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ABSTRACT

Virtwally alk cells have translerrin receptors {a transmembrane glycoprotein) on their surlace,
but in a normal adult, 80% of them are in the erythroid marrow. Some of them are fost inio
the circulation where they can be measured by immuno-assays. A direct and highly signifi-
cant correlation cxists belween serum transferrin receptor level and erythron transferrin upta-
ke in humans. The measurcment of serum transfersin receptor has wide clinical applications
for the quantitation of erythropoiesis. It can be used to study erythropoiesis in sifuations in
which ferrokinetics is not acceptable, such as pregnancy. It is particularly useful for ser_iai stu-
dics. i.¢., for monitoring the recovery of erythropoicsis after stem cell transplantation or after
treatment with erythropoictin. Combincd with the determination of serum erythropoietin,
hoth cvaluated in relalion to the degree of anemia, they provide a physiological approach to
the diagnesis of ancimia. Thus, the simultancous determination of hematocrit, reticulocyles,
serum tansferrin reeeptor and serum erythropoietin has high discriminatory value in distin-
guishing between a defeet in erythroid proliferation, materation or red cell survival. [tis also
particularly usciul for delecting the presence of multiple mechanisms of ancmia in the same
patient.

INTRODUCTION

Erythropoiesis is primarily dependant on erythroid progenitors, their stimulation by erythro-
poictin (Epo), and adequate supply of iron. .

Epo production by the kidney is determined by the level of oxygen supply whiclk mostly
depends on the red celf mass, Epo stimulates red cell production by inducing the proliferation
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and differentiation of commitled erytheoid progenitors, In the presence of a normal marrow
stem cell reserve, erythropoiesis will thercfore increase in proportion to the degree of anemia.
In the [ast ten years, new tools have been developed for the evaluation of erythropoiesis. This
paper discusses the clinical relevance of serum transferrin receptor and Epo for the quantita-
tion of erythropoiesis in man.

IRON, TRANSFERRIN AND TISSUE TRANSFERRIN RECEPTOR

The internal iron cycle consists of iron vptake by immature cerythroid cells which incorpora-
¢ most ol the iron gaken up inte hemoglobing the subscequent circulation of (he iron-contai-
ning red cetl through the vascular system, the eventual processing ol senescent or defective
red cells by the reticuloendothelixl cells (macrophages and KuplTer cells) and the return of
iron Lo circulating transferrin. This cycle is driven by erythropoicsis.

[ron transport in the plasima is carricd out by translerrin, a single chain glycoprotein of 30.000
Daltons. The transferrin gene s located on chromosome 3 and there is evidence that it deri-
ved from a gene duplication event. Transferrin synthesis takes place mostly in the hepatocy-
te and produciion is increased with iron store depletion and decreases with repletion. The
plasma iron poot is hetcrogeneous, consisting of apo-, di-, and two forms of mono-ferric
transferrin molecules. The two menoferric forms have identical iron-donating capacity both
in terms of rate of donation and pattern to tissue distribution. However, there is a 3.5-fold pre-
ference of receptors for diferric compared with monoferric transferrin and removal of iron
from plasma occurs prefercntially from the pool of diferric molecules. Iron donation to cells
is an all-or-none phenomenon in which both atoms of iron are removed simultaneously from
diferric transterrin.

The eadocylic pathway ol transferrin and its receptor has been well characterized, At neutral
pH, the translerrin receplor has very high allinity for dilerric (ransferrin, intermediate affini-
Ly Tor monofestic transferrin, and very little for apotranslerrin. On the other hand, it forms a
very stable complex with apelransierrin at pH 5.0, After the binding of transferrin Lo its spe-
citic surface receptor, Lhe complex is internalised in an endocytic vesicle or endosome. Due
to the acidilication of that organelle, iron is released from the iron-carrying transferrin. In
contrast (o most ligands which al that point dissociate from their receptor and enter a path-
way leading to fusion with [ysosomes and degraclation, apotranslerrin remains bound to its
receptar because of the actdic pH. As wilh many receplor systems, the translerrin receplor is
reeycled 1o the cell membrane, carrying apotransferrin back to the ccll surface where the neu-
tral pH causes its release. The duration of the intracellular pathway is between 3 and 16 minu-
1es.

Virtually all cells have transferrin receptors on their surface, but the largest numbers are in the
erythron, placenta, and liver . In a normal adult about 80% of transferrin receptors are in the
erythroid marrow, and thal proportion even augments in situations of stimulated erythro-
poicsis. Receptors increasc from low number on erythroid progenitors 1o a maximum of
800.000 per cell on the intermediate normoblasts, before declining to about 100.000 on reti-
culocytes and none on mature red cells. It is gencrally admitied that hepalocytes express
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20.000-50.000 receptors. Receptor densily on cells is refated 1o the availabilily of iron as
deprivation of iron results in prompt induction of transferrin receplor synthcsis whereas
cxcess iron suppresses receptor number (figure 1) This phenomenon is controlled at the
transcription level.
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Figure 1: Location and density of tissue TJR.

In a normal adalt, abowt §80% of TR are in the erythroid marrow. With expansion of ervthro-
poiesis, the number of TIR increases proportionally. Iron deficiency results in induction of TfR
svnthesis. TIR are represented as iriangles af the surface of the cells.

CIRCULATING {(SOLUBLE) TRANSFERRIN RECEPTOR

The soluble translerein receptor (sTIR) has been identified in rat (1) as well as human sen.;m
(2). The soluble receptor is a truncated form of tissue receptor lacking its [irst 100 ~am1no
acids, probably derived by cleavage of the extzacellular portion of the receptor (3). 1 circula-
les in serum in the form of a complex of translerrin and its feceplor, possibly with Lwo recep-
tor monomers hinding lo one trnsferrin molecule, with a total molccular weighl of about
250.000 (ftgure 2} _ .

A number of quantitative assays, including radipimmunoassays and enzyme -linked immu-
noabsorbent assays using polyclonal or monoclonal antibodies, have now been set up to
measure sTIR in biological fluids. Iz normal human subjects, receptor levels average 5.000 =
1,100 ng/ml.

The Tevel of ciythropoietic aclivity has been found to be the most important determinant (_)f
sTIR levels (2, 4). Decreased sTIR levels are found in situations characterized by erythroid
hypoplasia, such as hypertransfusion, chronic renal faiture, severe aplastic anemia, or after
intensive chemotherapy. Increased sTIR levels arc seen in situations of hemolysis or stimula-
ted ineffective erythropoicsis such as immune hemolytic anemia, hereditary spherocytosis,
sickle cell ancmiz. thalassemia, megaloblastic anemia, or sccondary polycythemia. Soluble
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TIR levels range [rom a minimum of aboul 700ng/m! (which would represent the contribu-
tion of non-erythroid tissues to serum levels) when erythropoiesis is totally suppressed, to
about [00.000 ng/ml in a severely ancmic thalassemia paticnt. Increased expression of trans-
[errin receptors has been documented on the surface of malignant tumor cells as compared to
their normal counterparts. However, data on receptor levels in paticnts with a variety of myc-
loid, lymphoid and non-hematologic mulignancics suggest that, with the exception of poly-
cythemia vera, chronic lymphocytic leukaemia and high-pgrade noh-Hodgkin’s lymphoma, the
possible contribution of ncoplasic cells o plasma TIR levels is negligible,

The plasma iron turnever (PIT), in which the daily transport of iron through the plasma ts cal-
culated trom the plasma iron and the radiciron disappearance curve after intravenous injec-
tion of a tracer dose has been exlensively used as o quantilative measure of crylhropoiesis (5,
6). This relationship is meaninglul because about 80% of iron passing through the plasma is
delivered to the erythroid maurow and iron uplake of other tissues remains reladively constanl.
Multicompartmental nodels of iron pathways have then been proposed to quantitate effecti-
ve erythropoiesis, incflective erythropoiesis, red cell litespan, and non-erylhroid iron turnover
(7, 8). These studies are cumbersome to perform, usually two weeks in duration, and require
repeated blood samplings and sophisticated computer calculations. The use of these models
is also hampered by the fact thal they are based on assumptions which may not all be valid,
and that certain aspects of iron exchange arc impossible to resolve. A simplified approach to
the ferrokinetic evaluation of erythroid marrow activity has been proposed by Cazzola, and

TRANSFERRIN RECEPTOR
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Figure 2: Molecular forms of the TfR.

The left panel represents cellular TR composed of two monomers (MW 95:000 each) linked
by two disulfide bridges, and capable of binding one transferrin molecule (Closed circle, MW
80.000), 1o give a total MW of 270.000. The right punel represents sTIR, a complex of Tf and
neo truncated monomers (MW 85.000 each), to give a total MW of 250,000,
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the erythron translerrin uptake (ETU) is now cstablished as the best available method for the
quantitation of crythropoiesis (9, 10). The dependence of sTIR levels on the activity of the
erythron is further demonstrated by the strong correlation observed between sertim receptor
and ferrokinctic measurements of erythropoicesis. This has been shown in rals and confirmed
in humans in whom the relationship between mean erythron transferrin uplake (ETU) and
mean sTIR level in subjeets with a varicly of diagnoses is very close to the fine of proportio-
nality {from 0.2 to 10 times normal) (11).

The sccond major deierminant of circufating TIR is the body iron status. As compared 1o nor-
mal values. sTIR ievels are about 25% lower in patients with idiopathic hemochromatosis and
about 200 higher in non-anemic iran-deficient subjects. These variations are small compa-
red 1o those determined by variations in erythropoicsis.

ERYTHROPOIETIN

Epo is a glycoprotein hormone consisting of a single chain of 165 amino acids and four cai-
bohydrate chains containing a large amount of sialic acid, giving a molecular weight of
34.000 Daltons. Glycosylation is required for the survival of EPO in circulation, but not
necessarily for its biological activity. The gene for erythropotetin is located or chromosome
7 and its transcriplion is activaled by hypoxia.

Epo production takes place primarily in peritubuiar cells of the kidney that arc probably
endothelial cells or macrophages. Epo is also generated in the liver and in marrow macrop-
hages, but this accounts for no more than 10-15% of total production and cannot compensa-
te for loss of the renal source. Epo production is regulated through a feedback system between
{he bone marrow and the kidacy which depends on a renal oxygen sensor, possibly a heme
protein © Bpo stimulutes the bone marrow to produce red cells whose circuiating mass deler-
mings the renal oxygen concentration.

Immunoassays kave now replaced bioassays such as the polycythemic mouse assay or the
mouse spleen cell assay for the measurements of serum Epo levels. Levels normal indivi-
duals arc in the range of 10 to 25 mU/ml.

In the laboratory diagnosis of aneniia, however, serum Epo should not be quantitaled in abso-
lute terms. In Cact, provided that the erylhropoictin-gencrating apparatys in the kidney is cffi-
cient, levels increase exponentially as the hematoerit decreases. Conscquently, serum Epo
levels must be expressed in relation Lo the hematoerit. This can be done by determining the
exponential regression of scrum Epo versus hematoerit in reference subjecls, and defining the
95% confidence limits. In clinical investigations, the adequacy of Epo response to anemia has
been gencrally evaluated by comparing the regression curve of serum Epo versus hematocrit
obtained i a group of paticats with that of reference subjects (figure 3). When studying an
individual patient, appropriateness of Epo responsc to anemia can be evaluated graphically as
indicated in fig.6 or through the obscrved/predicted log(Epo) ratie (O/P ratio). The O/P ratio
averaged 1.00 = 0.11 in our refercnce subjects (95% confidence interval : 0.80- 1.19) valu-
cs Jower then 0,80 indicate ar inadequate Epo responsc to anemia.
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The wide range of appropriate Epo levels for ancmic patients suggest that faclors other than
lissuc hypoxia influence scrum Epo (12). In fact, al any given hematocrit leved, serum Epo is
higher in patients with low erythroid activity compared with patients with hyperplastic eryth-
ropoiesis. Thus the second major determinant ol serum Epo is the red blowd cell precursor
mass (1.3). 1t remains (o be determined whether the erythroid precursor mass acts directly by
utilising circulating Epo or indirectly by influencing the rale of Epo production.
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Figure 3: Regression of Epe
levels versus hematocrit in dito-
logous (upper regression line)
and allogenic {lower regression
line) transplants. Control subjects
are represented by their 95% con-
fidence limits (shaded area).
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ASSESSMENT OF ERYTHROPOIESIS BY SERUM TRANSFERRIN RECEPTOR
AND ERYTHROPOIETIN DETERMINATIONS ’

Somme applications are described along Lhe following lines.

1. Measurcment of erythropoiesis during pregnancy

Pregnancy causes a rise in plasma volume and red cell mass which reach respectively [50%
and 120-125% of non-pregnant values near term. However, the total red cell mass first decre-
ases in early pregnancy, before gradually returning to non-pregnant values by week 30 and
further increasing in late pregnancy.

Using the serum TIR assay, it has been possible 1o show for the first time that important chan-
ges in the rate of erythropoiesis take place during pregnancy. In a large study, erythropoiesis
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was shown to be depressed in carly pregnancy, to normalize in the first part of the third tri-
mester, and {o increase slightly beyond normal values in late pregnancy, at delivery, and iq thc.
carfy postpartum (14, Ahmost 50% ol women had receptor levels below the lower ln.ml ol
normal around week 16, but virtwally none altler week 37. Although serum Epo levels incre-
ased slightly throughout pregnancy, when Epo levels were analysed in relation {o the hema-
tocrit, both individually by O/P ratio and collectively in regression analysis, it was shown lh.al
Epo production is impaired in carly pregnancy, recovers in lale pregnancy, and normalizes in
the carty postpartum (14, 13). Whea predicled Epo values were derived for cach hematocrit
and an O/P ratio of observed/predicied log (EPQ) was calculated, there was a striking paral-
lebisin between Epa O/F ratio and TR throughout pregniney (Nigure 4. Therelore, impaired
erythropoicting pracduction is responsible lor delective ecylhropoicsis in cacly ]?rcgnuncy.
Several physiologic adaplations 1o pregnancy may augment oxygea supply to the kidney sen-
sor, Lhus depressing erylhropoictin release in the first (rimestes.
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2. Recovery of erythropoicsis after stem cell transplantation

a) Bone marrow transplantation

The cffect ol various factors on the kinetics of ncutrophil and platelet engraltment after allo-
genic (BMT) and autologous (ABMT) bone marrow transplantlations has been extensively
studied. Not much attention has been given crythrocyte recovery, partly because of lack of a

ERYTHROPOIETIN - G, FILLET 423

reliable method to monitor erythropoicsis sequentially, Again, the sTIR assay provided the
oppartunity (o investigate the recovery of erylhrepeiesis after marrow transplantation (16).
Contrarily 1o platelel and neutrophil engraftment which are Taster afler BMT, erythrocyte
recovery is significantly delayed alter BMT us compared to ABMT. Afler an initial phase
where it seenis o follow the same course as in ABMT, erythropoiesis stays al insufficient
intensity for months and reaches levels similar t those achicved after ABTM only alter onc
year. Epo production in ABMT paticnts remains adequate throughout the post transplant
course. After BMT, Epo levels rapidly become inappropriately low and slays so for prolon-
ged periods of times (17). Therefore, the development of crythropoiesis after autologous
fransplantation is determined by the overall marrow profiferative capacity and Epo plays only
a facifitading role. On e other hand, alter allogenic transplantalion, erythropoicsis depends
on Epo levels which remains inadeguate Tor prolonged periods of lime (ligure 3),

b) Peripheral blood progenitor cells (PBPC) transpiantation

The more recent use of PBPC collected after chemotherapy and/or growth factor{s) adminis-
tration has permitied a lasicr hematopoictic reconstilution than that seen with the transplan-
tation of bone marrow cclls. Since Epo production is appropriate in the auwtologous selling,
this leads to rapid erythropoictic engraftment. Indecd, while TfR levels reach their nadir on
day 7 both tn PBCB and mariow transplants, sTIR retums to normal values by day 28 in
PBPC transplants but not within 100 days in marrow transplants (18).

3. Erythropotesis in chronic lymphocytic teukaemia and multiple myeloma

Chronic lymphocylic leukacmia (CLL) and multiple myeloma (MM) arc hematologic malig-
nancies where anemia develops with advancing stages {Binet, Durie & Salmon, staging sys-
tems). Anemia usially progresses in parallel with marrow infiliration, but several cylokines
known to inhibit erythropoictin formation are produced by CLL B cells and myeloma cells.

In CLL. Epo levels arc increased compared to normal individuals and this elevation appears
adequate for the degree of anemia. The slope of the regression of Epo versus hematocrit is
similar 1o that ol a reference group. sTIR levels are also appropriately clevaled for the degree
of anemia and correlate with serum Epo. Advanced stage is not associated with reduction of
Epo production bul diminished erythropoietic activity can be observed in some paticnts.
Therclere, anemia in CLL is not characlerized by inadequate Epo production (19). Increased
hemolysis and/or splenic sequestration certainly play a role.

Ancmia is also a frequent complication of MM. It may occur cven in the absence of massive
marrow replacement by malignant plasmocytes and in the presence of normal leucocyte and
platetet counts. When erythropoiesis is quantitated by serum transferrin receptor levels, it
appears that the mechanism of ancmia in MM is primarily defective red cell production.
Erythropoiesis decreascs and anemia worsens significantly with advancing clinical slage.
25% ol the patients have inadequate Epo production and this proportion increascs to 30% in
stage 3. Inapproprialc Epo production is seen in 60% of paticnts with renal impairment but is
also observed in a number of paticnts with normal renal function. Erythropoiesis correlates
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strongly with the adeguacy of Epo production, particularly in advanced discase. Therclore,
most myeloma paticnts have defective red cell praduction cven in the absence of massive
marrow infilration and inappropeiate Epo production contribuses to their anemia (Z20).

4, Early prediction of respense to recombinant human erythropoictin

In response (¢ recontbinant human erythropoictin (rHulpo), the crythrobiast compartinent
starts 1o respoad within a few days but requires a period of 6 weeks to fully expand before
reaching a steady state during which the hemoglobin continues 1o rise (21}

a) Anciia ol chronic genak lailure

tHuEpo has been shown to be effective in correcting the ancmia of chronic renal Failure, but
the dose needed may be variable. In the [irst years of rHuEpo usage in renal faiture, a study
was conducted 1o assess the value of various laboratory parameters (baseline values and carly
changes) as predictors of response to tHuEpo. The best prediction by pre-treatmert parame-
ters only was obtained with bascline serum translerrin receptor (<or 2 3.500 ng/mi) and
fibrinogen (< or 2 4 g/l) : 100% response ratc when both paramelers were low, versus only
299% when they were both high, and versus 67% when one was low and the other high. This
illustrates the importance of functional iron deficiency (higher sTIR) and subclinicat inflam-
mation (higher fibrirogen) in impairing the response to rHubpo. Evaluating the early cryth-
ropoietic response to rtHuEpo before a significant change in hematocrit could be observed was
also very uscful. In hemodialysis palients, a sTIR increment of at least 20% after 2 weeks
secured a response in virwally 100% of the patients. Thus, the response to rHuEpo could be
predicted early by pre-lreatment fibrinogen an sTIR, together with early changes of sTIR
levels, Barly recogaition of a low probability of response in a given paticnt could help iden-
(ify and correct spectiic causes of treatment failure (o trasten clinical improvement and avoid
prolonged inellective use of an expensive medication (22). Nowadays, this implies the syste-
mic use of 1V iron supplementation Lo avoid [unctional iron deficiency. Being so. nearly all
rHuEpe treated patients respond to therapy.

b) Anemia of cancer

Many studics have shown that rHuEpo therapy can ameliorale the ancmia associated with
cancer and chemotherapy, reduce the need for transfusions and improve the quality of life.
However, a namber of diseasc- or chemotherapy-related factors determines the probability of
response. Several specific mechanisms of anemia, such as hemolysis, splenomegaly, blee-
ding, hemodilution or ineffective erylhropoicsis can seriously interfere with responsc. Stem
cell damage by previous therapy will impair response and marrow suppression by current
intensive chemotherapy wilt also have a negative impact. Complications such as infections or
nutritional deficicncies arc important response-limiting factors. Because up to 40% of the
patients will not respond 1o rHuEpo, it is of utmost importance o develop models that could
help predict response to rHuEpo and thus select the most appropriale cancer patients for this
therapy. The combined use of baseline scrum Epo and the (wo 2-week sTfR increment pro-
ves Lo be very powerlul, achicving an overall accuracy of 90%. However, earfy prediction of
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response based on sTIR elevation early in the course of treatment will not be valid in patients
in whom rHuEpo essentially stimulates ineffective erythropoiesis, for instance patients with
a myelodysplasic syndrome.

Hct

Red cell
mass

Erythroid marrow
hyperplasia

f Erythropaoietin

sEpo
Tigure 5: A simple model of erytivopoiesis.

Anemia {measired by the Het or Hi level) stimulates Epo production by the kidney {meas-
wred by serumy EPQ} which in turn stimuleates erythropoiesis (measured by sTfR). The reticu-

locyte index discriminates between cffective and ineffective erythropoiesis. The physiologic

assessment of red blood cell disorders can be meade in a single blood sample.

5. Functional classification of anemia based on measurements of serum transferrin
receptor, erythropoietin and hematocrit

We evaluated the quantitative value of a simple model ol erythropoiesis, based on the basic
assumptlions that the red blood cell mass determines erythropoietin production, which in turn
stimulates erythropoictic activity (figure 5). Instead of only quantitating Epo and crythro-
poicsis in absolute terms, we also evalualed them in relation to the degree of anemia, and
expressed lhe resulls as a ratio of observed valucs Lo values predicted from the regression
equations between hematocrit one the ene hand, and Epo and STfR on the other. The slope
of the regression of sTIR versus hematocrit was very similar 1o the slope of the regression of
Epe versus hematocrit (figure 6). We identificd four major patlerns of erythropoicsis, i.e., nor-
mal, hyperdestruction (with variants of hemolysis or ineffective erythropoiesis), intrinsic
nmiarrow hypoproliferation, and defective Epo production. The reticulocyles count and index
was uselul to scparate hemolysis from incffective erythropoiesis. Thus the pathophysiology
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of anemia can be assessed by a simple measurement of hematoerit, retic index, Epo and sTIR
levels, with Epo and sTIR being more informative when expressed in relation Lo the degree
of anemia. The model is particularly uscful for detecting the presence
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SOLUBLE TRANSFERRIN RECEPTOR AND IRON STATUS

TR is ondy a marker of erythropoiesis when iron stores are adequale and available but addi-
tionally becomes a marker of fron stalus when Lissue ivon deficiency occurs.

a) Iron deficiency ancmia

sTFR level is considerably clevated in iron deficiency ancmia and increases cxponentially
with the resulting enhanced erythropoietic stimulation.

b) Functional iron deficiency

Functional iron deficicney is an imbalance between iron nceds in the erythropoietic marrow
and iron suppiy, which depends on the level jron stores and its rate of mobilization. An cle-
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gant study has made a major contribution 10 the cvaluation of sTIR as a marker of the iron
status (24). When normal volunteers underwent graded phlebotomy, ferritin decreased
progressively while sTTR did not change much during the phase of storage iron deplction.
However, sTIR incieased significantly when marrow functional iron deficiency and anemia
developed. Therefore, the iron status may be lully assessed by using serum ferritin as a meas-
ure of iron stores (slorage iron depletion), sTfR as a measure of functional Lissue iron defi-
ciency (iron deficient crythropoiesis), and hemoglobin as a measure of advanced iron defi-
ciency (iron deficiency anemia).

©) Inflammation

STIR remains normal in the anemia of chronic disorders. This may help distinguish this cli-
mical problem frons iron deticieney. Blunted Lpo production and suppression of crythro-
poicsis by cylokines are the main reasons lor the ubsence of clevation of sTIR in the ancmia
of inflammation.

d) Concomitant iron deficiency and infTanimation

Patients with the ancmia of chronic disorders may also have concomitant true iron delicien-
cy and then show sTIR levels similarfy elevated as in pure iron deliciency anemia. Contrarily
to serum ferritin, sTfR may thus prove to be a diagnostic test of iron deficiency in palients
with inflamrnation.

CONCLUSION

The direct relationship Lo the aumber of crythroid precursors and the simple methodology
make sTIR assay the method of choice for evaluation of erythroid marrow activity in a clini-
cal sctting (iron kinelics in a test tube). The measurement of sTIR has wide clinical applica-
tions for quantitation of erythropoicsis in humans and can replace iron kinetics to the same
extent that measurement of serum ferritin has replaced bonc marrow aspiration for quantita-
tion of iron stores. Combined with the measurement of sEpo and reticulocytes count, all cva-
luated in relation te the degree of ancmia, they provide a lunctional classification of red ccli
disorders : defect in proliferation (hypoproliferative anemia), maturation (incffective erythro-
poicsis}, or red cell survival {peripheral hemolysis). They are a simple and non invasive
method for the diagnosis of blunted erythropoictin production or inadequate erythroid mar-
tow respoase to anemia. sTIR s particularly usclul for scrial studics and for monitoring
erylhropoiesis during rHuEpo weatment. sTIR is only a marker of erythropoicsis when iron
stores are prescent and can be readily mobilized. In addition, it is a marker of jron status when
lissue iron deficiency occurs.
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