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ABSTRACT: Thrombocytopenia is frequent among sick neonates,
but little is known about its underlying mechanisms. It is known,
however, that neonatal megakaryocytes are smaller and of lower
ploidy than their adult counterparts and that smaller megakaryocytes
produce fewer platelets than larger, more polyploid, megakaryocytes.
We hypothesized that neonatal megakaryocytes would not increase
their size in response to thrombocytopenia, thus limiting the ability of
neonates to mount a response. To test this, we obtained marrow
specimens from thrombocytopenic and nonthrombocytopenic neo-
nates and adults. Megakaryocytes were immunohistochemically
stained, quantified using an eyepiece reticle, and measured using an
image analysis system with incorporated electronic micrometer. We
found that, after adjusting for differences in cellularity, neonates and
adults had similar megakaryocyte concentrations. When samples
from the same sources were compared (tibial clot and vertebral body
sections in neonates, iliac crest biopsies in adults), there were also no
differences in megakaryocyte concentration between thrombocytope-
nic and nonthrombocytopenic subjects. The megakaryocyte diameter,
however, was greater in adults than in neonates (19.4 = 3.0 versus
15.3 = 1.7 pm, p < 0.0001). Thrombocytopenic adults also had a
higher proportion of large megakaryocytes than nonthrombocytope-
nic adults (p < 0.001). This was not observed among thrombocyto-
penic neonates, suggesting a developmental limitation in their ability
to increase megakaryocyte size. (Pediatr Res 61: 479—-484, 2007)

hrombocytopenia is a common problem among sick neo-

nates, affecting 20% to 35% of neonates admitted to
neonatal intensive care units (NICUs) (1,2). In approximately
50% of cases, the thrombocytopenia is thought to be second-
ary to increased platelet consumption, mainly associated with
sepsis, necrotizing enterocolitis (NEC), or alloantibodies. In
the remainder of cases, the mechanism underlying the throm-
bocytopenia is frequently unclear, although a mounting body
of evidence suggests that decreased platelet production causes
or complicates many such cases (3-5).

In adults with thrombocytopenia due to increased platelet
consumption, the marrow attempts to compensate by increas-
ing megakaryocyte number, size, and ploidy (6-8). It is
unknown whether thrombocytopenic neonates can compen-
sate in a similar manner, particularly since megakaryocytes
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from normal fetuses and neonates are smaller and of lower
ploidy than megakaryocytes from adults (9—12). Indeed, the
number and size of megakaryocytes in thrombocytopenic
neonates have never been systematically evaluated, and it is
not known whether neonates are capable of increasing their
megakaryocyte size and number in response to platelet con-
sumption.

This study was designed to answer this question by quan-
tifying the megakaryocyte number and size in bone marrow
samples from thrombocytopenic and nonthrombocytopenic
neonates. Because small megakaryocytes with low DNA con-
tent cannot be reliably differentiated from other cell types
using hematoxylin and eosin—stained sections alone, we iden-
tified the megakaryocytes by applying immunohistochemistry,
and then measured their sizes using an image analysis system
with an incorporated electronic micrometer. We were then
able to calculate the megakaryocyte concentration and average
size in each sample, in a manner similar to that described in
previous studies in adults (6,7).

PATIENTS AND METHODS

Study samples. Bone marrow samples from neonates were obtained from
two sources. Marrow clot sections were obtained from the tibia of nonthrom-
bocytopenic (n = 9) and thrombocytopenic (n = 4) living neonates under-
going hematological evaluation, using a technique we described that yields
high-quality marrow clots in which the cellularity and morphology are
preserved (13). Additionally, vertebral body samples were obtained during
postmortem examinations of neonates who died in the NICU at the University
of Florida (n = 13). Nine of these neonates were thrombocytopenic (platelet
count <100,000/nL) and four were not thrombocytopenic (platelet count
>100,000/uL) at the time of death.

These marrow samples were classified into two groups: (1) thrombocyto-
penic neonates (four tibial clot sections and nine vertebral body samples) and
(2) nonthrombocytopenic neonates (nine tibial clot sections and four vertebral
body samples).

To compare the response to thrombocytopenia between neonates and
adults, we also assessed bone marrow samples from six nonthrombocytopenic
adults undergoing staging of nonhematological malignancies and from eight
adult patients with the clinical diagnosis of immune thrombocytopenic pur-
pura (ITP). All these samples were iliac crest core biopsies obtained for
clinical purposes. These studies were approved by the Institutional Review
Board at the University of Florida. Informed consent was obtained from the
parents of the neonates undergoing tibial aspirations. A waiver of informed
consent was granted to study the postmortem neonatal and the adult samples,
which were all existing at the start of the study and were appropriately
deidentified.

Abbreviations: GA, gestational age; ITP, immune thrombocytopenic pur-
pura; NEC, necrotizing enterocolitis; PCA, postconceptional age; Tpo,
thrombopoietin



480 SOLA-VISNER ET AL.

Immunohistochemistry. Immediately before immunohistochemical stain-
ing, the sections were deparaffinized and rehydrated. The slides were then
subjected to antigen retrieval in citrate buffer at 80°C for 2 h. This low-
temperature technique efficiently restored the immunoreactivity of the CD61
antigen while avoiding the disruption and loss of the fragile bone marrow
tissue encountered with the standard high-temperature antigen retrieval pro-
tocols. After a 20-min cooling period, the slides were stained on an automated
immunostainer (Ventana Nexus, Ventana Medical Systems, Tucson, AZ),
using the manufacturer’s paraffin protocol. A mouse anti-human CD61 mono-
clonal antibody (Dako, Denmark) at a concentration of 1:10 was used as the
primary antibody. This was followed by the Ventana proprietary mixture of
secondary antibodies, streptavidin—horseradish peroxidase, and finally diami-
nobenzadine as the color substrate. Slides were counterstained with the
Ventana’s hematoxylin.

CDG61-positive cells quantitation. Two of the authors (M.S.V. and L.R.)
independently counted the number of CD61" cells in each sample, in a
blinded fashion, using an eyepiece reticle (250 wm? per nine small squares at
400X; Klarman Rulings Inc., Litchfield, NH). Beginning at one end of the
section, areas of bone marrow (including fat) were centered in the field, and
the number of small squares occupied by marrow were counted, as were the
CD61™" cells contained in the squares. Megakaryocyte concentration, calcu-
lated as the average of the two independent counts, was then expressed as the
number of CD617 cells per 250 um? of bone marrow. Trabecular bone
spicules, blood vessels, hemodilute, and crushed areas were excluded from
counting (Fig. 1). A CD617" cell had to include at least a portion of nucleus
to be counted (cytoplasmic fragments were excluded). The percentage of fat
was then estimated in each sample by one of the authors (LR), a hemato-
pathologist, according to standard practice. To account for differences in fat
content between the samples (particularly between neonates and adults), the
megakaryocyte concentration was then adjusted for the percentage of cellu-
larity in each sample and expressed as adjusted megakaryocyte concentration.
This was carried out using the following formula:

Adjusted megakaryocyte concentration

Measured megakaryocyte concentration X 100

Percent cellularity

Megakaryocyte size determination. The diameter of each megakaryocyte
in the samples was measured using an automated cellular imaging system that
combined color-based imaging with automated microscopy to detect and
classify cells of interest (Chromavision, ACIS, San Juan Capistrano, CA).

Figure 1. Photomicrograph of a bone marrow clot section from a represen-
tative nonthrombocytopenic neonate following immunohistochemical stain-
ing with an anti-CD61 antibody. The area of intact bone marrow is in the
center of the photomicrograph, and megakaryocytes are identified by their
brown cytoplasmic stain. This area of bone marrow is surrounded by a blood
clot with only sparse bone marrow elements, which are not considered for the
purpose of megakaryocyte quantitation. The marrow cellularity is <100%.

This system located and captured the images of all CD61" events in each
slide, and then presented them to the user for review. After confirming that the
images captured were indeed cells and contained a nucleus, the diameter of
each CD617" cell was measured with an electronic micrometer and individ-
ually recorded.

Statistical methods. Kruskal-Wallis tests were used to compare
megakaryocyte concentration, adjusted concentration, and megakaryocyte
size between the groups. If the overall p value was found to be significant (p
< 0.05), then Bonferroni’s multiple pairwise comparisons were carried out to
further examine which specific groups differed from each other. The overall
tests were two sided and tested at level alpha = 0.05. Dot plots were used to
graphically compare the four groups for each measure.

Lin’s concordance correlation coefficient (14) was used to measure the
degree of agreement between the megakaryocyte counts performed indepen-
dently by the two readers. This coefficient ranges from —1 to 1, with a value of 1
corresponding to perfect agreement, and O corresponding to no agreement.

Individual megakaryocyte diameters were analyzed using a mixed-model
analysis of variance with a fixed effect for group and a random effect for
subject. The empirical distribution functions for the megakaryocyte diameters
for the four groups were graphically generated to examine distributional
differences. The y axis represents the megakaryocyte quantiles (the 0.5
quantile is the median), and the x axis the megakaryocyte diameters. All
statistical tests were performed using SAS software version 9.

RESULTS

Study subjects. The demographics and main diagnoses of
these infants are displayed in Table 1. As seen, thrombocyto-
penic and nonthrombocytopenic neonates were similar in
terms of gestational age (GA), birth weight, and postconcep-
tional age [(PCA) = gestational age + weeks of life] at the
time of bone marrow examination or death. There were also
no statistically significant differences in these characteristics
between the dead and the alive infants.

Megakaryocyte concentration. When the nonadjusted
megakaryocyte concentration (expressed as megakaryocytes/
250 p,rn2 of marrow surface area) was evaluated, adults in
general (thrombocytopenic and/or nonthrombocytopenic) had
significantly fewer megakaryocytes than neonates in either
group (p = 0.05; Fig. 2A). However, we observed no signif-
icant differences in megakaryocyte concentration between
thrombocytopenic and nonthrombocytopenic neonates (6.0 *
4.7 versus 6.8 = 2.6, respectively) or between thrombocyto-
penic and nonthrombocytopenic adults (2.4 = 0.3 versus 2.4
* 0.4, respectively). The agreement between the two inde-
pendent measures of megakaryocyte counts, estimated using
Lin’s concordance correlation coefficient, was 0.93, indicating
almost perfect agreement between the two sets of counts.

Cellularity and adjusted megakaryocyte concentration. To
determine whether the observed differences between adults
and neonates were at least partially explained by age-related
differences in marrow cellularity, we estimated the cellularity
in each sample. All vertebral body samples were 100% cel-
lular. In contrast, seven of the 13 neonatal tibial clot sections
had a cellularity <100%. As a group, the tibial marrow
samples had a mean cellularity of 85% (range, 50%—100%).
All adult iliac crest biopsy samples exhibited cellularity levels
=60%, with a mean of 40% (20%—-60%).

After these observations, we adjusted the megakaryocyte
concentration in each sample for its cellularity and called this
new measure the adjusted megakaryocyte concentration,
which constitutes an estimate of megakaryocyte concentration
per 250 um? of hematopoietic tissue. Interestingly, we found
that the adjusted megakaryocyte concentration was similar in
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Table 1. Characteristics of the four groups of neonates

Source of
Clinical group sample n GA (wk) BW (g) PCA (wk) Reasons for BM study or causes of death
Thrombocytopenic 13 314%=59 15321240 416=84
Tibial 4 345+53 1928 =928 44.5 = 12.1  Congenital HIV (1), liver failure (2), idiopathic (1)
Vertebral 9 300=*x59 1357 =£1368 403 £6.6 Sepsis (4), CDH/ECMO (1), severe IUGR (2), congenital heart
defect (1), multiple congenital anomalies (1)
Nonthrombocytopenic 13 31.5*42 1592 =829 379 4.1
Tibial 9 304 +35 1352 =*540 38.3+2.6 Idiopathic neutropenia (4), alloimmune neutropenia (2),
autoimmune neutropenia (3)
Vertebral 4 338*+54 2133 +1190 37.0=*6.8 Sepsis (1), gastroschisis (1), congenital heart defect (2)

Results are expressed as mean = 1 SD.

BW, birth weight; BM, bone marrow; CDH/ECMO, congenital diaphragmatic hernia/extracorporeal membrane oxygenation; IUGR, intrauterine growth

restriction.

nonthrombocytopenic adults and nonthrombocytopenic neo-
nates (7.8 = 2.2 and 8.4 * 3.1 megakaryocytes, respectively;
Fig. 2B). When the two groups of adults were compared, we
also found no difference in adjusted megakaryocyte concen-
tration between the thrombocytopenic and the nonthrombocy-
topenic group (6.4 = 2.3 versus 7.8 = 2.2, respectively). In
contrast, the thrombocytopenic neonates had a significantly
lower adjusted megakaryocyte concentration than their non-
thrombocytopenic counterparts (6.0 * 4.7 versus 8.4 = 3.1,
respectively; p = 0.04).

Although not statistically significant, the adjusted
megakaryocyte concentration tended to be lower in the verte-
bral bodies than in the tibial biopsy samples (i.e. 4.4 = 3.0
versus 9.6 * 6.1 for the thrombocytopenic neonates, and
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Figure 2. (A) Megakaryocyte concentration (per 250 pwm?” of bone marrow)
in bone marrow samples from nonthrombocytopenic neonates (NTN), throm-
bocytopenic neonates (TN), nonthrombocytopenic adults (NTA), and throm-
bocytopenic adults (TA). Megakaryocytes were quantified in intact areas of
bone marrow, without adjusting for differences in fat content (cellularity).
Overall, the adults had significantly lower megakaryocyte concentrations than
the neonates. Among the two neonatal groups, vertebral body samples (filled
circles) tended to have lower megakaryocyte concentrations than tibial sam-
ples (open circles). (B) Adjusted megakaryocyte concentration (per 250 wm?
of hematopoietic tissue), after correcting for differences in cellularity, in
nonthrombocytopenic neonates, thrombocytopenic neonates, nonthrombocy-
topenic adults, and thrombocytopenic adults. Because the cellularity was
lowest in the adult bone marrow biopsy specimens, this adjustment signifi-
cantly increased the megakaryocyte concentrations in the adult samples,
which were then comparable to the neonatal samples. There was also signif-
icant variability within the groups, particularly among thrombocytopenic
neonates, likely reflecting the different etiologies of the thrombocytopenia and
variability related to sample site.

6.0 = 1.1 versus 9.4 = 3.2 for the nonthrombocytopenic
neonates, respectively (Fig. 2B). Because the thrombocytope-
nic group had comparatively more vertebral body samples (9
of 13) than the nonthrombocytopenic group (4 of 13), we
hypothesized that the observed differences in adjusted
megakaryocyte concentration could be due to differences in
the composition of the two groups. To test this, we performed
separate analyses for the vertebral body sections (thrombocy-
topenic versus nonthrombocytopenic) and for the tibial clot
sections (thrombocytopenic versus nonthrombocytopenic).
These analyses revealed no differences in adjusted megakaryo-
cyte concentration between thrombocytopenic and nonthrombo-
cytopenic neonates when the same source of tissue was used.

Megakaryocyte size. Megakaryocytes from adults (throm-
bocytopenic and nonthrombocytopenic) were significantly
larger than those of thrombocytopenic or nonthrombocytope-
nic neonates (p < 0.0001). However, there were no significant
differences in mean megakaryocyte diameter between throm-
bocytopenic and nonthrombocytopenic neonates (14.5 = 1.5
versus 15.3 = 1.7 um, respectively) or between thrombocy-
topenic and nonthrombocytopenic adults (19.5 = 2.7 versus
19.4 = 3.0 wm, respectively). Unlike with the adjusted
megakaryocyte concentration, the megakaryocyte diameters
were also very similar in vertebral bodies and tibial bone
marrow samples.

To investigate whether changes in the megakaryocyte size
distribution (such as increases in the proportion of large
megakaryocytes in the samples) could exist without translat-
ing into changes in the mean diameter, we plotted the diameter
of each individual megakaryocyte (total of 5761), classified
their relative frequencies according to group, and compared
the four groups using an analysis of variance mixed model
(Fig. 3). This analysis confirmed that both thrombocytopenic
and nonthrombocytopenic neonates had significantly smaller
megakaryocytes than both adult groups (p < 0.001) and
showed no differences in the distribution of megakaryocyte
sizes between thrombocytopenic and nonthrombocytopenic
neonates. The thrombocytopenic adults, in contrast, had sig-
nificantly higher proportions of large megakaryocytes than
their nonthrombocytopenic counterparts (p < 0.001), as evi-
denced by a shift in their cumulative distribution curve toward
larger megakaryocytes (Fig. 3). There was no significant
correlation between megakaryocyte number and size in any of
the four groups studied.
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Figure 3. Cumulative distribution plots of megakaryocyte diameters in the
bone marrow of thrombocytopenic neonates (filled circles), nonthrombocy-
topenic neonates (open circles), thrombocytopenic adults (filled diamonds),
and nonthrombocytopenic adults (open diamonds). The megakaryocyte diam-
eters are displayed on the x axis and their cumulative distribution on the y
axis. Both adult curves are shifted to the right compared with the neonatal
curves, indicating the predominance of larger megakaryocytes in these sam-
ples. Furthermore, the curve for the thrombocytopenic adults is also shifted to
the right compared with that for the nonthrombocytopenic adults, indicating
a higher percentage of large megakaryocytes.

DISCUSSION

Despite the frequency of thrombocytopenia among ill neo-
nates admitted to Neonatal Intensive Care Units, basic ques-
tions regarding the underlying mechanisms have remained
unanswered. Indeed, little is known about megakaryopoiesis
in neonates, partly due to the difficulties in obtaining adequate
bone marrow samples from neonates, the rarity of megakaryo-
cytes in the bone marrow (which makes an assessment of their
concentration in bone marrow aspirates difficult), and the
inability to accurately differentiate small megakaryocytes
from cells of other lineages. As a result of these limitations, it
is not surprising that studies reporting megakaryocyte concen-
trations in thrombocytopenic neonates have rendered conflict-
ing results (1,5,15).

In an attempt to overcome these obstacles, we used our
published technique for obtaining marrow clot sections in
neonates, which contain bone marrow spicules with preserved
marrow architecture (13). This method produces extremely
small but high-quality specimens and requires no more time or
apparent patient discomfort than a traditional marrow aspirate
smear preparation. We also obtained vertebral bone marrow
sections during postmortem studies in neonates who died with
and without thrombocytopenia and applied immunohisto-
chemistry combined with image analysis to obtain an objec-
tive measure of megakaryocyte concentration and size in
thrombocytopenic and nonthrombocytopenic neonates com-
pared with adults. It has been previously demonstrated that the
use of immunohistochemistry improves the detection of
megakaryocytes in bone marrow sections (16), a factor that is
particularly important when dealing with neonatal samples, in

which megakaryocytes are known to be smaller and of lower
ploidy and are less conspicuous in routine histologic samples.

Only one previous study evaluated the bone marrow com-
position of healthy infants at multiple time points (0—18 mo)
(17). These investigators obtained bone marrow aspirate
smears from neonates and reported that megakaryocytes con-
stituted 0.06 = 0.15% of nucleated cells in those samples.
This percentage remained essentially unchanged over the 18
months of the study and is comparable to (or lower than) that
usually reported in adult bone marrow aspirates (<1%) (18).
Our findings using standard clinical counting procedures with-
out adjustment for adipose cell content (cellularity), contra-
dicted the reports by Rosse et al. (17) by showing significantly
more megakaryocytes in neonatal marrow tissue or clot sec-
tions than in adult bone marrow core biopsy specimens. Three
methodological differences between our study and Rosse et al.
study probably account for this apparent contradiction: First,
we used immunohistochemistry to highlight the megakaryo-
cytes and therefore were less likely to miss the smallest and
most immature megakaryocytes (which are more common in
neonatal bone marrows). Second, we quantified megakaryo-
cytes in intact marrow spicules or in vertebral body sections,
thus minimizing the effects of hemodilution. Third, our mea-
surement represented the megakaryocyte concentration per
total marrow surface area, and it is known that cellularity
decreases with advancing age (18,19). Indeed, after adjusting
for differences in cellularity, we found that nonthrombocyto-
penic neonates and adults had similar megakaryocyte concen-
trations per area of hematopoietic tissue. This measure is
comparable to expressing megakaryocyte concentration as a
percentage of nucleated cells (as would be counted on aspirate
smears) and is consistent with the report from Rosse ef al.
(17). We chose to quantify megakaryocytes per hematopoietic
area, as opposed to per nucleated cells, because this allowed
us to evaluate the entire sample in each case. However, the
issue of peripheral blood hemodilution was avoided by only
evaluating areas of intact bone marrow.

It has been common belief that, in the absence of hypore-
generative disorders, neonates have marrows that are 100%
cellular, although a recent study challenged that notion (20).
Our finding that the cellularity was invariably 100% in verte-
bral bodies, but was lower in several tibial clot sections,
highlights the fact that neonatal marrows can have lower
cellularities and that some of the reported differences can be
related to sampling site.

After correcting for these differences, the concentration of
megakaryocytes per area of hematopoietic tissue was signifi-
cantly lower in thrombocytopenic neonates than in nonthrom-
bocytopenic neonates as a group. When only tibial bone
marrow samples obtained from living neonates were analyzed,
however, the adjusted megakaryocyte concentration was very
similar in thrombocytopenic and nonthrombocytopenic neo-
nates. This suggests that most of the differences seen were
among postmortem samples taken from the vertebral bodies of
autopsied patients and could therefore have been related to
terminal illness leading to suppressed megakaryocytopoiesis.
Alternatively, these differences could be explained by the
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presence of a lower megakaryocyte concentration in the ver-
tebral bodies than in the tibia for unknown reasons.

Our finding of a low megakaryocyte size in neonates,
compared to adults, is consistent with a large body of literature
documenting the smaller size and ploidy of fetal (9,10,21) and
cord blood—derived megakaryocytes (11,12). However, this is
the first study to directly and objectively measure megakaryo-
cytes in the bone marrow of living neonates. In this regard, it
is important to keep in mind that routine tissue processing and
paraffin embedding result in significant cell shrinkage (22,23),
and therefore our values do not represent true cell diameters.
Nevertheless, because all samples were processed and ana-
lyzed in similar fashion, our measurements do allow for
comparisons between groups. Of interest, we noticed that
neonatal megakaryocytes frequently exhibited separation of
the nuclear lobes, a finding rare in adult bone marrow and
often associated with myelodysplasia. The reason for this
difference in nuclear lobation between neonatal and adult
megakaryocytes is unknown.

In thrombocytopenic adults, as well as in animal models of
adult thrombocytopenia, the megakaryocyte volume increases
up to threefold in response to platelet consumption (6,7). This
increase in size is usually accompanied by an increase in
ploidy (8,24), and it has been recently shown that larger and
more polyploid megakaryocytes produce more platelets than
do smaller megakaryocytes of lower ploidy (25). In circum-
stances in which platelets are being rapidly consumed, this
increase in megakaryocyte size significantly contributes to
expanding the thrombopoietic potential of the marrow. The
fact that none of our thrombocytopenic neonates increased the
mean megakaryocyte size or the relative proportion of large
megakaryocytes (as opposed to thrombocytopenic adults, who
significantly increased the proportion of large megakaryocytes
in their marrow) suggests that neonates have a limitation in
their ability to increase megakaryocyte size and ploidy to
compensate for thrombocytopenia.

Typically, adults with ITP have been reported to have
increased megakaryocyte number and size in their bone mar-
rows (7,26). However, these features are not present in all
cases. Patients with chronic ITP, in particular, often do not
have increased megakaryocyte concentrations (27,28) and
exhibit decreased concentrations of megakaryocyte colony-
forming units (CFU-MK) in megakaryocyte progenitor assays
(29). Many of these patients have been shown to have anti-
platelet antibodies that also react with megakaryocytes in the
bone marrow and can inhibit their proliferation (30). Consis-
tent with these reports, we did not observe an increase in
average bone marrow megakaryocyte concentration in our
series of ITP patients. Our results are not surprising given the
fact that this was an unselected series of ITP patients without
reference to clinical scenario. Because bone marrow biopsies
are not routinely performed in cases of clear-cut ITP (31),
selection bias may have favored obtaining bone marrow bi-
opsies in patients with atypical or chronic courses, explaining
the lack of increased megakaryocyte concentration in our
small series. Despite these limitations, our data conclusively
showed that the proportion of large megakaryocytes signifi-

cantly increases in the marrow of adults with thrombocytope-
nia, whereas neonates do not exhibit this response.

In conclusion, our observations suggest that neonatal
megakaryocytes remain small during thrombocytopenia due to
different underlying disease processes, a finding that could
potentially limit the ability of neonates to increase platelet
production in response to increased platelet consumption.
However, several potential pitfalls are noted. First, it is pos-
sible that our “control” group of nonthrombocytopenic living
neonates, many of which were neutropenic at the time of bone
marrow examination, also had increased megakaryocytopoi-
esis as a consequence of increased concentration of cytokines
with effects on both neutrophil precursors and megakaryocytes
(i.e. granulocyte/macrophage colony—stimulating factor). In
this regard, the lack of bone marrow samples from healthy
living neonates is a limitation unavoidable in any neonatal
human study because ethical considerations absolutely pre-
clude obtaining marrow samples from healthy neonates. Sec-
ond, it is unclear whether the differences observed between
neonates and adults in regard to megakaryocyte size truly
represent a developmental limitation in the ability of neonates
to increase megakaryocytopoiesis or rather reflect differences
in the underlying clinical conditions affecting neonates and
adults. In support of the first hypothesis, we recently observed
that fetal mice rendered thrombocytopenic through exposure
to an antiplatelet antibody (MWReg30, Becton Dickinson)
also did not increase their megakaryocyte size and number,
whereas adult mice exposed to the same antibody doubled
their megakaryocyte mass in the bone marrow and the spleen
(Hu Z et al., Megakaryocyte mass does not increase in re-
sponse to fetal immune thrombocytopenia. Pediatric Aca-
demic Societies’ Annual Meeting, April 29-May 2, 2006, San
Francisco, CA). These observations in an animal model were
consistent with our human observations, thus suggesting that
the findings of the present study reflect a true developmental
difference between neonates and adults in the ability to re-
spond to thrombocytopenia. The specific mechanisms respon-
sible for this limitation remain to be elucidated, but might be
related to our recent observation that neonatal and adult
human megakaryocytes have substantial biologic differences
in their responses to thrombopoietin (Tpo): although Tpo
potently stimulates the maturation of adult megakaryocytes, it
inhibits this process in neonatal megakaryocytes. This was
demonstrated in our recent work showing that neonatal
CD34™ cells cultured in a serum-free system are exquisitely
sensitive to Tpo proliferative signals and generate large num-
bers of megakaryocytes that do not become hyperdiploid,
whereas adult CD34™ cells show less proliferation but achieve
significantly higher ploidy levels (32). In concordance with
these observations, our current study strongly suggests that
adult megakaryocytes respond to thrombocytopenia by in-
creasing cell size, whereas neonatal megakaryocytes do not.
Furthermore, the few thrombocytopenic neonates in our study
who exhibited an increase in megakaryocytopoiesis did so
based on increased megakaryocyte number, not size, as would
be expected in response to increased Tpo concentrations. The
reasons underlying the lack of megakaryocyte proliferation in
many of the thrombocytopenic neonates are unknown, but
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likely relate to the presence of undetermined soluble or con-
tact factors in the complex bone marrow hematopoietic mi-
croenvironment. Future work will be aimed at better defining
the complex in vivo interaction of stimulatory and inhibitory
factors that regulate megakaryocytopoiesis during neonatal
thrombocytopenia.
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