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Diagnosis of leukemia and aplastic anemia by
the bone marrow culture®

Kiyoshi Hiraki, Tadashi Ofuji, and Yoshiyuki Hattori

Abstract

1) As the boundary of the outgrowth zone of the bone marrow culture is sharply defined
from the surrounding area and the cellular density becomes very high in leukemia, diagnosis can
be made with ease and certainty. 2) The differential diagnosis between aleukemic leukemia and
aplastic anemia becomes easy by application of the tissue culture method. 3) The vital observation
of blood cells were used in classification of leukemia by cellular systems, and it was discovered
that there were a lot of patients with monocytic leukemia and relatively many with acute lymphatic
leukemia. 4) Because the cellular growth in the bone marrow culture of aplastic anemia declines
extremely and abundant fat cells are observed, the diagnosis of this disease is easily made by
employment of this method.
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By the application of bone marrow tissue culture me-
thods we were able to diagnose the patients with anemia such
as leukemia or hypoplastic anemia, without any confusing, in
comparison with previous methods. Since there was the close
relation between the classification of leukemias and the morpho-
logy of blood cells, we were, also, able to decide the reversion
of leukemie cells and to assume a new phase of the classification
of leukemias due to the observation of living blood cells.

Methods : refer to previous articles
Observations ;

A. Leukemia

Since about more than 100 years ago, when Virchow™ (1845)
distinguished leukemia, several great hematologists (Neumann®,
Ehrlich”, Pappenheim™, Naegeli™ and others) have reported it.
But many questions still remain unanswered.

As stated above, tissue culture of the bone marrow was
performed in these cases and we were able to disclose various
hitherto unknown facts. We believe that, on the basis of our
findings, a new solution has been obtained to leukemia.

1. Growth in the bone marrow culture for leukemia

The leukemic bone marrow has such peculiar aspects in
cultivation, that diagnosis of leukemia is easily possible through
observations ranging from a few hours to 24 hours. Classifica-
tion of lecukemia can be clearly made from the kinds of imma-
ture and mature leucocytes. During our two-year study, we
have distinguished a total of 41 cases of leukemia, since January
1954, mainly through our method, and many matters, hitherto
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unsolved, have been settled. The systematic differential diag-
nosis of leukemia by various ordinary methods such as post-
mortal staining, oxydase reaction and supravital staining ete.,
was proved to be unsatisfactory. In the leukemic bone mar-
row, an excess outgrowth of leucocytes occurs, many of
which are the immobile and immature type. Also the function
of mature cells declines and their wandering velocity falls, thus
enabling us to diagnose leukemia easily at a glance, due to the
fact that density in the growth zone becomes comparatively
high and a distinct edge of them is recognized under even a
weak magnification (fig. 1 and 2) (fig. 3 and 4).

Central Area
T ,_"'
c.

\\ Intermediate Area
\Peripberal Area

Fig. 1. Normal Bone Marrow Outgrowth

Growth
Zone

Well defined
Fig. 2. Leukemic Bone Marrow Qutgrowth
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Fig. 3. Normal bone marrow outgrowth.

Fig. 4. Leukemic bone marrow outgrowth,

This is a common and important characteristic finding in
tissue culture of the bone marrow of all leukemias, whether
leukemic or aleukemic disease, and never observed in other
diseases except in leukemia, for example, leukemoid disease,
hypoplastic anemia, ete. .

2. Myelogenous leukemia (neutrophilic leukemia).

In the outgrowth zone, at first, the mature neutrophils

appeared, but one hour later abundant immature neutrophils
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began to appear and about 3 hours later cell density increased.
Thus the margin of growth zone became sharply bordered and
possessed characteristics of leukemia. This was observed to be
similar in acute or chronic and leukemic or aleukemic states
but tissue growth was worse in the acute state, while in the,
chronic state it rather resembled the normal.

In the immature leukocytes, the movement, phagocytosis
and staining were similar to those of above mentioned normal
immature cells; the myeloblasts and promyelocytes moved by
pseudopodium. The phagoeytosis was not seen in the myelo-
blasts and promyelocytes, but sometimes was seen slightly in
the myelocytes and markedly in the later state than in the
metamyeloeytes. Rich™ and others observed a movement like
maggots in the myeloblasts by cultivation of the peripheral blood
and the bone marrow. But we found no distinct movement in
immature cells except monoeytic series (basophilic immature cells
moved weakly). It was characteristic that there were abundant
megakaryocytes especially in the chronic myelogenous leukemia.
Many of them were immature. Their nuclei were indistinetly
lobulated and sometimes they seemed quite round while the
granules in the cytoplasma were fine. The appearance of many
immature megakaryocytes in this disease was also observed by
Takigawa™ in his study with Giemsa staining.

It is emphasized recently that acute leukemia has been
increasing more rapidly than the chronie. Of the ten cases ob-
served by this method, we have diagnosed 4 chronic and 6 acute
cases of myelogenous leukemia.

As in the past, diagnosis of the chronic myelogenous leu-
kemia can be made without difficulty, but many difficulties and
troubles have been encountered in the diagnosis of acute leuke-
mia, especially Naegeli's®’ paramyeloblastic and monocytic leu-
kemia. These problems are, however, instantly cleared by
tissue culture method of the bone marrow. This will be explain-
ed, in detail, in the chapter on monoeytic leukemia. Amano dis-
proved Watanabe's™ idea to consider myeloblasts with negative
oxydase reaction as paramyeloblasts. Most of the cases of acute
myelogenous leukemia, often reported as paramyeloblastic leu-
kemia after Moeschlin and Rohr (according to a lately acquired
publication by Heilmeyer'”), are found, as asserted by Amano”,
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to be a different and separate kind of monocytic leukemia,
consequently proving that Naegeli’s™ theory was in fault. Of
course, we do not go so far as to say that, all of Naegeli's para-
myeloblastic leukemia is separated from myelogenous leukemia
and an independent monocytic leukemia. We have experienced
a case of acute myelogenous leukemia regarded to be the para-
myeloblastic and it was certainly diagnosed to be the acute
myelogenous leukemia by the tissue culture. There was also an
interesting case of typical chronic myelogenous leukemia, which
changed its nature by appendectomy, altered to the acute form
and died. In this case we found, turning to acute state, many
immature cells, which were called paramyeloblasts. In other
words, most of the monoeytoid cells with indentation or segmen-
tation of the nucleus which are called paramyeloblasts are true
monocytic series, but some of them can be neutrophilic cells.
3. Hypereosinophilia

Since we have not yet experienced any cases of eosinophilic
leukemia, findings of tissue culture of the bone marrow from an
interesting case of hypereosinophilia are described, in accor-
dance with our recent experiences.

The eosinophilic leukemia was first described by Stillman®®
in 1912. Since then it has been reported by many authors as a
rarely acute and mostly chronic fatal disease with swelling of
spleen, lymphnodes and liver. In our country as reported by
Ichimura' in 1950, Kageyama' and others in 1951, Asanaga®
in 1953, Okazaki*’ in 1954, Yuki* in 1954, Hasegawa' in 1955
etc., the number of these cases are increasing gradually. But
of a number of these cases which were discovered, a con-
siderable amount were regarded to be leukemoid reaction or
hypereosinophilia. Without autopsy, the differential diagnosis
of eosinophilic leukemoid reaction, or simple hypereosinophilia,
from true eosinophilic leukemia is very difficult. XExcept our
method of tissue culture, no other clinical method exists which
defines whether or not the bone marrow is leukemia. Our case
was a 20 years old male with ankylostomiasis, who had a
littte enlargement of the liver but no enlargement of the spleen
or lymphnodes. He was pointed out as leucocytosis. During
one year following the appendectomy, the count of leucocytes
was 30,000—70.000 and the eosinophils ocecupied 50—90% of it
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(all of them were mature eosinophils) and showed no returning
to normal hemogram inspite of the therapy for ankylosto-
miasis. By application of the tissue culture of the bone marrow,
we were able to clarify the faet, that this was not a leukemia
case. The tissue outgrowth was identical with that of the
normal human bone marrow; with the lapse of time, the im-
mature cell zone did not show such high density as in leukemia,
although the wandering zone was filled almost by eosinophils

Fig. 5-a. Grouping eosinophils in hypereosinophilia.

e

il

i

Fig. 5-b. FEosinophil. Hypereosinophilia. Phase contrast. 1500X.
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(fig. 5, a, b), but eosinophilic myeloyctes were hardly to be seen
which apperaed very rarcly in the neighbourhood of the original
tissue. The cell density in the outgrowth zone was within the
normal, its margin was diffused and never sharply bordered.
Thus we could differentiate it from leukemia at first glance.

The number of the mature eosinophils was over one-half of
all wandering cells and showed active movement in the state of
accelerated function. Even after 12 hours of culture, we could
observe the pathological formation of pseudopodia and cauda
still in the declining stadium of motility. Furthermore, the
size of the granules was irregular and frequently lacking uni-
formity. In the degeneration state extracellularly scattered
granules showed molecular movement at places, and they ap-
peared to be a little larger than those of the normal. On the
other hand, we found no phagocytosis of the carbon particles
in these cells. And the function (wandering and phagocytosis)
of the neutrophils existing in less number was quite normal and
showed no hypofunction as seen in leukemia.

In this case, we found eosinophiloblasts in the staining of
the bone marrow, described by Undritz*® of about 1%. Undritz
has described that cytoplasma was very much basophilic and
similar to that of proerythroblasts or basophilic megaloerythro-
blasts, and that their nuclei had 2—4 nuecleoli, one of which was
often very large and covered with such abundant chromatin
that it presented violet appearance.

4. Basophilic leukemia

As it is already known, in the progress of the chronic
myelogenous leukemia, the basophilic cells often increase, more
or less. The case, in which they increase to a remarkable
degree and white blood ecells are occupied mainly by these cells,
is reported as chronic basophilic leukemia (mast cell lenkemia)
by Lazarus® (1906). However, it seems more appropriate to
call it a chroniec myelogenous leukemia with hyperbasophilic
reaction. In acute basophilic leukemia reported by Groat'’’ and
others (1936), there were only few immature basophilic cells.
But our case was a ten-year old boy with pure acute basophilic
leukemia, with 200,000—400,000 leukocytes, 80—85% of baso-
philoblasts and about 10% of mature basophils. Such case was
never seen in the medical literature.

Produced by The Berkeley Electronic Press, 1956



Acta Medica Okayama, Vol. 10 [1956], Iss. 3, Art. 3

Diagnosis of Leukemia and Aplastic Anemia 137

The bone marrow from this patient displayed peculiar out-
growth in cultivation. It was interesting that the basophilo-
blasts showed a weak movement similar to that of monoblasts,
and we considered that they were to be separated from the al-
most nonactive neutrophiloblasts. Of course, we found many
mature basophils migrating out and in peculiar movement like
the monocytes at a glance. The coverslip culture of the leuco-
cytes of the peripheral blood was also performed and it showed
a similar result. The leukocytes in the peripheral blood of the
patient were cultured with Warburg’s apparatus, by shaking,
and we were able to clarify the following facts; the basophilie
myeloblasts and mature basophils inereased in direct proportion
to the increase of the leukocytes, while, on the other hand, the
basophiloblasts decreased. Moreover, the neutrophils, eosino-
phils, lymphocytes and monocytes remained constant. Also
with these results we were able to understand more clearly the
indiffernce of basophiloblasts or basophilic series.

The basophiloblasts in the smeared specimens of the bone
marrow and peripheral blood were relatively small cells with
average diameter of 12.6 sz, smaller than other immature baso-
phils (average diameter 14.3 #) and larger than mature baso-
phils (average diameter 11.1 ). The eytoplasma appeared rela-
tively narrow and showed a rather heavier basic colour than
that of myeloblasts (neutrophiloblasts), and was more heavily
stained at the peripheral part of cytoplasma. Characteristi-
cally almost all of them stretched out wart- or tongue-shaped
irregular forms and clearly displayed their motility. The nueclei
were formed round or indented, the chromatin net works were .
rather coarse and appeared like fine granules. A great number
of the nucleoli were indistinet and did not form distinctive rings.
Through our study of the basophils we found them to be slightly
different from the so-called myeloblasts (neutrophiloblasts);
they resembled more to the lymphoblasts designated by
Undritz® than those of Twao™.

5. Monocytic leukemia

The monocytic leukemia was reported in 1913 by Reshad
and V. Schilling®” as “ Ubergangsformenleukidmie ” (Splenoey-
tenleukdmie) and in 1916, Fleischmann'® gave its first name of
“Monoeytenleukdmie”. Since then, many contradieting opi-
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nions concerning the diagnosis of this disease (reverting of
cells, and especially, the relation with Naegeli’s™ “‘ Paramyelo-
blasten”, hence its independency) have been debated.

The main and common opinions concerning the position of
this monocytic leukemia are classified schematically as follows:
(the schema abridged)

a) The monocytic leukemia originated in the reticuloendo-
thelial system (Schilling and others).

b) It is merely a type of myelogenous leukemia (Naegelr
and others).

¢) It is an independent leukemia existing together with
myelogenous and lymphatic leukemia (Amano and others).

d) Compromising theory between a) (Schilling-type) and
b) (Naegeli-type).

By applying the tissue culture of the bone marrow, we have
been able to easily clarify some of the problems hitherto in
dispute in diagnosis of monocytic lenkemia. We subseribed to
Amano’s” opinion; the majority of cases that had been reported
as paramyeloblastic leukemia belonged to the monocytic leuke-
mia and we could clarify that incidence of this disease was far
more frequent than had been hitherto considered. In the tissue
culture of the bone marrow, the cell density of the outgrowth
zone was very high and its boundary was distinet in weak mag-
nification.

But as the monocytic series, even in their immature type,
had a large motility, its bundary appeared a little more nebulous
than that of the other kinds of leukemia.

The group of monoblasts and promonoeytes near the original
tissue were different from other immature cells, striking each
other and characteristically trembling actively. All of the
peculiar appearances, form of the movement, phagocytosis of
the carbon particles and character in vital staining of the
migrated mature monocytes were identical with those of normal
subjects described in other article (fig. 6, a, b).

In this time, we have experienced 41 cases leukemias in the
past 2 years and 5 months. About half of them, 21 cases, were
monocytiec leukemia, and after acute or subacute course, they
terminated fatally within 1 year except one of 1 year and 3
months.
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d

Fig. 6-b. Monocyte. Monocytic lenkemia. Phase contrast. 1500 .

Supplement

Azurophilic myelogenous leukemia
Leukemia, in which the cytoplsama of the myelocytes was
filled chiefly by azurcoloured small granules after Giemsa stain,
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was designated by Sato™ especially as azurophile myelogenous
leukemia. He himself regarded it as a kind of myelogenous
leukemia, but also he described that some scholars regarded it
as a kind of monocytic leukemia. We also experienced such a
case, applied the bone marrow culture and recognized that it
belongs to the monocytic leukemia. In this disease the out-
growth zone showed natural leukemic outgrowth. At first
glance, almost all of the cells which appeared were filled by
small granules, similar to those of myelogenous series. But the
shape of their nuclei and specific movements ete. demonstrated,
that they belonged to the monocytic series.

6. Lymphatic leukemia.

The lymphatie leukemia has long been one of the two cate-
gories of leukemia. Oxydase reaction by Winkler™™ (1907),
Schultz™ (1909) has been used widely in clinical hematology and
the lymphatic leukemia, accordingly, has become to be regarded
as a fairly rare disease. In majority of cases that have been
reported, lymphatic leukemia belongs to acute myelogenous
leukemia, and the occurrence of acute leukemia in adults is
rather widely doubted (Naegeli®™, Katsunuma®”, Watanabe™ and
others). Through employment of tissue cultures of the bone
marrow and peripheral blood, in the past two years we have
experienced 5 cases of acute lymphatic leukemia (15, 28, 18, 5
and 20 years old) and, having been able to establish its certain
existence, we consider that it might be not rare.

In the bone marrow culture in this disease we found the
same character as those in other acute leukemia; the appearance,
movement and vital staining of wandering mature lymphocytes,

were the same as those in normal, but no phagocytosis was
observed.

7. Chloroleukemia (chloroma)

Chloroma (chloromatic leukemia, chloroleukemia) presents
a leukemic hemogram and makes a green tumor on the skull
especially in the orbit, occurs frequently in adolescences and
takes an acute or subacute course. But there are a few of them
that demonstrate only diffuse green leukemic infiltration and no
tumor. According to Lehndorff’s®™ statisties it is seen in one-

fifth, and in Watanabe’s™ 106 cases in our country in less than
10 cases.
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This disease was first described by Burns® (1823), designat-
ed as chloroma by King® (1853) and classified into leukemia by
Waldstein'® (1883), Dock™ (1893) and others. TUntil recently,
its pathogenesis has been the object of numerous contradicting
discussions ; in old days it was consideved to be a lymphatie
nature, but Sternberg™ (1905) reported some myelogenous ones.
Since Burgess” (1912) and Askanazy® (1916), majority of these
cases has been regarded to be myelogenous. This opinion seems
to be generally accepted in Japan as well. Many scholars regard
the chloroma as a partial phenomenon of leukemia. On the other
hand, however, (according to Amano and others) it must be
considered separated from general leukemia. Thus many ques-
tions about its relation to the monocytic leukemia have not yet
been settled.

Amano” has confirmed, that the pigment of chloroma de-
pends upon existence of porphyrin at abnormal composing of
eytochrome in Nadi's reaction. According to him, both myelo-
genous and monocytic cells are theoretically capable of producing
chloroma pigments, while in more than 20 cases reported by
him, all cells were of monocytic nature, they should be called
chloromonocytoma, and interpreted equally as plasmocytic leu-
kemia in the broad sense of leukemia.

He has stated also, “in all cases, so far as we experienced,
it might be concluded that there was no chloroma independent
of the growth of the monocytes. As we have not predicted such
limitations, we hope further investigation should be continued.”

We have recently experienced 2 cases of acute myelogenous
chloroleukemia lacking tumor formation; a case of 30 years old
female diagnosed by autopsy and of 18 years old male diagnosed
in his lifetime by the green section of an excised lymphnode.

The bone marrow tissue culture showed a typical lenkemie
outgrowth in both cases and in the observation of each leucocyte,
the outgrowth zone was occupied almost by neutrophilic cells.
In their vital staining we found no neutral red rosette and the
phagoeytosis of the carbon particles was also different from that
of monocytes. In other words, the outgrowth of the tissue and
the findings of each cell showed no difference from the usual
acute myelogenous leukemia. It was identical in case of the
leucocytes in the peripheral blood.
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Concerning the genesis of this disease, there were hitherto
various theories. The fact that the majority of chloroleukemia
shows a systematic tumor formation with predilection site, and
is accompanied by leukemic cells, supports the general view
regarding the genesis of leukemia as a tumor of haematopoietic
organs. It seems appropriate, therefore, to place this disease
in the category of leukemia. Our views were further confirmed,
since in both of 2 cases, experienced by us, pathological leuco-
cytes showed no difference in the postmortal stained specimen
and in the observation of movement in the culture of neutro-
philic cells from usual myelogenous leukemia. Of course we are
not able to come to definite conclusions from only 2 cases as
mentioned here. It may be assumed that chloroleukemia with
tumor formation belongs to the monocytic system, while those
lacking tumor formation are composed of myelogenous cells.
We hope to find a definite conclusion after further research
through the vital observation of blood corpuscles in many cases.
8. Classification of leukemia by cellular system.

Leukemia can be classified by various views like other
diseases, but the classification by kinds of leucocytes dominating
in blood may be more appropriate. As Hamaguchi'® has de-
seribed, it is impossible to make a list of leukemie classification
which will not be subject to contradiction, even though such
classifications have been attempted by many scholars. This is
because it has an indivisible relation with hitherto disputable
hematogenealogy. In classifying leukemia by cellular systems,
the following points are the subject to argument:

1) Existence of lymphatic leukemia, especially its acute
type.

2) Independence or relation of monoeytic leukemia to
paramyeloblastic leukemia (N aegeli)™ .

3) Participation of reticuloendothelial system in leukemia.

4) Position of chloroleukemia and plasmoeytic leukemia.

5) Existence or role of stem cell leukemia.

6) Differential diagnosis of various stem cell in leukemia,
especially in acute type.

Naegeli””’ named the common stem cells of granulocytes and
monocytes as myeloblasts, and stressed the positive oxydase
and peroxydase reaction. This Naegeli's™ theory has elicited
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great sensation in haematologists of his day, and has been ac-
cepted as the golden rule. However, Twao'® who investigated
chronic myelogenous leukemia and other diseases accompanying
specific increase of each granuloblastic cells, named the neutro-
philoganies as neutrophiloleukoey toblasts, the eosinophiloganies
as basophiloleukocytoblasts and advocated excessive polygenesis.
Similarly, Kato™ (in his new monogenesis) deseribed the neu-
trophilie, basophilic and eosinophilie blastocic cells ete. . Further-
more, in previous studies, Undrit?> advocated a polygenesis,
used the nomenclature of the neutrophiloblast, basophiloblast
and eosinophiloblast and deseribed the characteristic findings of
these on stained specimens. However, since the differential
diagnosis of postmortal staining is very difficult, his doctrine
has been supported by only few peoples. We used the vital ob-
servation of blood eells, especially the bone marrow tissue
culture freely and applied them to differential diagnosis of
various types of leukemia. This observation resulted in the
settling of some of numerous points hitherto discussed. In
addition, after further investigation by ordinary postmortal
apd ultravital staining, we obtained a classification of leuke-
mias. Thus the 41 cases of leukemia diagnosed by us in the
past 2 years and 5 months (January, 1954—March, 1956) were
classified as indicated in the table. We have accepted not only
the monocytic series as an independent one derived from mono-
blasts, but further classified the myeloblasts (Naegel)™ into
three groups of neutrophiloblasts, eosinophiloblasts and baso-
philoblasts as Undritz”™, Twao' and others did. That each of
them was to be placed in the same position of lymphoblasts and
monoblasts, was recognized and the kinds of leukemias were
expressed by the name of their dominating blood corpuscle
system, thus standardizing the hitherto divergent names.

As we have not yet experienced sufficient cases of leukemia
in the two years, we must correct and complete the classification
by further and more detailed investigation. We firmly believe,
however, that we can promote further classification of leukemia
in blood systems, which has been planned hitherto by many
researchers.
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Table. 1. Classification of the patients with leukemia
in our Clinic from Jan. 1954 to May 1956.

Acute Chronie Total
Neutrophilic Leukemia 8 4 12
(2 Chloromas inclusively)
Eosinophilic Leukemia 0 0
Basophilie Leukemia 1 0
Monocytic Leukemia 20 1 21
Lymphoeytic Leukemia 5 0 5
Leukemie Reticuloendo- 1 0 1
theliosis
Others 1 0 1
Total 36 5 41

B. Aplastic anemia (panmyelogenous disease)

The treatment of anemia has advanced with rapid strides.
For instance, Castle has already established a theory about the
genesis of pernicious anemia, which is rarely found in our
country and frequently in Europe and America. Therapy with
liver, folic acid and V. B, has been discovered and the word
“pernicious” has become unsuitable. On the other hand, no
classification of the genesis and therapy concerning the idiopa-
thie aplastic anemia, which is found rarely in Europe and
America and relatively frequently in our country, has been
discovered by us. We sincerely hope our hematologists will find
a solution which is urgently needed. We ourselves have experi-
enced up to 10 cases of this disease every year, and there are
indications of increased recurrence of the disease.

Some cases of aplastic anemia are caused by medicaments,
such as, benzole, sulfamin preparations or by haematopoietic
disturbance of the bone marrow with radiations of X-ray, ra-
dium, atomie or hydrogen bombs and others are idiopathic of
unknown origin. As a rule, the name of hypoplastic anemia
(panmyelopathia) means the latter.

Ehrlich®, in 1888, dissected a female patient who had died
from high degree anemia and massive uterine haemorrhage,
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and designated the case as an aplastic anemia. Although a
general conception has been formed concerning this disease, even
today, 60 years after its initial report, the diagnosis is conside-
rably difficult. Even with the finding of peripheral blood, in-
vestigation of the bone marrow, and also postmortal dissection,
the diagnosis of this disease from the closely related idiopathie
purpura (Werlhof’s disease), hypogranulocytosis, leukemia,
particularly aleukemie leukemia or leukemoid reactions, as seen
in Bock's® schema, is very diffiecult.

These facts have been pointed out by many seholars.

Hasegawa™ has reported at the proceeding of the Japan
Haematological Society, “T¢ ijs an idiopathic progressive ane-
mia with a decrease of the granulocytes and thrombocytes
and without swelling of the liver, spleen and lymphnodes, as a
rule, and does not react to usual haematopoetics. The majority
of it shows aplasia or hypoplasia in the bone marrow specimen.”
Also Komiya™ has described in his book, “In this disease the
bone marrow shows no regenerative phenomenon in spite of
severe anemia. Not only the physiologically fatty degenerating
parts do not change into the red marrow, but the physiologi-
cally haematopoietic bone marrow falls in severe atrophy. In
consequence, the erythrocytes, leukocytes and platelets decrease
in the blood and especially the erythrocytes lose their young type
completely.” But in many cases there are not only these with
severe bone marrow disturbances but those, in which the eryth-
rocytes, leukocytes and platelets decrease severely, in spite of
a slicht bone marrow disturbance. Such cases also belong to
this category. Therefore, we can understand why the diagnosis
of this disease is not easy.

We classified the bone marrow disturbances into three
groups: the cellular detaining in the bone marrow, the inhibi-
tion of cellular growth and the disturbance of formation. Thus
we classified this disease, on the basis of the finding of the bone
marrow puncture, into following 5 typsas:

I. Chiefly the type of cellular detaining in the bone mar-
TOwW.

II. Chiefly the type of inhibition of growth.

III. Chiefly the type of disturbance of formation.

IV. Mixed type.
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V. Panmyelopathic type (aplastic anemia).

Of course also in this disease the red and white corpuscles
and platelets are not always affected simultaneously and equally,
but clinically the disease may be confirmed to one of these
types. Every bone marrow disturbance in this disease is mixed,
more or less, with three of the above mentioned types and no
pure type is considerable. Conditions will change later to the
panmyelopathic type (aplastic type), but many of the patients
die of severe anemia or other causes before they reach Type V
stage. 23 cases experienced by us were classified as follows:
(type I, 7. type II, 2. type III, 3. type IV, 8. and type V, 3.)
Especially in the cases of type I, and sometimes of type II, the
bone marrow often showed red appearance and the number of
nucleated cells in the bone marrow showed a normal rate or
sometimes more. Also the number of the reticuloerythrocytes
was normal or more than normal in the peripheral blood, and it
was designated as pseudoaplastic anemia (Luzzato) or progressive
hypocythemia (Thompson) ete.. Even if the bone marrow
shows a red marrow, and no change seems to be in the bone
marrow puncture, haematopoietic function of the bone marrow
must be certainly disturbed. In this sense, as Hattort has de-
scribed, the establishing of a method estimating the function
of the bone marrow is strongly in demand, as that of Thorn’s
test on the function of adrenal cortex. But by the application
of the bone marrow tissue culture which we are now using,
diagnosis of this disease has become very easy from its charac-
teristic findings in cultivation. Thus a prominent foundation
is offered in favor of differentiating it from the other various
diseases mentioned above. It will also develop new phases in the
field of therapy and in the judging of prognosis. At the same
time, it has become eclear that it can meet the demand for
a method of examination of the bone marrow function.

In the bone marrow culture of aplastic anemia, the relative
growth rate was extremely lower than that in the normal (fig.
7). The growth index during 12 hours was only 0.28. The out-
growth zone was very coarse and density index decreased un-
usually. Time of cessation of all cellular movement was only
60 hours, while it was 120 hours in the normal. Concerning
the cellular funetion, the wandering velocity of neutrophils was
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Fig. 7. Growth zone in aplastic anemia.

markedly worse; 1t was only 1.3 p/min after 12 hours (10.8
g/min in the normal). The phagoeytosis of carbon particles
also dropped and the mean degree of phagocytosis was 0.7 after
3 hours (1.95 in the normal). The neutral red staining was also
pathologic, and early and heavy staining was observed and with
early fading. In the fluid culture, the increase of the erythro-
cytes and haemoglobin was less than normal. Thus, in the
bone marrow of this disease, the tissue growth as well as the
cellular function declined remarkably as never seen in others.

It was the characteristic in the outgrowth zone, that the
erythrocytes were very few in the central area and the fat cells
were abundant at first glance (fig. 8). We found a relative
lymphocy tosis, and the wandering velocity of lymphocytes was
seen to be much more aective, since the wandering velocity of
neutrophils declined.

As the above mentioned findings are very distinect, they play
an important role in the diagnosis of this disease. Therefore,
this disease may be diagnosed early by this method with the
examination of serum iromn, Heinz body and others.

In the therapy of this disease, we found usually no further
recovery of the bone marrow findings beyond a certain degree,
in spite of remarkable recovery of findings of the peripheral
blood especially after repeated blood tansfusion and other pro-
cedures. In such cases, if therapy is discontinued, anemia be-
comes worse and finally the patient dies. Also in this sense, our
method is most significant in judgement of therapeutic results
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o

Fig. 8. Fat cells in aplastic anemia.

and prognosis. Furthermore, even in the same aplastic anemia,
cellular density of detaining type is rather high; the cellular
function declines at less degree and the findings in cultivation
are slightly better than those in the other typzs. But also in
this case, findings in cultivation present the characteristics of
aplastic anemia and therefore, diagnosis can be made easily.

Summary

1) As the boundary of the outgrowth zone of the bone
marrow culture is sharply defined from the surrounding area
and the cellular density becomes very high in leukemia, diag-
nosis can be made with ease and certainty.

2) The differential diagnosis between aleukemic leukemia
and aplastic anemia becomes easy by application of the tissue
culture method.

3) The vital observation of blood cells were used in classi-
fication of leukemia by cellular systems, and it was discovered
that there were a lot of patients with monocytic leukemia and
relatively many with acute lymphatic leukemia.

4) Because the cellular growth in the bone marrow culture
of aplastic anemia declines extremely and abundant fat cells are
observed, the diagnosis of this disease is easily made by employ-
ment of this method.
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