
INTRODUCTION

MORPHOLOGIC HEMATOLOGY

By OLIVER P. JONES, PH.D.

B ECAUSE this issue is concerned primarily with morphologic aspects of hema-

tology, a brief survey of past achievements in this field and an indication of

recent trends should accompany the varied and interesting articles which follow.

Ever since Ehrlich’ developed the triacid stain in i88o, clinical hematologists have

relied principally upon the study of dry smears to aid them in determining the ac-

tivity of hematopoietic organs as reflected in the peripheral blood picture as well

as in the organs themselves. Histologists have relied more on the use of tissue

sections to determine the origin of blood cells and especially their relation to

connective tissue. Most of the major contributions to morphologic hematology

were made between i88o and 192.4. During this period myeloblasts, immature

lymphocytes (lymphoblasts), pronormoblasts and promegaloblasts were recog-

nized and accurately described. Wright2 traced the origin of blood platelets from

the megakaryocyte. Downey and Weidenreich3 were the first to describe the heter-

oplastic origin of lymphocytes from the reticulum. Maximow4 and others demon-

strated that lymphocytes circulating in the peripheral blood do not represent cells

in the terminal stage of development and that under certain conditions they may

become transformed to other cell types. Knoll5 was the first to report a case of leu-

kemic reticulo-endotheliosis and describe cells more immature than the myeloblast

in peripheral blood. Downey and McKinlay#{176} published their classical paper on

leukocytoid lymphyocytes in infectious mononucleosis.

Pappenheim, Ferrata, Naegeli, and Downey have repeatedly described minute

differences in nuclear and cytoplasmic structure. Although these differences appear

small, they are nonetheless constant for the conditions under which they are found.

If this were not so, the dry smear method would not have withstood the acid test

of practical application. For example, hematologists have repeatedly shown that

the blood picture of infectious mononucleosis can be distinguished from that of

acute leukemia with immature lymphocytes (lymphoblasts) present in varying num-

bers.7 Leukemic reticulo-endothelioses have been separated from other leukemias

and two types of monocytic leukemia (Naegeli and Schilling) are now recognized.8

Blood and marrow pictures of anemias due to liver principle deficiency have been

separated from macrocytic anemias due to causes other than such a deficiency

through the recognition of a megaloblastic series of red cell development.9 How-

ever, in order to make such distinctions the observer must have a disciplined eye

and good preparations with which to work. The use of dry fixed smears is not

necessarily limited to the field of descriptive or morphologic hematology but, with

the proper selection of experimental material, may be utilized to gooU advantage

in determining cell potentialities. This has been well exemplified in the recent
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studies by Kolouch’#{176} on inflammation, Berman” on tissue cultures, and Dough-

erty’2 on the cytogenesis of microglia.

The development of new cytological, cytochemical, and optical technics has

enlarged the scope of morphologic hematology because blood is such an admirable

tissue to which to apply these technics. We have been passing gradually from a

purely descriptive to an interpretative hematology and are beginning to understand

the nature ofcertain cellular structures. Or, as DempseyandWislockil3 have pointed

out, ‘ ‘Histochemical observations correlated with functional stages may serve to

illuminate morphological problems. ‘ ‘ This does not mean that morphologic

hematology will become subordinated ; on the contrary, in some instances it will

even necessitate a greater refinement of our observational powers.

Basophilic cytoplasm is an attribute of several cell types. The nature of this

basophilia was suggested in the studies by Caspersson and Schultz,’4 who demon-

strated by means of ultraviolet absorption spectroscopy the presence of nucleic acids

in growing root tips. Since then, Brachet’5 and others have been able to abolish the

basophilia of lymphocytes, primitive and definitive erythroblasts, and myclo-

blasts, following digestion in ribonuclease, and thereby identify the basophilic

substance as ribonucleoprotein. On the other hand, Wislocki and Dempsey” have

shown that mast cell granules contain neither ribonucleoprotein nor a mucopoly-

saccharide. However, it is interesting to note that the presence of heparin in mast

cells, reported by Holmgren and Wilander,’7 has recently been confirmed by Paff

and his associates’8 through studies of mastocytomas. Knowledge that cytoplasmic

basophilia is due to ribonucleoprotein and that lymphocytes may shed off bits of

cytoplasm (originally observed by Downey and Weidenreich)” formed the basis for

Dougherty and White’s’9 investigations on the production of gamma globulin and

antibody formation from lymphocytes.

Practically all basophilic or lymphoid cells have pale or yellowish areas in their

cytoplasm. This is particularly true of primitive erythroblasts from the embryonic

rat yolk sac. In the past these have been referred to as hyaloplasm or paraplasm.

After studying these light areas by means of various technics, Jones2#{176}concluded that

they are negative images of underlying organoids-mitochondria for the most

part. Cytochemical methods revealed that these light areas (mitochondria) are

relatively rich in lipoid material and contain a carotenoid pigment, probably

vitamin A. One of the most interesting findings was that cell organoids are pre-

served quite well in freshly dried smears of embryonic blood. This naturally makes

such material particularly suitable for investigating the cytochemistry of a single

cell.

It has been known for some time that neutrophilic granules have a lipoidal na-

ture. Since Lison’t first reported the superiority of sudan black over all other similar

dyes for demonstrating total fat histochemically, several investigators have used

it for studying myeloid granulation. Sheehan,� Discombe,23 Baillif and Kimbrough,24

and Wislock,i and Dempsey” all agree that neutrophilic and eosinophilic granules are

sudanophilic. The latter are peculiar in that they have a sudanophilic cortex and

sudanophobic core. The combination of staining blood films with sudan black

followed by May-Grunwald-Giemsa described by Baillif and Kimbrough24 should
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be useful for many hematological studies on the origin and relation of cells under

pathological conditions. In our laboratory, Dr. Raymond Kibler’�’ has found that

Auer rods in acute leukemia are definitely sudanophilic, a property which dis-

tinguishes them from other forms of so-called azurophilic granulation including

Kurloff bodies. Lison2’ has pointed out that the lipoidal nature of myeloid granules

is an important factor in the observed localization of oxidase in the specific gran-

ules. Apparently the enzyme is located in the cytoplasm and the products of oxida-

tion dissolve in the granules secondarily because of their fatty nature.

In studying the nucleus, it must be realized that several nucleic acids may stain

with the usual basic dyes.’7 One of the methods long accepted as a standard for the

identification of chromatin has been Pappenheim’s methyl green pyronine. But,

according to the rigid qualifications for a histochemical reaction which have been

laid down by Lison and Baker,”8 this is a stain and not a reaction. It does not

aid in distinguishing the type of nucleic acid present. On the other hand,

the Feulgen reaction is specific for desoxyribonucleoprotein, which is present in

chromatin and chromosomes. The recent study by La Cour29 on mitotic nuclei in

marrow from patients with pernicious anemia contains much of interest for hema-

tologists in general. Observations of myelocytes during metaphase showed that

they were almost all Feulgen-negative while megaloblasts were intensely Feulgen-

positive. Since nucleic acids govern cell division, it would seem that the megal-

oblasts gain at the expense of the myelocytes and that both cell types compete for

a common supply of nucleic acid. Of particular interest is the suggestion-which

indeed warrants serious consideration-that the presence of a large neoplasm may

produce a nucleic acid starvation of cells in other tissues. Hence it may be possible

to detect malignancies by studying the nucleic acid starvation of myeloid cells and

their accompanying abnormal mitoses.

Morphologic hematology has grown and matured since I 88o, so that it may now

take its proper place in the field of cytology. Instead of being senile, it is more

alive than ever. In this respect, phase microscopy,3#{176} among other technics, has been

responsible for enlarging its scope. With this new optical technic it is possible to

study unstained living and dry fixed blood cells and to demonstrate structures

usually hidden in routine preparations. By means of bright and dark phase micros-

copy, it was possible for Jones3’ to study unstained dry smears of embryonic blood

and to localize filamentous mitochondria. When these same preparations were

subsequently stained with Wright’s stain, the negative images in the basophilic

cytoplasm corresponded to the underlying mitochondria. Cunningham and Tomp-

kins32 pointed out that the methods of Ehrlich and Romanowsky are not capable of

demonstrating certain specific data which the supravital technic reveals. This is

only partially true in the case of primitive erythroblasts, for we now know that a

fairly accurate estimate of the mitochondrial distribution may be obtained from

a study of good dry smears alone.
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