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CHAPTER 3

Fetal and neonatal thrombopoietin
levels in alloimmune thrombocytopenia.

Porcelijn L, Polman CC, de Haas M, Kanhai HH, Murphy MP, von dem Borne
AE, Bussel JB. Fetal and neonatal thrombopoietin levels in alloimmune
thrombocytopenia. pediatr Res. 2002 Jul;52(1):105-8.
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Abbreviations

EDTA Ethylenediaminetetra-acetate

HDN Haemolytic disease of the newborn

HPA Human platelet antigens

ITP Idiopathic thrombocytopenic purpura
IVig Intravenous immunoglobulins

NAIT Neonatal alloimmune thrombocytopenia
Tpo Thrombopoietin

Summary

Thrombopoietin (Tpo) is the main hematopoietic growth factor for platelet
production. Plasma Tpo levels in autoimmune thrombocytopenic (ITP) patients
are normal or slightly elevated. Although thrombocytopenia exists, Tpo levels
are not increased because the produced megakaryocytes and platelets can bind
circulating Tpo, thereby normalizing Tpo levels. In this report plasma samples
from fetuses and neonates with neonatal alloimmune thrombocytopenia (NAIT),
a different form of immune thrombocytopenia, were measured. Umbilical cord
samples of 50 fetuses before treatment because of severe thrombocytopenia, 51
fetuses after treatment and peripheral blood samples of 21 untreated newborns
with NAIT were analyzed. As controls, plasma Tpo levels were determined in
21 umbilical cord samples of 14 non-thrombocytopenic fetuses with hemolytic
disease (HDN) due to red blood cell alloimmunization and in umbilical cord
samples of 51 healthy newborns. The values were also compared with the plasma
Tpo levels in 193 healthy adults.

Mean Tpo levels from the groups of fetuses and neonates including both NAIT
and control plasma were slightly but significantly elevated compared to levels in
healthy adults. Tpo levels in NAIT samples were not significantly different from
the levels in HDN samples or in samples from healthy newborns. Thus, like in ITP,
in NAIT patients normal Tpo levels are present.

Keywords: thrombopoietin, Neonatal alloimmune thrombocytopenia, NAIT
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Introduction

Thrombopoietinis the main haematopoietic growth factor for the megakaryocytic
lineage and therefore for platelet production. In adults Tpo is mainly produced by
the liver and kidney.1 The concentration of Tpo in blood has been found to largely
depend on the number of megakaryocytes in the bone marrow and platelets in
the peripheral blood. The plasma level of Tpo is regulated by binding of Tpo to its
receptor (mpl) expressed by platelets and megakaryocytes. 2-6 After binding, Tpo
is eventually destroyed together with the platelets. We and others have shown
the diagnostic value of measurement of plasma Tpo levels for discrimination
between thrombocytopenia caused by megakaryocyte and platelet production
failure (highly elevated Tpo levels) and thrombocytopenia caused by elevated
platelet destruction observed in autoimmune thrombocytopenia (normal or only
slightly elevated Tpo levels).7-11 In the latter disorder, megakaryocyte numbers
in the marrow are normal or increased as is platelet production. Because
sufficient numbers of platelets are produced, even though their destruction may
be rapid, Tpo levels are comparable to that in healthy individuals.

NAIT occursinabout 1in 1000 births and results from maternal alloimmunization
against platelet antigens present on fetal platelets but absent on maternal
platelets. Human Platelet Antigen 1a (HPA-1a) is the most frequently offending
antigen, accounting for approximately 85% of cases of severe thrombocytopenia.
Because of severe thrombocytopenia in utero, in up to 10% of cases
intracerebral haemorrhage occurs, often leading to severe neurological sequelae
or death.12-14 As in autoimmune thrombocytopenia, in NAIT, fetal platelets
are destroyed as a result of antibody binding. Furthermore, it is suggested
that reduced megakaryocyte platelet production, or even megakaryocyte
destruction, resulting from anti-HPA-1a antibody binding might also contribute
to the thrombocytopenia in NAIT patients.15-17 In the current study, Tpo levels
were measured in 129 fetal and neonatal NAIT plasma samples and 72 fetal and
neonatal control plasma samples. We found Tpo levels in fetuses and neonates
with NAIT to be not significantly different from the levels in fetal and neonatal
controls.

Materials and methods

Patients

The study was performed with approval of all the involved institutes and all
measurements were performed after informed consent.

Plasma Tpo levels were measured in samples from fetuses with NAIT (n=113),
full term newborns with NAIT (n=16) and in nonthrombocytopenic fetuses and
neonates, i.e. 21 first or subsequent umbilical cord samples of 14 fetuses with
HDN and 51 umbilical cord plasma samples of healthy, full term newborns (Table
1). The samples were collected in New York (Weill Medical College), Leiden
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(Leiden University Medical Center) and Oxford (John Radcliffe Hospital). Tpo
measurement was performed in the Central Laboratory of the Blood Transfusion
Service, Sanquin Diagnostics, Amsterdam. All NAIT cases included in this study
involved HPA-1a alloantibodies. Sixteen neonatal samples and 50 umbilical cord
samples of 50 fetuses were from NAIT patients who were not treated, Sixty-three
umbilical cord samples of 51 fetuses were from NAIT patients who received
treatment in utero via administration to their mothers; 40 of these 63 samples
were from 34 fetuses who were also included in the untreated group. Treatment
consisted of IVIg (1 gram/Kg/wk) with or without corticosteroids (prednisone
1 mg/Kg/day or dexamethason 1.5 mg/d) administered to the mother during
pregnancy and/or intra-uterine platelet transfusions administered to the fetus,
after umbilical cord sampling. Samples were drawn, at 24+3 (meantstd.) wk of
pregnancy for the untreated fetal group, 33+4 wk of pregnancy for the treated
fetal group 28+4 wk of pregnancy for the HDN group, at d 1-7 post partum for
the neonatal NAIT group and directly post partum for the neonatal control group.
If treatment was necessary and consisted of intrauterine platelet transfusions,
samples were drawn before transfusions were given (this was also true for the
patients included in the untreated fetal NAIT group). Fetal and neonatal blood
samples were aspirated in syringes with EDTA or heparin. Platelet counts were
performed with a coulter counter (Beckman Coulter, Inc, Fullerton, CA, U.S.A.).
Methods used for aspiration of samples and for intra-uterine platelet transfusions
were comparable in the different institutes and are described earlier.18,19 No
problems occurred that could be related to the bloodsampling.

Plasma Tpo levels of 193 healthy adults to use as controls were measured
previously in another study.20

Tpo ELISA

A solid phase sandwich ELISA for measurement of plasma Tpo concentrations
was performed as previously described.20 Normal Tpo levels, as determined in
a population of 193 healthy individuals, were 11+8 A.U./ml (range 4-32 A.U,,
2.5th- 97.5th percentile). One AU equals 9 pg of recombinant Tpo (Research
Diagnostics Inc. Flanders NJ USA)

Statistical analysis

Statistical analysis was performed in SPSS for Windows, release 6.1.3 (SPSS Inc.,
Chicago, IL, U.S.A.).

For comparison of groups the Kruskal Wallis ANOVA and the Mann-Whitney U/
Wilcoxon Rank Sum W Test was used. The correlation between two variables was
calculated with Spearman correlation coefficients.
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Results

The platelet count was 6828 x 109/L (mean * std) in the full term, untreated
newborn NAIT group, 37+ 34 x 109/L in the untreated fetal NAIT group,
76161 x 109/L in the treated fetal NAIT group and 190453 x 109/L in the
nonthrombocytopenic hemolytic disease group (Table 1). Platelet counts were
not determined in the healthy neonates but they had no signs or symptoms of
bleeding. Further study will be necessary to analyze the influence of treatment
on the fetal platelet numbers, but although the mean platelet numbers in the
treated fetal group is significant higher (p=0.003, Table 1) than in the untreated
group, the statistical analysis of platelet numbers in fetuses (n=40) included in
both the untreated and treated fetal NAIT groups did not show a significant
difference (p=0.06). Plasma Tpo levels were 21+13 A.U./ml (range 9-47) in the
neonatal NAIT samples (n=16), 26218 A.U./ml (range 4-89) in the untreated
fetal NAIT samples (n=50), 2617 A.U./ml (range 6-97) in the treated fetal NAIT
samples (n=63), 27124 (range 2-93) in the samples from healthy neonates (n=51)
and 1818 A.U./ml (range 5-34) in the fetal HDN samples(n=21).

Post hoc testing showed that plasma Tpo levels in the samples of the NAIT
neonates, the untreated and the treated NAIT fetuses were comparable with Tpo
levels in the samples of the non-thrombocytopenic HDN controls (p=0.09, 0.03
and 0.8, respectively) and the healthy neonates (p=0.8, 0.5 and 0.3, respectively)
(Fig. 1). The plasma Tpo levels in both the fetal HDN and the healthy newborn
controls were slightly, though significantly (p<0.001) higher than plasma Tpo
levels in healthy adults. The same held true when comparing the Tpo values of
the NAIT neonates and the treated and untreated NAIT fetuses with the Tpo levels
in healthy adults (p<0.001). No difference in Tpo plasma levels were detected
comparing plasma samples from fetuses with NAIT before and after treatment.
No statistically significant correlation was detected between platelet numbers
and Tpo levels, either in the total NAIT group (Fig. 2) or in the separate groups
or between Tpo levels and age at the time of blood sampling. Furthermore, the
anticoagulant used during blood collection or the institute at which blood was
drawn did not influence the test results (data not shown).
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(A.U./ml)

234+162
234+153
189+117
162172
243+216
9+7

std.)

+

2618
+17
21+13
18+8
2724
11+8

Plasma Tpo levels
26

(mean
(pg/ml)

190 £ 53

n.t.
150-450

Platelet count
37+34
76 £ 61

(x 10°/L)
(mean + std.)

age

24 +3
33+4
1-7 days p.p.
28+4
directly p.p.
38+11*

Gestational
(weeks)
(mean + std.)

of

50

51

16

14

51
193

patients

of | Number

Number
samples
50
63
16
21
51
193

untreated fetal NAIT
Treated fetal NAIT

full term newborns NAIT
Control fetuses (HDN)
Healthy full term newborns
Healthy adults

p.p.: post partum; n.t.: not tested; *age [yrs]

Table 1: Patient characteristics
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Figure 1. Box plots of Tpo levels in NAIT and
Controls. Box plots represent the interquartile
range that contains 50% of the values. The
whiskers are lines that extend ffom the box to the
highest and lowest values, excluding outliers.

A line across the box indicates the median. Tpo
values of all separate groups were elevated
compared with the adult Controls; p < 0.001.
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Figure 2. Platelet counts w plasma Tpo levels in
NAIT. Platelet counts and plasma Tpo levels are
not correlated. Tpo levels are comparable in the
different groups (p > 0.1), with or without the two
outliers. The two outliers cannot be explained by
differences in clinical data, treatment, or sampling
procedures. Perhaps Tpo release ffom platelets
occurred in vitro as a result of some unwanted
platelet clotting in the EDTA samples.



Discussion

Screening for NAIT is not routinely performed and treatment of the initial case in
a family mostly consists of post-natal treatment with intravenous gammaglobulin
(IVIg) and/or platelet (negative for the antigen involved) transfusions. In
subsequent pregnancies treatment of the mother with IVIg and corticosteroids
and of the fetus with intrauterine platelet transfusions are possible and often
employed. Trials are in progress to clarify the relative merits of each form
of treatment although increasingly avoidance of fetal sampling is desired if
feasible. We and others detected normal or only slightly elevated Tpo levels in
ITP patients.7-10 We now find that Tpo levels in NAIT fetuses are also normal
or only slightly elevated compared to levels in non-thrombocytopenic age-
matched controls. Thus, as in ITP, in alloimmune mediated thrombocytopenia
it appears that normal Tpo removal occurs resulting in normal levels being
maintained in the circulation. This indicates that there is predominantly normal
platelet production in fetuses and newborns with NAIT. It seems to contradict
the hypothesis that the anti-HPA-1a antibodies would bind to glycoprotein llb/
Illa on megakaryocytes and either inhibit thrombocytopoiesis or destroy them
outright.15-17 We, like others21,22, found slightly but significantly higher Tpo
levels in fetal/neonatal plasma compared to plasma from adults (Fig. 1). For
the slightly elevated Tpo levels in fetuses/neonates (also with normal platelet
counts) several explanations are possible - e.g. an increased production of Tpo
considering that in fetuses and neonates the spleen may also contribute to Tpo
production23; less expression of Tpo receptors on megakaryocytes in neonates,
as described by Kuwaki et al24, resulting in slower removal; or an increased
constitutive production of Tpo, inasmuch as the rate of growth of the fetus as
well as the neonate is remarkably high, and, therefore, there is a continuous
requirement for blood elements for neovasculature. Further study is necessary
to explain the higher Tpo levels in neonates compared to adult levels.

The down regulation of Tpo plasma levels by platelets appears to prevent an
increase in Tpo levels in all cases in which thrombocytopenia is due to increased
platelet destruction. Thus, the fact that, as in ITP patients, Tpo levels in NAIT
patients are not or only marginally increased may have important therapeutic
implications. Injection of Tpo, or Tpo-mimicking peptide, could likely be applied
to increase platelet production and platelet count. This approach has been
shown to be effective in chimpanzees with HIV-ITP25 and in a few patients.26
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