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MONOCYTES 4.

Generally, monocytes have an irregular or kidney-shaped nucleus, however,
the nucleus may be.regular. A fold in the nucleus almost always means a mono-
cyte- The chromatin in the nucleus of monocytes is fine and lacy. It is finer
than in a myelocyte. The cytoplasm is dull gray-blue. Most, but not all,
monocytes contain many fine indefinite azurophilic granules which cover the
entire cell and give it a purplish cast, just as if someone had taken a pepper
shaker and peppered the cell with these tiny granules.

Stimulated monocytes or histiocytes contain a nucleus 1ike a mature mono-
cyte but have abundant cytoplasm which is vacuolated.

Promonocytes may have a regular or irregular nucleus, but the nucleus has
a tendency to being more regular than the maturer cell. The cytoplasm is more
pasophilic and is a clearer blue in color than the mature monocyte. As in pro-
myelocytes, the basophilia usually comes to the nucleus. There are fewer azuro-
philic granules than in mature cells and if the stain is heavy the granules may
look 1ike neutrophilic ones. This is the most difficult of all cells to identify
in the blood or in the bone marrow.

Monoblasts are 1ike myeloblasts and are extremely difficult to differenti-
ate from the latter. Monoblasts have a rim of basophilic cytoplasm and a 1ight
area around the nucleus. The nucleus has fine, smooth, homogenous chromatin
which is broken by nucleoli. Monoblasts usually have two to four light, round
nucleoli.

Auer bodies are red rods Tike tubercle bacilli which appear most often in
monocytes but can also be seen in myelocytes. Al1 patients with monocytic
leukemia do not have Auer bodies appearing in their monocytes. Auer bodies are
diagnostic of leukemia.

In differentiating blast cells one must go by the company they keep. If
myelocytes are present then generally the blast cells are myeloblasts, and if
mature monocytes are present the blasts are most 1ikely to be monoblasts.

LYMPHOCYTES

Lymphocytes have round regular nuclei with heavy condensed chromatin. How-
ever, the chromatin of a lymphocyte shows more variation from cell to cell than
do the nuclei of any other cell type. The chromatin may be open or it may be
pyknotic. Usually the nucleus appears smooth and the chromatin dispersed in
Clumps. The outline of the nucleus may be indented slightly or it may be even
Kidney-shaped and irregular especially in infectious mononucleosis cells. The
Cytoplasm of a normal lymphocyte is usually skimpy and is a moderate pure blue
to a sky blue. Usually the basophilia is concentrated on the rim leaving a
light perinuclear zone. Lymphocytes normally contain a few azurophilic granules
whigh are larger than those in monocytes. Normal mature lymphocytes may contain
Nucleoli.

Promyelocytes are more basophilic than mature ones. They are usually larger
and are sometimes confused with plasma cells as the nucleus may be eccentric.
The chromatin is less dense than in the mature cell. The cytoplasm sometimes
looks somewhat rough and grainy.

Lymphoblasts are like myeloblasts and monoblasts in that the chromatin is
hOmogeneous and smooth. However, the chromatin is usually a little heavier than
In the other two blast forms. Lymphoblasts contain one to two light nucleoli.
Like the myeloblasts and monoblasts, lymphoblasts have a deep rim of cytoplasm
and a Tight perinuclear clear zone.
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LYMPHOCYTES (continued)

The typical infectious mononucleosis cell is a large cell with abundant

cytoplasm. The nucleus may be indented, irregular in outline or elongated.

The chromatin is not as dense as that of a normal lymphocyte. Nucleoli may be
present. The cytoplasm is sky blue with a darker basophilic rim especially
where it touches red cells. The cytoplasm tends to go in and around red cells;
monocy tes and normal lymphocytes also have a tendency to do this but the ten-
dency 1is much more preonounced in infectious mononucleosis cells as the cyto-
plasm is much more abundant. The cytoplasm is also vacuolated or foamy, not
large vacuoles like those seen in plasma cells but tiny so that the cytoplasm
looks somewhat like soapsuds.

Acute lymphocytic leukemia cells (malignant lymphocytes or leukosarcoma
cells) characteristically vary in size and have quite scanty cytoplasm. There
js poor differentiation of cytoplasm and nucleus. There are usually small
mature lymphocytes and large young-looking blast cells in the same film. Often
there is only a thin rim of cytoplasm which can hardly be distinguished from
the nucleus. Frequently the cells are vacuolated. The vacuoles are not foamy
like those seen in infectious mononucleosis, but the vacuoles appear as big
holes in the cytoplasm and nucleus. This is the type of cell most often found
in acute leukemia in children.

NUCLEATED ERYTHROCYTES

Normoblasts (orthochromatic normoblasts) are small cells with a round
regular pyknotic nucleus. Normoblasts usually are acidophilic but may be baso-
philic. If a normal amount of hemoglobin is present normoblasts are easy to
identify because they look 1ike normal red cells except for a nucleus. If
normoblasts are basophilic they may be confused with lymphocytes, but in lympho-
cytes the nucleus appears smoother and the chromatin clumped in a different
manner. The nucleus of a normoblast reminds one of a peach seed -- hard and
ridged. However, hemoglobin may be identified in even basophilic normoblasts
because of the characteristic muddy blue color resulting from the mixture of
basophilia and hemoglobin.

Late erythroblasts (polychromatic normoblasts) are generally a larger cell
than the normoblast with a less pyknotic nucleus. The chromatin is in heavy
strands and nucleoli are not present. The cytoplasm is muddy blue because it
1S a mixture of basophilia and hemoglobin. Often in bone marrow films late
erythroblasts and normoblasts have ragged edges of cytoplasm.

Early erythroblasts (basophilic normoblasts are distinguished by deeply
basophilic cytoplasm. These cells are easy to identify because of intense
blue cytoplasm and because the nucleus stains lighter than the cytoplasm.
Usually there is beginning hemoglobin formation around the nucleus. This is
usually seen as muddy blue around the nucleus. The chromatin is in fine strands
like a net but shows some clumping. Two to six nucleoli are present and those
are irregular in shape and stain darker than the remainder of the nucleus. Often
early erythroblasts and megaloblasts have a salmon-colored spot in the cytoplasm
which should not be confused with hemoglobin. This spot is specific for these
two cells.

Megaloblasts (pronormoblasts) are the same as early erythroblasts except
the chromatin is perfectly homogeneous without any clumping. However, the
Chromatin is still heavier than that of myeloblasts and monoblasts and the cyto-
Plasm is much more basophilic.

Size of cells of the erythrocytic series is of much more importance in
determining the age of the cells than it is in any other cell series.
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RENAL TRANSPLANTS

Kountz et al. described in detail electron microscopical changes in
transplanted kidneys.(5) They came to the conclusion that the destruc-
tion of homotransplants is an ischaemic process brought about by damage
of small blood vessels by lymphoid cells followed by blockage of the in-
tertubular spaces by a variety of lymphoid cells, red cells and endothe-
1ial cells. They observed between 24 and 72 hours after transplantation
that immature plasma cells entered into close juxtaposition with the en-
dothelial cells of small intertubular vessels,and at scattered points
there was dissolution of the adjacent cell membranes with establishment
of cytoplasmic continuity between the cells. The endothellal cells then
separated and extravasation of red cells was followed by both intra-
'and extra-vascular accumulations of plasma cells and lymphocytes, At the
same time as the vascular damage occurred, there was progressive decrease
in renal blood flow to the point of oliguria; tubular necrosis commence-
ed and was followed by destruction of larger blood vessels and hemorrhage.
Porter et al. studied the cellular response of dogs to kidney homo-
transplantation, using tritiated thymidine and tritiated adenosine la-
belling, with combined autoradiography and electron microscopy. Forty-
eight hours after transplantation, host cells could be seen marginating
the peritubular capillaries. In the lymphoid tissues of the host, by 3
days many of the cells were in mitosis and there was an accumulation of
pyroninophilic cells around the post-capillary venules of the 1ymph nodes
and the splenic arterioles. Seventy-two hours after transplantation the
peritubular capillaries in the kidney were beginning to disintegrate, re-
leasing red cells and lymphoid cells into the renal interstitium; this
was accompanied by damage to adjacent tubules. Lymphocytes drained from
the thoracic duct on the day of transplantation were labelled and very
few were found to enter the kidney. However, labelled cells were found
when the same experiment was repeated 4 days after transplantation. Al-
so, the labelling of splenic lymphoid cells by intra-arterial injection
of tritiated thymidine resulted in some labelled cells being found in the
kidney when the label was introduced after transplantation, but none if
the label was introduced into the spleen before renal transplantation,
Most of the infiltrating cells in the kidney had a pyronin-positive cy-
toplasm resembling the cells found proliferating in the lymph nodes and




spleen. There are three morphological types of cell: small lymphocytes,

large monocytié cells with free ribosomes, and a small number of mature
plasma cells with organized ribosomes on a wavy endoplasmic reticulum.
I+ was postulated that, following antigenic stimulationm by a kidney
transplant, certain lymphoid cells qirculating in the blood enter the
1ymphoid tissues and transform into proliferating large pyroninophilic
cells. The progeny of these cells later leave the lymphoid tissue and,
sirculating blood, enter the transplant where they lodge in the peri-
tublar capillaries and by damaging the walls of these vessels bring a-
bout the ischaemic destruction of the proximal tubules and functlonal
arrest of the transplant. Breach of the capillary walls permits entry
of large lymphocytes and monocytes into the graft. The possibility
that, following their liberation, the cells mount a local immunological
attack on the renal tubular cells could not be excluded.

Willlams states (2)

that recent studies have suggested that kidney
transplants may release an inappropriate amount of erythropoietin, pre-
sumably in response to intrarenal vascular obstruction by inflammatory
cells. The appearance of nucleated red cells and reticulocyted in cir-
culating blood and an increase in erythropoietin titer have been recog-
nized as useful signs of impending rejection of the transplant., 1In a

few patients, this excessive release of erythropoietin has led to se-

vere polycythemia necessitating repeated phlebotomies.
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MYELOPEROXIDASE DEFICIENCY

Normal neutrophils contain the lysosomal enzyme myeloperoxidase
in amounts that may approximate 5% of their dry weight. TFirst detect-
ed in pus over a century ago, myeloperoxidase has since been purifi-
ed and extensively studied; however, its metabolic functions are in-
completely defined. The enzyme may protect neutrophils from negative
effects of hydrogen peroxide, may participate in the oxidative cata-
bolism of uric acid, and may inactivate certain bacterial toxins. Al-
so by participating in the oxidation of reduced triphosphopyridine nu-
cleotide, it has been suggested as a regulator of the hexose monophos-
phate shunt stimulation that follows particle ingestlon by neutrophils.
Finally, substantial evidence suggests that myeloperoxidase partici-
pates in the antibacterial activities of the neutrophils. Myelopero-
}idases is located exclusively in the primary granules of the granulo-
cytes,

Only about a dozen cases of this phenomenon have been reported. Of
the investigators reporting, there seems to be a consensus, based on
the available data, that although myeloperoxidase may be the major de-
terminant of candidacidal activity in the human neutrophil the ability
of some patients to escape significant bacterial infections for some
periods of time indicates the presence of alternative bactericidal me-
(3) Leherer, and
Cline reports(j) that their patient's neutrophils failed to kill the
strain of C. albicans recovered from his lesions, as well as other Can-

chanisms effective in the absence of myeloperoxidase,

dida species, but the myeloperoxidase deficient cells killed S. aureus
5024 and Serratia marcescens. Although this was achieved at subnormal
rates, killing of the ingested bacteria eventually approached completion.
They suggest that myeloperoxidase may serve an ancillary role in intra-
Cellular bactericidal events in the human neutrophil,

The morphological, biochemical, and functional studies of the pub-
lished investigators seem to confirm the genetic nature of the defect

(&)

autosomal recessive inheritance of the defect., Some patients who exhi-

and clarify its mode of transmission. Genetic studies indicated an

bited the homozygous characteristic of the enzyme deficiency appeared
to be healthy. 2’
Tthese patients but fungicidal activity of their leukocytes was normal.

Partial defects were present in the relatives of
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cells, but it is felt that
part of the neut population
is in the LUC area. There
is an increase of intensely
staining perox + cells since
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MPX deficiency anomaly. The
morph diff does not explain
the increase in the highly

This

staining perox + area.
is also verified by manual

/- /
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The increase in LUC's & nor-
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of peroxidase positive gran-

ules. This was confirmed by

the manual peroxidase stain. |
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EOSINOPHILIA

:osiHOPhilia may accompany a great variety of disorders., Prediléction
fmreosinophilic response is pronounced for most parasitic, allergic,
and dermatologic disorders. The presence of eosinophilia is character-
sstic of a broad.group of disorders which are considered part of a hy-
Pereosinophilic syndrome. Eosinophilia regularly accompanies a few

other disorders such as eosinophilic gastroenteritis, Hodgkin's dis-

ease, hyperleukocytosis with eosinophilia in children, and familial
eosinophilia. 2 In the remainder of the disorders in which eosinophi-
1ia is observed, it is rather erratic in its appearance, but the ex-

tent to which it may occur frequently is quite marked. The extent of

the eosinophilia in patients with parasitic infestation is extremely va-
riable, but it seems well related to the presence of active infection.
The eosginophil count increases following reinfestation with the same pa-
rasite, recrudescence after incomplete treatment, or reactivation of la-
tent larvae. The extent of the eosinophilia in parasitic infections de-
pends upon the nature of the organism, resistance of the host, and ex-
tent and location of infection. The eosinophilia generally is mild and
will continue as long as there is exposure to the organism or itsactive
products, Tropical eosinophilia is characterized by a rather profound
eosinophilic leukocytosis in patients with wheezing and fleeting pulmo-
nary infiltrates. For many years the etiology of this disorder was ob-
scure, but recently certain zoonotic filarids have been isolated which
are thought to produce the disease.

Most chronic allergic disorders such as asthma, allergic rhinitis,
Chronic urticaria, and angioneurotic edema are characterized by mild,
Persistent eosinophilia despite rather profound tissue involvement. Mo-
derate to marked eosinophilia is experienced with drug reactions, and a
sreat variety of destructive dermalogic lesions. Tumors undergoing cen-
tral necroslis, metastasizing to serosal surfaces, or located on epithe-
lial surfaces are likely to be associated with moderate eosinophilia., A
fiSOPQer known as allergic granulomatosils is characterized by weight loss,
~&Ver, amnemia, eosinophilia, and death.

Differentiation of the disorders in the hypereosinophilic syndrome

i



srom eosinophilic leukemia is most difficult. The fe?t§res of 43 pa-
i - = 2
ed,

tients with eosinophilic leukemia have been review The character-
jstic symptoms were those of progressive heart failure, respiratory dis-
+ress, central nervous system manifestations, and fever. MNost patients
had hepatosplenomegaly and marked eosinophilia with leukocytosis, and a
marked shift to the left in the eosinophilic series. Many of the patients
had normoblastemia. Therapy was uniformly unsuccessful, and most of the
patients died within the year of the onset. Eosinophilic leukemia is

most closely related to Loeffler's endocarditis, but some patients with
polyarteritis nodosé have very similar signs and symptoms. The common
denominator of all these illnesses appears to be some type of vascular re-
action assoclated with eosinophilia which suggests it is of an allergic
nature., Severe eoSinophilia, splenomegaly, and lymphadenopathy in sev-
eral members of the same family have been described as familial eosino-

(2)

visceral larva migrans is the cause of this disorder with several memb-

philia. The symptoms have been mild. There is recent evidence that

ers of the family being infected from a common environmental source.
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LEUKEFOID REACTIONS

Leukemold reactions refer to abnormalities of the white cells that
simulate leukemia. The number of cases that fall into this category de-
crease with the experience of the observer, but even the most experienc-

ed hematologist has at one time or another made an erroneous diagnosis

e

of leukemla., So lonZz as there is doubt as to the correct diagnosis, the

term leukemia should not be mentioned to the patient or to ths relative.

The peripheral blood picture may show a gross increzase in either the lvm-

o

hocytic, monocytic, or myeloid series of cells, possibly with immature

't.i

the particular series and even nucleated red cells present. The
proliferation occurs in a regulated

mlus,

In general, the term, "leukemold reaction” is used to desc
elevation of the total white blood count, with or without the presence
of immature cells. Racterial infections such as sepsis and subacute bac-
terial endocarditis, hemolysis, adrenal hyverplasia and corticosteroid
drugs, which stimulate granulocytic resvonses must be differentiated
from CGL and AGL. The term "leukocytosis" should more properly be used
to describe these non-leukemic reactions with high total white counts
nd no immature forms.

Not infrequently, lymphocytic hyperplasia or a "lymphocytosis" is
Stimulated by various viral infections, (especially the enanthems in
hildren), tuberculosis, thyrotoxicosis, serum sickness or drugs such as
thyroid extract and diphenylhydantoin. In most of these instances, the
¢linical condition is apparent., In addition, the bons marrow usually shows

a . . :
granulocytic response in conirast to the peripheral lym mphocytosis,

A monocytosis may rarely simulate leukemia in tuberculosis, proto-
20 & i s ..o L. . )
al, rickettsial and rarely, Listerella infections in humans. A mono-
CVtaast o - . _ W
Ytosis is not infreguently evidence of relapse in Hodgkin's disease.
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N In individuals with agranulocytosis, the presence of infection or other

gr@,nulocyte stimulating factors may cause a monocytic response.
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