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]Ihl1'F?()[)LJ(3“ri£()rd
The introduction of new instruments and new
measurements is a challenge to the practicing physician ~hen
some of the new measurements are novel 1in concept and,
superficially, in the first instance at least, do not aj rear

Lo possess clinical utility.

In addition, the replacement of admitted}y imper fect
but well respected tests by alternatives which again a.pear

to give no additional information, must provoke criticiasm,

A1though in the past thirty years, autcnated
Quantitatﬁon of the blood elements, as well as red cell
indices, hemoglobin concentration, and the Hematocrit has
supplemented routine microscopic examination of the olood

film,

It is only very recently that tentative attempts have
bean made to relate variation of platelet L otume
distribution to the pathologica1 factors. P11 telet
parameters derived from coulter counter S-plus seri.s as,
mean platelet voluma (MPVY) p1ateletcr1t {Pct) and pl.talet
diétribution width (PDW) are not in fact so new, 8a h ona
been the supject of considerable study OVer many Yye&rs and
may have been introduced to clinical use earli=zr 1if

satisfactory technology for performing the test existe l.
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AIM OF THE WORK: .
To evaluate platelet count and platelet parameters .se
platelet distribution width, plateletcrit and mean platel.t

volume on ground scientific bases in order to study their

clinical and functional utility.

S Sy
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THROMBOPOTESIS

Origin of Cells:

Flatelets originate trom the pluripotent hematpoiet ic
stem cell, that 1s capable ol differentiating into a vari Ly
of hematopoietic tineages. This pluripotent stem cell is
also capable of extensive self renewal (Visser ét al., 1384
and Spangrude et al., 1988). The origin of platelets f:om.
hematopoietic stem cell had been proved by in vivo and in
vitro studies. In vivo studies using the murine assay 'or
pluripotent stem cell (CFU-S8), have been shown to cont .in
megakaryocytes in addition to c¢ells belonging to ot er
nematopoietic lineages. Recently, a hnumber of groups h.ve
developed in vitro assays for a hematopoietic progeni-or
cell, the colony forming unit blast (CFU-B1), that fo-ms
colonies that are composed primarily of blast cells (Row.ay
et al., 1987 and Brandt et al., 1988). These blast ce 1s
have both an egtensive capacity for self renewal and 'hne
ability to differentiafe into a number of differunt
hematopoietic call types. While the relationship betwesen inhe
CFU~B1 and the pluripotent hematopoietic cell 1s not w: 1]
defined it appears that these cells may be closeiy relatad.
‘Such experiments whether in vitro or 1in vivo indicate Lhe

ultimate origins of megakaryocytes from a cell common to

other hematopcietic elements (Brandt, 1988).
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Megakaryocyle progenitor Celld:

Recently, a variety of semisolid assay systems Pave
pbeen used Lo detecl meyakar youylu pluuunihu} culla (Mo,
1987). These progenitor cells have the ability to fori in
vitro colonies composed exclusively ofl megakaryoc,tic
e]emepts. At prasent, at least three classes of
»megakaryocyte progenitor cellis have been identified: the
burst forming unit megakaryocyte (BFU-Mk), the -co?ony
forming'unﬂt megakaryocyte (CFU-Mk}, and the light dersity
megakaryocyte progenitor cell {(LD-CFU-MK) (Long et al., 1985
and Chatelain et al., 1988)~ The BFU-Mk and CFU-Mk have 2ach
been detected in human and rodent systems while the LD- CFU-
Mk has only recently been defined in the mouse (Chatela~n et

al,, 1988).

The BFU-Mk first described by Long et ai. (1985) i- the
most primitive progenitor celil committed to the
megakaryocyte l1ineag®. BFU-Mk derived colonies re uire
longer incubation times to appear 1in vitro (21 days for BFU-
Mk and 12 days for CFU-Mk). BFU-MK derived coloniez= are
composed of multiple clusters of megakartocytes and cuntain
larger numbers of megakaryocytes than the primarily un - focal

CFU-Mk derived colonies {(Briddell et al., 1988).
BFU-Mk and CFU-Mk have recently been shown to liffer

with regard to their sensitivity to pretreatment wi_h the

chemotherapeutic drug 5-fluorouracil (5-FU) (Bridde |1 et
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al., 1988). Tﬁe cloning efficiency of the CFU~Mk is mar edly
reduced by such prepreatment while the clening efficien .y of
the BFU-Mk s unaltered. The ability to survive at expoisure
to such Chemothqrapeutic agents has peen shown t: be
characteristic of primitive hematopoietic progenitor -ells

(Hoffman, 198%).

Recently, Chatelain et al. have describ. a
megakaryocyte progenitor with properties indicating thatuit
is more differentiated than CFU-Mk. These investigators have
termed this cell the light density megakaryocyte prog:nitor
or LD-CFU-MK. This nomenclature is based upen the separation
of megakaryocyte progenitor cells according to d:nsity
sedimentation. Over 99% of megakaryocyte progenitor ‘ce1ls
were reported to sediment above 1.05 g/ml, while & small
number of megakaryocyte progenitors sediment below. 1.05
g/ml; the so called LD~CFU-Mk. The constituent cells
composing éuch colonies were found to contain megakar: >cytes
of a higher ploidy class than megakaryocytes composii 9 CFU-
M dorivod oolonies (Chatelain et al., 1988). The LD “FU-MK
appears to reside at a stége of development close €. where
the megakaryocyte progenitor cell ceases to undergo . 1tosis

and acduires the capacity of endomitosis (Hoffman, 19 .3).
Some progress has been made in phenoctyping the sarious

megakaryocyte proganitor cell. Studies by a vari.ty of

groups have indicated that the CFU-Mk expresses the major
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histocompatibility type [1 locus (HLA-DR antigen)} {(Lony wl
al., 1985 and Ishibaghi et atl., 1386), the DRéq anti =n
which is known ta be present a wide variety of hu an
hematopoietic progenitor cell (Lu et al., 1988) and . he
expression of the platelet membrane glycoproteins {(Levent et
al., 1985). On the other hand, the BEU—Mk expresses only 1on
detectable guantities of the HLA-DR antigen (Bﬁdde11 et & .,

1988).

Transitional Immature Megakaryocyte;

small moncnuclear cells ﬁhat express platelet-spec 7ic
phenotypic markers, but ére not morphologically identifi:ole
as megakaryocytes, have been identified in both rodent ind
human bone marrow {Jackson, 1973 and Mazur et al., 19 1).
These cells have been thought to represent a transitiunai
stage of development in megakaryocytopoiesis, which bri. ges
the gap between the progenitor cells and morphologicully
identifiable mégakaryocytes (Long et al., 1982 and Young and
Weiss, 1987). These transitional cells are charactefize: by
their small size and round, indented nuclei, as well as the
presence,of acetylcholinesterasse activity in the mouse and
by expression of platelet membrane glycoproteins in aan.
They represent approximately 5% of marrow megakaryoc - tic
elements (Leng and Henry, 1979 and Rabellino et al., 1911},
These transitional cells are not able to form colonie: in
vitro, thereby distiguishing them from the LD-CFuU-Mk

(Rabellino et al., 1981 and Chatelain et al., 1988). In the

Central Library - Ain Shams University



prasence of appropriate growth factors, such transitic 1al
elements mature into morphologically jdentificole
magakaryocytes (Long et al., 1982 and Younhg and We 3s,

1987). Sixty-eight percent of these transitional cells rave
a ploidy of 8N, while 80% of the remaining cells hav2 a
ploidy of 6N, suggesting that they are actively underg ing

endomitosis {Hoffman, 1989).

The freguency: of such transitional cells in marrow can
be altered by variation in peripheral platelet numb.ors.
Creation of thrombocytosis by platelet transfusion in
rodents results in a 50% reduction in number of transiti.nal
cells, while ‘ thrombocytopenia 18 accompanied by the
appearance of greater numbers of such celis (Jackson, 13973;
Long and Henry, 1979; Lepore et al., 1984 and Stranev: et

al., 1986).

Such data suggest that important regulatory factors may
possibly exert their effect on megakaryocytopoiesis at this

level of development.

Promegakaryoblast:

It had been first isclated and cloned from the >sone
marrow of long-Evans rat Dby Cicoria and Hempling in (:379)
(Cicoria and Hempling, 1973 and 1980). This cell was hown
by Weinstein et al. (1981) to exhibit a Jlow degre. of

polypoidy while expressing such platelet specific marke: s as
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von Willebrand's factor, fibrinogen, acetylcholineste. ase

activity, and platelet factor 4.

Meqgakaryoblast:

It can be 1dent1fiéd hecause of the unt que
ultrastructural features not present in primitive mairow
erythroid or granulocytic precursors. The cytopla:mic
membrane of isolated megakaryoblasts forms charactéristic
blunt protrusions, and the cytopiasm contains sany
polyribosomes and clear vacuoles up to 0.25 um in diame‘ter.
The central atea of the cell contains mitochondria and
strips of rough endoplasmic reticulum. The nuc]eusroccuuies
much of tha qugme of the cell and has prominant ngc1t=li.
The Golgi Compléx, composed of characteristic vacucles,
lamellae, and vesicles, occupies the paranuclear area of the

cytoplasm.

High resolution immunchistochemistry confirms the
identity of these cells as megakaryocyle precursors. The
indirect antiplatelet antibody reaction, which lses
peroxidase or ferritin, labels the cell membrane of m:Lure
giant polyplcid cells that are unequiveccal megakaryoc: tes,
as well as immature precursors, but does not abel
erythroid, granulocytic or stromal cells (Willingham et al.,

1871).
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Intermediate Megakaryocyte:

In early part of the intermediate stage of development,
the megakaryocyte 1increases further 1in volume. The c¢211
membrane often shows the chgracteristic protrusions seen in
the megakaryob]gst. The perihhera] cytoplasm has a +t ich

complement of polyribosomes and some rough endoplas iic

reticulum (RER), which is required for the formation of

cytoplasmic granules. The nuclieus 1is now lobed but still

shows both minimal margination of chromatin around the
nuclear membrane and prominent nucleoli.

An elaborate network of membranes appear 1n the
cytoplasm and is early evidence of the demarcating memb ane
system (DMS), which is connected with the cell memb.ane

system (Behnke, 1968 and Shaklai and Tavassoli, 1978).

In the next stage of maturation, the late ‘intermed . ite
stage, the megakaryocyte has ail the structural compon.ats
of the mature cell, but not present in final arrangemeni or
quantity. Cell volume increases and a peripheral cell margin
is «~ often prasent, devoid of organelles othar 1han
poiyribosomes. The central zone of the cytoplasm cont: ns
abundant mitochondrial strips of RER, and characteri.cic
granules. The nucleus is multilobed and shows pronou ced
margination of the chromatin, with lucent pore areas . 2ar

the nuclear membrane (Colman et al., 1987).
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Mature Megakaryocyte:

It is the only polyploid hematopoietic <cell. The
maturation ofs megakaryocytes from their most imm ture
recognizable stage to mature, platelet producing cel. is

accompanied by considerable morphologic change and inc: aase

in size.

Levin in (1988) classified them 1into three stages
according to cytoplasmic characteristics, incre.:sing
segmentation or lobulation of the single nucleus, an: the

cell size. .

The maturation of the cytoplasm is associated wit  the
appearance of the demarcation membrane system (DMS), ..hich
is in continuity with the surface membrane (Tavas oli,
1880). There 1is a Jlittle evidence that this DMS demar "ates
the individual platetet areas (Tavassoli, 1980 and R idely

and Haller, 1982),

Immature megakaryocytes must reach 4N state t.: be
rececgnizablie by 1light microscope (Odell and Jackson, 1 68).
Importantly, 1t has been shown that megakaryocyte with
ploidy levels of 8N and higher are capable of maturatic and
producing platelets and conversely, each stage of matur :tion
contains more  than one ploidy class (O0dell and  Jac son,

1968 Odall et al., 1970 and Paulus, 1970).
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