuinddng

The ~otofersitin mo.cculs can be analogized o a ourous
go.f bell witzin which forric Iron 1§ conained and is unaz.e
(o escape. However. when ferde iron Is reduced o lerrous
iron by, for example, vitemin € or another reducing zgent.
Jerrous ironm is ¢nie Lo escape the [oeritin metecule and is
released into tme circulaiion 10 gezeraie harmiul (res radi-
cels.
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A diggnoslic test for mezasuring Lolal Dsody tssuc iron
stores 18 impontant for diagnosing iron stztus. sines cither
posilive ar negative zon ba.mce promotes disease, suscep-
tbility to disease, end aids a medical professiond’ in uag-
nosing a peient aad instructing the paiientonthe type of die
10 malntain, T terms of iron condent and iron avajlability for
absenion. This is critical for those heterozygous for a gene
promoiing enhancsd absorpion, which can resul: in iron
overieac. Over 10% of Americans have an HLA-linkad gene
for enhanced ‘ron absorntion end ehout 30% of Afrjcans
have a non-HLA linked gene for enhanced fron absorplion,
Thus, in the Unitcd Slatas, there is a large population at dsk
thal iz not icentifiable by HLA typing. our is iden:ifiable by
the method of the prescnt inventon.

In people with genzically crhanced iron zssomiden.
vitamin C supplements car ozly do harm. Vitamin € ot

orly eanances ‘ron absorpion, but, worse, nola releases
catayiic iron from ferritin and doives the rzoetidve rﬂciuclion
of ferr'e 1o ferrous iron, wits repelitive gereration of more
and more free radicals,

Corrent lesiz avzilable [or messzring toral Utssuz iron
stores are ingecurare becasse they only measure the number
of molecules of [eritin protein, both apofemite and heloi-
crritin combined, end provide zo information as 1o how
much ‘ren that ferridn prolein cardes, This is a crucizl Saw
since ferritin cin caTy mo iron or vp 10 4300 aroms of
By convention, measuremen: of total ferditin proteis s
relerrec to a5 measirement of serum “fernitin®™,

Tiness or inflammation,

In patient’s witn o R

ferritin® gensrally orovides an accurate refiection of body
storage iron. A medica profossicnal can messure the iso-
tated o2l seriim Zerritic (ug/L) in normal patlents, muiuply

by ten. and delenmnine lotal nedy dssue iron stores
For example. the av erage T Sercinin fuediy in senem
adult males is 100, (0= 0= 1000 e, which is the
adule =ale total bedy tssue iron store. The average
fugfL) in serum in adult & h,s i tne child-bearin
is 30, 20xi0=300 mg, which is the average adul fomale
{child-bearing vears) body iron stoze. The (emale nas 14 the
body storage iron of the male bacause iron is
during mensgs,

in grams.
r.ormal
average

ferritin

Olher slancard serum iron measurements measure only

the {ron an T wiich sticks out like 2 Tollipop on the surface

of the TT molecule., pius low molectlar weight iron (Bore, D
C., Handbook ©f Free Radizals and Antioxidants in Bio-

mecicing, Volume [ CRC Press, Inc., 63-80 (1985 such as
might heve beza absorbed {rom iron succinaie citzate {Aisen,
P.ocl ozl fue Rev Exp. Path, 3i:1-46 (19901, Stendard
serum 1ron ﬂwasu\,mums 2o not measure the fon ea
a0 Iron I3 buried in the corz of the forritin
rr_otcc‘lu. I:. .hA_ test, therefare, what is being measured i3
the iron that iz 2eing delivered to cells which reed ‘ron, since
TI'is eniron-delivery protein. This clucidates o informution
aboul Lhe siores of iron in the body.,

Anolher tesi uzsed {s tha measurement of stainahie iron in
the beone martow or cu""‘l[amc measurement of Liver iron.
which {5 the “goid standard” for aseessing body iren stores.
This meifod is impracics] for touting screening dug to i
being ar invesive test. Furber, serum iron end iron binding
capacity {T7 messurements together with the resullan: pes-
cen) saturatian of we irox binding capacily, e.q. of TF 1ave
been vsec, bul @ unraliabic because they are aff vLcui '"_1}-'
diumai vedauen, and by eny Inflasunation sinee TD s a
roverse 2Cdc DLAse reaciant, end by drug ingesion such &3
min C or alcuaol. Accordingly, the presens wsis usec to
2l body Liss: 1 SLOC2S EIS PrOne 10 (naccurate

(3
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T
e
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An exernple which nighlights the drawhacks of the cur-
rent tesis is & meastrement of wial fermin isclated rom a
serur sample in patesis with iclammation or disease.
Lsing the current t2sts. when there is acule scoum apofermitia
elevauen ik response Lo infammaiion or caacer, the serum
ferritin lzvel dees not closely mirror body iron stozes such
thai multiplying the serum fermiin in ug/L by 10 gives a faise
reading with respect (o Lhe body iron stores in mg (Herbert
V., et al, Stem Cells, 62:1502-1309 (19944, Measurement
of serum femiin levels is generaly accepied as the best
non-invesive mears of indirectly delermining body iron
stares poly when the serum level of ferriiin and the serum
levc! of ron run in the same direction. This is because serom
femitin aimost never cccuralely reflects body imon stores ‘n
oy sick penson, beocause seram fesritin=apofenitin+lolal-
ermin, and. in any cell, reaction Lo liress or inflammealion,
forexample. Bu. pneumonia, theumasoid arthritis, ionsillids,
hezrt disease, neoplastic diseases, renal failure or caaeer
apoferritin fdses, and iron quantily does not, and a szading of
iotal fermitin provides ‘naceurate resclts.

1

Accordingly, measuting scrum [zrritin levels to determine
totad Dady tissue iron slores will iged to faise resuls in a
umber of sitnatons. A report that somcone has a serem
200 pedl. for examdle, is mearningless with
to the iron coment of shat feszitin, Some of the
Tay 2¢ pure zpofertitin wilh no fron, seme may be
in saturated with 4,500 atoms of iron per mo'ecule
and most of the holofzrriun s probably some-
where between no iron coatent and £,500 atoms of iron per
ferritin molecuiz,

In anether cxample, serem “fervidn”™ levels in excess of
)0 ngfm? arz ervoneousy r\,;jor‘u,:lh.s defining iron overload
by most clinic 1 laboratories. Elevations in serus “lemitin
.evels ocour cnreleted to iron sieres in [2flammarory condi-
Long and inindividuals with liver discase, [n these situations
serum “lermtinis usually in excess of 200 ng/ml dic to high
apcferritin with no iron. Accordingly. the patieni is diag-
nosed as having an iron overdoad when in reality there 13
ontv an apoferrilin overload and iron levals may very well
be normal. Further comalieating the problem, many women
ngost iron suppiements, and this supplemental iron use 2as
made ron/oreast cancer risk stucies especially dificuls

In a recent study (Adams, P C.. Amer J of Hemal.,
45:146-140 116940 the usefuiness of serum ferntin, Tfiren
and Tr saturation wer2 evajuated for the derection of patients
heterozygous Jor hemechromalosis versus normals. in Ret-
erorygoles, neopade iron i3 2 1o 4 fold incresscd over
normas. Tac whoie grocp ol heizrozyvgotes had 2 siznifi-
cantly inzrezsed mean serum lesivic and TP satusaiion
comparec witt the wiole group of coatrols. However, oaly
ated szrom ferdiin
had elevatzd TC souwratien, Thus,
currenily avaoilahle rests miss 90% of those at risk. Heieroxy-
208 are at increased sk of deveioping cancer ard foent
auzcks, cspeoially in the presence of substances which
release iron (rom ferdidn, such as nicokol andfor viamin C
supplements. Over 40% of Amerdcans teke vitamin C
supplemaents.

DESCRIPTION OF THE INVENTION

“fermitin’ of
fCSDGC"

levels arc only 85.6%

In accardence with a prmary espect of the presen: inven-
ion, there I3 proviced 2 method for delermining ozl body
lissuc iran stores.

In accordance with another espect of the present inven-
Lign. where is proviac: amez:hod of measuring ihe quariity of
‘emidn-iron in a unit voitme of body fluic
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In accordance with & funher aspect of the present inven-
don. laere i3 provided a method for detecting alered levels
of iron contaized in ot Zerritis isolated from g unit volume
of body fluid, as a sk factor Jov dladetss, Impolence. cancar,
meent disease, atherasclerosis enc hepatic feilure,

In accordunce with siill a Juther aspec of the present
invention, therz is provided & method for determining &
gengiic susceptibility to iron overload.

In accordznce with yet anothor aspecl of the presenl
iavertion, there s provided a method for delermining the

resence of an inflammmatory concition by determining fer-
rin protein levels 1a the case where iron sialus remains
constant,

In accordznce with still anotzer aspect of the present
invent’on :hers is provided & dizgnostic zszay which
non-invasive, casy Lo ase znd zives an accirale delermina-
ticn of totel tody Ussue iron stores.

The presest invenuos provides a method for determining
tetal Dady lissse iron stoTes in & patien: comprising isolating
tae toel fe ‘“m.n orolein comiainad in g unit voleme of a body
fluid sample dedved from thc host. releasizg the fron con-
ained o the fsolated total ferrtin, mezsuring the quenity of
ferliin-iron in the rotel ferritin znd deiermining the toid
aody tissue iron stores, The guanity of iron allows a direct
deierminaiion of the quaniity of ferritin which is holoferritin
since only noioferntin coniains ron, The present inventors
have found thar when mewsanng total body tissie 1won
stares, the amount of 'noloferr-,tm and apoferrilin must be
measured 10 provide an accurate tesult. Tre amount of iron

contained ‘n the twotal fermuz protein isoleed [rom a uzii
volume of bocy fluid from a patient is a meascrement of
circulaling storage iron. which is relative o the amount of
iror stored in the dssues. Theszefore, by measiring the
amount of on, whick s eculvaient o holofzmitin, in & unit
valume of lemiin protein one skilizd in the art can determine
teial body iissus iron stores.

The present inventors recognize thar a crucial aspect of
this determination 15 meascring the ectual gquantiy of Lron
ner tndl volume of body flui c since :his allows a determi-
ion of the number of i of holoferdtin in the o
fecrizin isolated from the unii volome of body fluid. Hole-
fersizin contaizs irom while apoferrilin doss o, therefore, 4
cuznidtedion of ron 2llows a guantitation of holoferriun,
Furher sirce wotel ferrdin Is comorised of apolemiiin and
helofermtn only, quariization of holofesitin allows az indi-
rect :'_'ami‘.ation of epoferridn,

e guartity of iron recoverad from £ unit volure o body
[]JIC :mple is mcasured as the number of aloms of iron and
consequenilv may also be represented by nanograms (ngd
iron, since & Sxzd numazer of aioms of irons comporised (1)
ng of iroz in e sample,

I

In 2 prelfomed emdodiment of the present invanioa the
uzit volure o tody Auid collecied Zrom the patient is one
rilliliter {2 3 Any body fluid may te used we determing
roal hody tissue lros stores since famitin protein is a
circulatery prowein znd has been found in 2ll fluids of the
hody. Prelerably, however, cxamples of body fluids which
are acceptzale for use i the sae:zod of the ciosent invenion
inelede uriae, biood. saliva, end liver and bone mestow
samples. Mos: proferably, serur is used o coilect @ sample
for use in he method of the present investion,

Tre amaus: of moloferntn may be expressed in dillerent
anits by the mabod of the oresent invenion. Holoferridn
mey be expressed a: ihe average aumber of atoms of iron,
0r g of

amitin-iron, stored in cach molecuwls of (emitin
protein. This ameent of holoferritiz gives an ahsoluic fgurs

N

in
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Ly
[:

T
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for the average numwer of zioms of {ron per moleculs of
{ermitin grotein. However, shis only eccuralzly measuzes iron
stpres when there is no inflammazion, sincz (ne number of
molec aiae of ferritin varizs with respect o the presence or

msence of inflammmaiion. Therefors, in accordance with &
orelerred emnoa ment of the presen: invention. holoferritin
15 expressed as the total number of atoms of iron in the toial
number of molecuizs of [emun grotein in 4 unit of body
fuid. in pasdcutar a one (1) ml body Il-"'d sarmple. Tais gives
the number of atoms of iron stored Iz all the meotecules of
“erritin iz a one (1) ml sample of body Auid and accurately
mezsures fron siores whether or not Lhere is inflammerion
An aceuraie determization of total body tissue iron siores I3
sossible regardiess of the presence of inflammaiion or
diseasc, becaus2 the amount of hoioferritin remains con-
stant, anc aciual og of recovared iron is being determized as
opposed o qt.zmti'v of fexftin proteiz. The presencs of
inflarmmation is not a confouading varizdle since i raises
only the amount of apofertidn and not holoforritin
Examples of infliemmarion in e host are fu, pagumocia,
rheumazoid arthrtis, tossillits, hear disease and cancer.

Upon measuring rie amount ol iron in the lotel ferritn
protein isolaied from 2 specified volume, e g one /1) m. of
body fluicd the uniis of holofestiin in the toral ferritin are
determined as stased above. Since circulziory iron, or iron
conained in heloferrizing s relalive to iron stored inthe body
rssues. an exact measurs of o1l body ilssus stores can be
derermizied, by multpiving the urits of heioferrivn, vsualy
measured (n mizrograms, by & fzctor which depends oo the
size of :he tody ﬂu d samgle, for wammb it would be ten
(10y if © ml of tody Tuid sample s use

Alicrnatively, io calculale tota 'Jod}-' ;iss:c iron slores
from Lthe amoent of [emitin-ron, each nénogram (ng) fer-
ftin-ron recovered per mi of body [uid sample represents
aparotir:atf'lv 10 =g of bocy storage iroz. Thus, o sen

arritin-iron of 10 nz would represeat epproximately 100 o
c—f storzge iron.

By measuring the number of atoms of iron. or ng of
[ertzin-iron iz the towl —umber of molzcules of ferdin
protein in a body fuid sample iz accordance wit the method
o7 (ke pressn: invention, & mecical professionzl is able w0
securately determine & patient’s irem status. [t iz now Dos-
sibla w0 ciZerentizie beuween patiznis with a nermel tron
conlent, padens who are iron-denzient, patiems wig have
1= iron-overlead and patents with inflammation (ot any
disezse which stimulates ar increese in apofemiting. Foor o
\ne present nvention this differcntiziion was impossibie, For
cxzmple, i the totat ferritin arotein isolated from 2 body
ﬂu1d sampes is bigher thes normal bul the iron conlent,

asured oy the method of the present invention. is lower
‘han norma. iz is indicative of an inflammedion or discase
since apofeidn has increased. The tests poor [0[ € presei
invention, v,euld only have a“,nc'd ore skilled in the art Lhat
the “ferids” protein bas increased, which wouid cause an
assumption -hat iron 1ncreas¢d,_ when this in fact is noo
accurale.

On the other nand, if the welal ferritin proiels is average
and the iron content is down the patieat can be ciagnosed
accurately as having an iron deSeiency. 1o another instasce,
i {rom coment is above noeal the patient can be properly
diagnosed as heving iron overioad due o Being delerozy-
cous for the iron-pverioad gene, since holoferritin wilf nut
increasc for any zcason other Lran fron-overload.

Referring to Table 1. ascrum {emitin-iron 'ﬂcluw 10 ngiml
inCicates iron insuficiency. The range of norma 3
ferritin-iron betwsen 10 and 35 rgdml ol scrum, A serum
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”
lerrilin-ircn akove 3? h: /ml ol serem suggests iron 2xcess
and adove 10 SosItvEe Ll.«lqrmqs of iron excess.
Because exc Ry thoR nggered by nlammaton,
mey Tl some oo o : and thus may ralse the
ahsolute level of -irgn per mi of semum anove 37

= d

U

8
ngfml. pedients willl greater than 37 ng/m of fervitin-iron
prelerably should 2iso have the percent saturation w
f their fermiiin-proiein datermined. If the percont saturaltion
is greater taan 13%. the diagnosis is iron overload cven if
serum femilin-iron dees not exceed 100 ngfml.
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Price (o the present invention, it had o be
serum ferr’tin of 200 puz/L. in a satiear who
iron and fron-zinding capac;'y conlzined a
apoferrilin with no iron on i1 Conversely, i ;
of 200 wg/L is accompenied oy a nigh serum iron Jnd
ron-binding capacity, then it ha¢ o be assumed thosc 200
ug of serum fernitin totofertiin and conein a large
quantiy of iron, perhaps cven some ferriidn saturated with
4300 atoms of irea per molecule of femitin, Pder o the
present invention is was impossisle o detemize the sig-
niiicance of the serem ferritin fevel,

In accordance with onz advantage of the present ‘nven-
tion, the oresence of infammatary condizions may alsa be
diagnoses in z sitnation where iron sietus romains consiant
In this stizion, the presence of an inflammalion causes an
increase i lomitin protein, since it i3 an acuze phese
Accordingl}_-‘, the detection of an increase in {ertitin prolein

icvels, by e merthods of the present invention, allows a
diagao ‘is 01" an inﬁamma:aw cor.di:ion

e
[

aacst
CEoiant.

L:Ssuc iron siores have bcen xlr{;ﬁﬂ]x 11T‘p caled " he
paihogenosis of cancer, atherosclerosis, coronary antery cis-
ease, dabsics, impotence and nepede failure emong oiner
disordess. ncluding aging. The malor group a: dsk for iror,
overioed are those Lhat are heterozygous for a gene whick
rroduces iron overioad. Over 10% of American Caucasians
naye an HLA-linked zece for iton overload and ahout 30%
of Afdcan-Americans have 2 non-HLA-linked gene for frorn

averload, HLA typing is not only :00 costly, but it does not
ide:‘;ii"}' Afro-Amedcen heterozyeotes since their iron-over-
load gene i3 not HLA-linked. Tz importance of deiecting
iron ovarinad Is heightened by the polential further impac: of
wao commonly used drugs. aleeae] and vilamin €. About
L0 ol Americans consume 0.06-1 gram of vitarmin € per
cay. Boln o these commaonly corsumag drigs increase iron
grsorplion and iran stores and reicase catulviic iron {rom
femritin,

A pandcuizr ertbodiment of the dresent invenlon mea-
SUTCS mancgrams fesdtin-iton in a unit velume of serum
or cxample | milliliter {mit}, which initially com-
priscs recovering & known amount of serum from a patient,
2. 1 ml by methods koowa io those of skill in the art
mlomay be exirazied from 2 pedent and prepasced ror
izotalion of ferricn in ¢ number of wavs, for axampie, in2
serum may be isolated [fom =z biood sample 2ken from &
patient via z syringe. More specifeally, the seram is pre-
pared Dy cliowing the bl LJ()U te clot spinning the blood 1
3000xs for 0 mingtes and
oiher olaod components.

The Jerritiz is recovered b i
from oloer serum proleins, wilizh may be accomplisked oy
a vafely of methods known in the ar, for cxample, acid
extraciion. ammonitm stlfawe or ethane, precipitaton, anian
or caion exchange chromatogzeshy or affinity chromatog-
raphy, Preferably, however, immunciogical methods amc
used. These methocs invelve, for cxample, the use of a-
antihody directed sgainst fermiin. The antihocy may be

Tailin,

o
Le]

SCparallllg Log serim from tha

12 serum fermiin

lT 5t

dirceidly bound Lo a substrate, [or example polvityrene or
pol_v_ar pylens Lubes or latex partcics, or may ke covalentiy
Bound i0 a subsirziz which i¢ atwened on the inside of

EOiVSIVISRE o7 polyoropyiene sibas or on the oulside of latex
sarticles. The pregared serum szmple fs then passed over Lhe
bound enibocy in 4 sandarc solacos, and Lhe excess scrum
proteins are washed ru.n tre speciiic anttbody -ferrinn com-
plex lormed.

Antizodics lor cozpling o @ subsizate cre soitally raise

n

[
Lo}

[

[
¥
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[u=}
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mammal, however they are preferably raised in

mg of ferritin

in

rackits ¢r shzep. For this purpose. 50 ug o0 2
are vizc. The primary immuonizaldes invoives injecting a
soluiion of fermtip with the ecéditon of Freund’s adjuvant.
After some weeks test bieeds are Leken from the azimal to

isolale the antizodies frox the serum, efther by precipitation
witll ammorium suifate or by treatmeat with immunoabser-
bamts, for  example,  cyanogen  bromide-zetivated
SEPHAROSE 6B.

Procuctior of entinodies suitable for use in “he present
inventon from a rabait comprises emulsifying a solution of
100 pg of ferritin in | ml ol isoionic phosphae buller 27 pH
T 'MLh 1zl of Freund's adjuvant and injecting the mixiare
1mradc:'ma;;y at a number cof sites.

Test bleeds are taken at 7 to 10 cay intervals and “=e uter
of (e eni-serum i3 determized by immunodifusion zzains:
feritin. On oblaining a tier of 1:4, a dleed of 50 mls is
laiken. The nleeds zre repeated at 14 day intervals until the
titzr Tails below 1:4. All bload 1s allowed o clot and Lhe
seram 15 removed. The aniitody thus isolated fimmuno-
gamma-globulin 1g6G] is bound (o the substrate in the form
of polystyrent tubes, polypropy.ene tuses or latex particies,
the tauter having a diameter ¢f 2 few millimeness.

The antibely solution ontained is lyoonilized and stored
t 2% C. Suoszquently. leiex particles or polysiyrene or
alvpropyleze tubes are then washed in cartorn eractlosids
znd aTowed w0 dry. The dry pzriicles or 1ubes are conlacied
with hydroctloric zcid and cocied to room semperature. The
particies or tubes containing tha mLibOCv sonuiion are sl’r‘“:‘
for 20 minutes and washed with distiled water umil Free of
acid.

For Isolating lerriun in serzm, a subsirate so which the
ans-fersitin antibody l"anﬁbc-d}' directed zgalnst fomiiin) is
buu .G 12, @2, .atex particies, iz piaced in 2 reacuon izhe {or

e case of a polysiyrene o pelvorapylene tuse. the
antizodies are c.l'Cﬁ dy bo..m: 10 the inside of the tube),
difutec with nommal saline and a porion removed and
Incubeied Jor several hours, preferanly overmignt, 2t a tem-
peratucez of zbout 7 Lo 107 C., preferably <° C. with | ml
of catient's serum, znd 1-2 ml of bocate buler, proferasly
havinz z pH of between 8 and about 9.2, From 0.2 10 ©.0
weight pereent of bovine serom albumin may also T2 pdiéed
to the incuhation solutios, The suzsirate-antipody-[zmiin
compiex - then be washed with between 1-3 mi ol Lne

'rj =

o

Iridal weshing builer
The tuzes may then be

centrifuged and the serum aspi-
be washed wily iron-free water
znd aspiration of the supermaant

reicd. The tubzs mav the
“ollowed by centrifugation
and dried ovemignt.

After the forridx has beer precipiacd and concentraied,
thziron in the ferritin is exracted and released, The iron is
libe*a[ed by a namber of methods, including recusing the

erritin moizcule with reducing agents and the use of solu-
-31-.1.5'-.113 agents Lo dipes: the forhin protein shell and herate
iron out of ihe shell. Any reducing agents may bz used,
ircluding su ':p ydryl compounds, prefesanly, however, the
Iron is I eeJ from the Zerridn with mydravine.

Tre ferrin molecsizs may also be digested vsing acid
ane teating Lo ferilin-iron.

As staied orevions

~nlnngo
ToITast

v, the iron s recuced such that ihe iron
can now frecly p.;s “out of the ferilin molcsuie and be
mezsared. Feme tron, Fe®™ isunghle io be relezsed from the
ferilin molecule and. zecordingly, can not be measured.
Whan the femic iron is reduced 1o ferrous iron, Fe™™, the iron
in each foriic moiccule s released and moves owt of the
ferritin mwlecule and is, therelore, [Tee of the {2tz mol-

i
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ecule and capable of being measured.

The liberated fres iro- mey be measurzd by metzods
which cepend upon the calalvtic acivity of free fron. For
example. by the caralytic gereration of triobarbituric acid
reactive materizl generared by the action of free oz on
bleomycin complexed with DNA. Bleomyein is a glycopep-

udic ant" iotic used in :he irezimen: of cancer whose major
effect Is the degradation of DNA. One posiulated mechanism

of action is that I binds o DNA and thex is sctivated w form
[res radicals in tae prasence of Fe™.

For examp:e, <n¢ released ‘voz s measured oy the ¢oio-
rimetrlc method which nvolves reacting a colorimeatric
agent with the sampie soluiiorn after adjzsimert to 2n acidic
pl{ with Lhe additiors of saturated sodizm acetate znd mea-
suring she chanze in ghsorbance ai 334 n. The colorimetric
assay may use various colorimetric agenss, such as ferrozine.
Preferably, owever the colorimeatric agent is »athophenar-
throline, and in an 2ven more preferred emdodimezt i is
bathophenanthroline scifonate.

{ron ey also be desermined Dy removing a pomion of the
ac’é digest ard asszving this ziiquot directly in an atomic
absorption specrophoiometer wilr & graptite furmace under
an argon atmosphere.

1i should =e readily zpparent to mose of skill in the art
from the teachings hersir, that other nody fluids may be
sibstituted for the examgles given which use bloed ssrum as
tac body “uid for deiermining sl body tissue ron stores

Having now generailv descrined 1he invention, the same
wiil be more rzadily understood thoough reference to e
following examples which cre provided by way of illusira-
don only and are nos iztendad o be Hmiting of the present
invention.

EXAMPLE 1

Measuremert of Iron Corient in | ol of Serum
Femtin

Pragasarion and Corcentration of Serum
Ferritin with Antibody

Sep i

Anti-

Precipitation of Serum Femitin with Rabbil
» Serum Ferritin

A 31000 dijuden of 7 mgimd rzopit polyclonel anti-
human ant-lemtin anmibody (Accurate Cherjcal and Sci-
ertific, Westbury, Long [sland] is aehvercd ina 2 mivolume
cl 0.2M NaHCO,, pH 8.2 10 12x73 polwtv’cm abes. The
tubes are rosated Jor 90 minutes at fOOM EOPETAQIrE OO AN
cuomated rosaor ab a 257 angle. The aniibody excess is
rernoved and the wbe s washed with 2w of 4.5 g/& NaCl
pH 8.2 cortaining 1 mg/ml of bavine abumin followed oy

2 wash with crhelexed distilled warer (Chelax 50: 200 mesh.
S'U[TIB. Chemica Company, 5t Louls. Mo.), Tre tubes arc
then incubated with samples of serum dilvied in 2 ml of the
imitial washing buffer, The tubes zre incubated ovemnight at
4 C
1.2 Precipiizion of Ferritin with Axtleritn Amibody
Bourd {o Laiex Particles
Monaclonar amilertiin zntibody-coated lalex partic.cs

arc uscl. Approximately 100-300 il of serum Is incubated
10.' 30 minuies (with gertle mixing) at 257 €. with 50-200

ul of mouse monocional antifervisin coaed particles. The
suspension is spun @ 4000 times g for 10
washed with .1M NaHCO, ai pH 8.2 washing tuffe:
spunt 2gein w0 separale free ond Lansiermno bound on.

minctes and 4

[
”

<

[
Ly

1
L

&0

T
o

14
1 3 ecipitation of Fernitin wit Rahoit Anti-Himan Serum
Farritiz Coated o2 Polvpropyiene Tuzes
Ths rmethod i3 similar 1w Example 1, however, the tubes
ame first rezted with a selution of 1% glutaraldenyde & 36°

C. for 1 hour in order o laciliate bmung of antizocy o (he
lubz.
Siep 2. Release by Solubilization and Reduction of

Ferritin [ron

2,1 Separaion of Anibedy Bound Fertitin From Latex
Paruicles or Tubes

The ferrtin-antikody complex may first be separated Tom
ine latex panicles by incuhation for 13 minuies at 37 degress
cendgrade with a detergent. A 5 percent solution of poly-
oxyelhylepe sorbitan mozoleurae (TWEEN 20} is used.

.25 mi is added to tze spun and washed latex particiss from
the incubation desaled i 1.2 zbove. Scparation of the
fermitin from the latsex particles orovides a cleaner szmpis for
the co.ormetriz reaclion for the derermination of iron.

The defergent can sircilarly be added lo remove the
[ezritin from the coated mubes and Lhus concentrate & in &
sl volome,

2.2 Hvdrazine Reduction (te Releas
Ferritin)

Hydrazine s added to the ferrilin ihat has been separated
in siep 2.1 znove, cither from latex particles or from rudes,
in a firel concentration of 1.23%, It is at 25 degrees
"‘ntigrﬂdu for 10 minuies.

2.3 Proteiz Precipitaiion, Solubilization
lron

Any remaiming ferritin-round iron is liberated through
cefdification y acdilion of 0.23 m. of a solulion ol 1M
nydrochloric zcid, 16% wichloroacetic acid and 3% thicgly-
colie acid, This is incuaated for 60 minutes at 70 Jegrees
cenligrade. Proteins gre hydrolvzed or precipiiaied by this
step.

2 the iron From the

caoied

s reced

znd Reduerion of

Siep 3. Megsaremem of Trox

3.1 Baihophenanthroline Aszsav

The concenirating of serum ferritin oy immunclogical
echnigues desetiped above In Step 1, and the release by
solubilizesior, ard reduciion af fersitn bound iron deseribed
ir Step 2. is now followed oy the measurement of the fermitin
iron v & colonmetric method, & microcuvette Is uscd Jhal
enables Lhe, weasurerent of color change in 0.23-0.F =
samrples. The exiinsion ceslleian: for sathepnenanthroling
is 22,140 at 332 nm. The combination of immunological
echnigues for concentraling the fertitin, the '.'_r.era:{on ol
ferritin ‘ron. apd the microcolorimairic method 2nables the
ralisble quantization ol as fitle as 10 ng ol iros/szmple.

Tae chromogen soludon s comprised of 1.5M sodivm
acctale conlzining 0.023% behophenanthroline suifonate
with a pfl of 4.3, It is prepared fresh, The chromogen
soiutioa is azded in 2qual volurme io the sampie selutios and
alowed io react {or 10 mirutes at 23 degreas centigrada. A
slandard of Fe®™ [Zrom [errous chioricde) dissolved in the acid
solution datafied in par: 2.3 above is used. Sancarcs of 0, 3,
10, 20, 40 and 30 ng of iron are uscd. The absornance 1s
measi red at 334 nm and ke iron corzent of sampies ca.cu-
Fram the stardard corve preparced from the iron slen-

3.2 Bleomyoin-DINA Assoy

olowing relezse an d solubitizalion from ieminn, tac
ferritin ir asured v uihor ossavs such as Loz
blcorn}_un-DNA CL.‘mJ). P,’DdUL,JUj of a taicharbizurde acid
reactive product results from Do reaclion of DNA and
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hiecmyein ?n the presence of soiulions coniaint
iron salts, 0.3 oo ol calf thymus DNA (F mg/mit iz =
with 0.05 ml of blsomyein suiphae (1 me mi}. C. 1 ‘T‘J of 30
md MgCla, 005 we of IO mM HCL 0.0 mi of 78 mg/mt
ascorbate and 0% mi of samole. After incubaiion at ﬂ for
2 hours the reaziions are stopped by the addition of EDTA
i 1 ml of 0,107 and mixed with 2r egual volume of | ml of
19 wiv thigbarbitanic aeid. heated ar 1007 C. for 15 minutes,
\.OOIL.:[ and Me chromogen read at 534 nm. Semplss ars
comparaC 10 a swndard curve using fernie chloride.

EXAMPLE 2
Measurement o7 Serum Ferridn-Iron
Stzp U Immeno-preciphation and Concenration of
Forrtiz

Rabbil asti-fuman ferritin golycional anibody (7 mg/ml)
wis purchased from Accurate Scizanfic, Westbury, N Y. The
ani’body was diluied 0.1-30 =l with normal saiize. 30
lambda was ihen mixed with aad incubsied a: pH 8.2
overnight ar 4° C. wih 0.025 =m0 of Repligen [PA 400
immobilized rProteiz A cross linked (o agarpse Deads (Rep-
ligen Corp., Cembridgs Mess. ) in a polypropylens tube. The
anibody bound o zgarose was stored & 4° C.oia ths

in&ividual tubes wntll used. 2 ml of serum i3 addec to each
tube, izcubated 2 hours ar room Emperzure ;mh genia

rocking, and then 2lowed 1o siend overnigl

Step 2. Washing to Remove Other Iren-containing
Proteirs

The ollowing meming the lubes arg spun at S0G0 ¢ and
e serum aspiratec. The beads are washed twice with 2 ml
aliczots of iron-free water followed by spinning at 5000 g
and aspiraton of te sopematent, The tebes are then dred in

a 377 C. dryer overmight,

Step 3. Digestion
To ezch tube 0.2 ml of HNO, (3N is added, vonexec anc
heated Jor 2 hours 20 73° € in a waterbath. 3¢ min o 1 hour
is safiticient. All maierial is dissolved =2 this point.

S?.cp 4. Dzierminaion of Iron

ko

10 Lamkda aliguots of the nitde acid digest are assayed
directly inan Atomic Azsorption Spectophoiometer (Perkin
Elmcr Madel 50000 wih a graphite fumace (Moedel HGA

2000, 4 ergon atmosphere. Absorbance 2 measured
at 2283 am. The :.31"10,\, is dried at 100% C. {or 50 seconds
iremp time 25 seeondsh, charred an 15007 C Jar 50 szcands
framp Jme 29 :acorndst and alemized e 2300° C. for 7
seconds, The sensitiviny of ihe assey was approximately 1 ng
Fe,

Numerous modi
Iny¥anion

=dar an

v:u*ia-'.ions o" 3

"‘-ca'_ior's ;rc'-

are poss

therefore, within “Re scope ot the appended claims, L'.".e
invenidon may 32 orzcliced otherwise than as particularly
desenzec.

We claim:
1. A process for
a patient camaris

svaliaing total body dssue iton stores iz

Ln

¥

on

tn

1
tn

&0

16
releasing iron contzined in fervilin arotein iso.ated from =
unit volume of body {luld sample secovered from the
patient:
measuring the released ron; and
evaluating the total body tzsue iron sores 0 the paien.
by comparing the amount of measured szicased iron per
unit volume to a normal range for famitiz iron per unit
velume,

2. The process of claim 1 further comprising maasuring
the percent saturaiion of iron in the isclated feoritin protein
and furher eveluating the towa’ hody dssue iren stores bascd
on szid percent saturatior.

3. The process of claim 1 wherein
is serom,

4. Tte process of claim 1 wharein the ferritin protein is
izolated 9y immuroprecipitating the ferriin protein from the
body Guid sample with an ardi-ferritin anttbody cound to a
solid support, wherein said supporied anti-ferviin antibody
was prepared by incubzting \he ani-femiun anibody wiln
the solid support at a pH of aboui 8.2,

5. The nrocess of claim 4 wherein the anti-Iermrit
nody is a rabhit anti-ferritin polveicnal antibody.

6. The process of claim 4 wherein the s0id support
zgarose acads.

the body {uid sample

* anti-

7. The process of claim 1 wherzin izolating the ferritin
grotein includes imemunoprecipiiziing Lae fermnn prolein

witit an anti-ferritin antibody covalendy boued to 2 solid
support, wrerein said supported anti-fersitin antibody was
prepared by incufaling the anbi-izomtn ant’body witn the
solid suaport 2t & pH of abou: 8.2,

8. The process of clairm 7 wherein the anli-‘eriin anti-
body 18 a mouse anti-lermlin maacclocal annbody,

9. The zrocess of claim 7 wherein the anli-femmisn anti-
nody 15 a rabiit anti-lertitn palvelonal antibody.

1} Tre precess of cledm 7 wherein thz soild suppon s
agaroze 22acs,

11. The process of claim 8 wherein the solid suppont ©

12, The :\ro(fus of claim 1 wherein releasing (ne iron
ined ‘a the forvitin protein compriszs contaciing the
in profein with ¢ reducing ggent 1o convent f2mic iron
o feme:
13. The process of clalm 12 wherein the reducing egent is
hvcrazize.
14 The orocess of claim 1 wherein relcasing 'he

iron
the

{7 the ferftin protzin comprises contaciing

Iominn orolain with an acid and hzaiing t2e resuling solu-
ton,

15, 'I"e* ocass of claim 14 wherein the 2eid s nitde acid,

16, Thz process of claim 1 wherein mezasuring the iran
COIMETISCS r\,-mcit?-.g :he rcieased iron with 2 sathophenan-
throline compound. meesiring ithe abzorberce at 334
netometers, and comparing the measured absorbence 0 &

sterndarc curve prepared rom sarmples conlainin
amount of iron,

17, The orocess of claim 16 whersin the bethoohonan-
hroling compound is bathophenanttroline <ulicnate.

18, The process of claim 17 whcrcin the pH of the
sarzophenanhreine stifonate {3 adjusied o 4.3,

19, The prozoss of claim 1 whercin the released imon iy
meesared by atomic azbsorpron specrophoiometer with a
araprile fumece under an argon aunosphers,

nE & Known
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