
B L 00 D The Journal of Hematology

JUNE, 1966 VOL. XXVII, NO. 6

Cytogenetic and Morphologic Abnormalities in

Human Bone Marrow Cells during Cytosine

Arabinoside Therapy

By �VILLIAM H. BELL, JACQUELINE J. \\IIANC, PAUL P. CARBONE,

GEORGE BIuCIIEJI AND JEROME B. BLOCK

T HE BIOLOGICAL ACTIVITY of cytosine arabinosid& (1-/3-D-arabino-

furanosylcytosine hydrochloride) has included inhibition of the multi-

plication of both neoplastic cells in animal systems23 and of DNA viruses.4’�

Megaloblastosis and abnormal mitotic figures in marrow aspirates have l)een

associated with cytosine arabinoside therapy6 in patients with disseminated

malignant disease. Also, in vitro culture of human leukocytes7 in the preseiice

of cytosine arabinoside results in severe chromosome abnormalities. In view of

these reports 10 patients with malignant diseases receivmg cytosine arabino-

side were fully evaluated by cytogenetic and hematologic studies in order to

further characterize the abnormalities developing during such therapy. These

studies demonstrated profound aberrations in the morphologic appearance of

bone marrow cells and their chromosome structure.

METHODS

Eight patients with various solid tumors and two others with Philadelphia chromosome

positive chronic myelogenous leukemia (CML) were studied. All patients received cvtosine

arahinoside as a single, rapi(l, intravenous (lose administered daily for 5 consecutive days.

This daily dose varied from 100-200 mg/in2 l)ocl\ surface area, but was constant in a given

patient.
Before, during, and following therapy, standard hematologic evaluation of the peripheral

blood and bone marrow was made in all p�1tients. These included measurements of hemo-
globin, white blood count. and pl�ttelet count. The bone marrow was evaluated by both
supravital and fixed tissue proce(lures emplovmg Ciemsa staining. Cvtogenetic evaluation was

performed using direct air-(lried preparations of the marrow by the method of Tjio and

Whang.8 At least 30 mitotic figures were analyzed for each marrow evaluation. Occasionally
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Figs. 1 and 2.-�Supravital and Giemsa stained preparation of bone marrow
aspirate demonstrating abnormal erythroid cells.

these stLi(lies were siipplemeiitc(l l)V 3-(lav PeriPlierill blood cultures b� the method of

Moorhead et al” The iniml)er of iiiitoses per 1000 nucleated marrow cells ( mnitotic index

was also determined. In all patients the oral mimmicosa. amid in sonic of these patients Ul5() time

vaginal, and small bowel mucosa were studied for the prsemmc of morphologic changes.

H ESU LTS

The most 1)roI�1i1�c’I�t and earliest abnormality noted was the morphologic

alteration in the red cell precursors in the marrow. \Vith Giemsa staining this

change was characterized liv the appearance of abnormal large cells with

gigantic indented nuclei having irregular borders (Fig. 1). Phase microscopy

demonstrated that these nuclei often had little internal structure and some-

times were vesicular ( Fig. 2). These abnormalities differed from the classical
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Fig. 3.-Air-dried preparation of marrow metaphase demonstrating despiraliza.

tion of the chromatids.

megalohlast1#{176} where the nucleus is characterized by a large, smooth, circum-

ferential border with a well-defined internal nuclear structure when viewed

with phase microscopy. Although these morphologic abnormalities were seen

in the marrow as early as 6 hours after the initial dose of cytosine arabinoside

(see patient E. L. in Table 2), the effect was the most severe on the day

following the fifth consecutive day of therapy. Two weeks following the onset

of’ therapy there was complete disappearance of the above morphologic

changes.

Simultaneous with these morphologic changes, strikinr� cvtOdenetic aberra-
This One
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Fig. 4.-Air-dried preparation of marrow metaphase demonstrating extensive

chromosome fragmentation.

tions occurred in the bone marrow of all treatedl patients. The data summariz-

ing the cvtogcnetic observations oii the marrow specimens iii relation to the 5-

day course of cvtosine arabinoside therapy are summarized in Table 1 and

(Ietailed in Table 2. These defects consisted of breakage, despirali’i.ation, ero-

sion, stickiness, and extensive fragmentation of chromatids (Figs. 3,4,5).

Breakage was defined as the breaking of a chromosonie or chromatid into two

or more parts. 1)espiralization indicated loss of the al)Parellt larger and/or

smaller internal coils normally l)r(’s(’nt in chromatids at metaphase. Erosion

could be of all tVl)es from very small insignificant indentations to complete

removal of all chromatic substance in large P0rti011S of the chromosomes.1 1

Stickiness of the cliromatids was present when there was failure of the separa-

tiOi� of two lmmologous chroiiiatids. Extensive fragmentation of the chromo-

50fl1(’S WaS characterized liv the loss of the original chroniosomal morphology
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Fig. 5.-Air-dried preparation of marrow metaphase demonstrating the preco-

cious separation of the chromosome at the centromeric regions.

due to breakage into numerous fragments with or without the presence of

precocious separation of the centromeric regions. These changes occurred in

mitoses seen during prophase, metaphase, and anaphase. In Table 1, the mean

incidence and range of abnormalities are given. Chromatid breaks, despiraliza-

tion, and erosion have been termed minor aberrations. These were separated

from major aberrations of extensive fragmentation, as seen in Figure 4. De-

tailed analyses of the chromosomal changes occurring with cvtosine arabino-

side therapy are shown in Table 2. Maximum cytogenetic aberrations were

noted immediately following the fifth (last) day of therapy.

The maximum incidence (seen on the day following the fifth consecutive

day of therapy) of cvtogenetic abnormalities was 95 per cent (patient B. IT.)

of the metaphases. This was not clearly dose-related. No significant alterations

in the mitotic indices were noted following cvtosine arahinoside therapy. Two

of the three peripheral blood cultures taken at the time of severe morphologic

cytogenetic aberration in the marrow failed to grow satisfactorily to permit
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Table 1.-Days Follou’ing Onset of Cytosine Arahinoside Therapy

Day Control 2-4 6 13-14

Number of patients 10 3 1) 3

Aberrations (iwr cent)

minor 1 16 32 3

extensive 0 7 24 1

Per cent total aberrations#{176} 1 23 .56 4
(Range) (0-3) (10-33) (15-95) (2-7)

#{176}Average

cytogenetic evaluation. A third culture did not reveal any chromosomal aberra-

tion of the lymphocytes.

At the time of maximum morphologic and cvtogenetic aberrations in the

marrow, the peripheral white blood cell counts, differential and morphology,

were normal. When cvtopenia appeared, usually 14-18 days later, the marrow

had returned to normal. Only patients A. D., J. A., amid D. H. developed

leukopenia (W.B.C. less than 5000 mm.3) and only patients A. D. and J. A. had

greater than a 2 Cm. per cent fall in hemoglobin following therapy. One

patient, 1). F., had a fall in platelets below 75,000/mm.� A decrease in reticulo-

cyte counts following therapy �s’as not observed. No morphologic changes of

the circulating leukocytes were noted in the peripheral blood smears taken at

the tune of maximum morphologic changes in the marrow or when cytopenia

subsequently occurred in the peripheral blood.

Biiccal smears were taken daily on the 10 patients before, throughout, amid

following cytosine arahinoside therapy and no morphologic abnormality could

he observed on cytologic examination. \Taginal mucosa smears taken before

therapy and at the time of maximum morphologic and cytogenetic abnormali-

ties also remained normal. A small bowel biopsy in one patient taken at the

time of maximum cytogenetic aberration was histologically normal.

In the two CML patients with 100 per cent Philadelphia chromosome posi-

tive metaphases in the marrow both morphologic and cytogenetic abnormali-

ties were clearly demonstrable; however, these effects at the time of

maximum severity were less severe than the effects seen in patients with solid

tumors who had normal bone marrows (R. S., D. B., Table 2). Another patient

(J. A., Table 2) with far-advanced metastatic melanoma to the bone marrow

had an abnormal hyperdiploid cell line (68-74 chromosomes) in the marrow,

presumably representing metastatic tumor cells. Repeated bone marrow sam-

plings indicated that the tumor cells were affected by the agent. Because of the

general variability of the percentage of chromosomal aberrations, it could not

he established that cytosine arahinoside was selectively injurious to the cells

with Philadelphia chromosome or the hyperdiploid cells. There was no qualita-

tive difference in the cytogenetic abnormalities observed between normal and

abnormal cell lines. Two patients developed an increased incidence of tetra-

ploidy in the marrow metaphases. The maximum incidence reached was 15 per

cent.
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DIsCuSsIoN

These studies in part confirm the observations of Talley and \Taitkevicius,6

who noted abnormal mitotic figures in the marrow of patients receiving cyto-

sine arabinoside. In the present findings the cytogenetic aberrations in 89-95

per cent of marrow cells in metaphases in four patients with solid neoplasms

suggested that chromosomal abnormalities occurred both in the leukocyte pre-

cursors and the red cell precursors with cytosine arabinoside therapy. In these

patients and two others with chronic mvelogenous leukemia, the ratio of myc-

bid to erythroid elements in the marrow was high; thus it was likely that

myeloid metaphases were among the abnormal mitoses analyzed. Temporally,

the appearance of the chromosomal disturbances was associated with the mor-

phologic abnormalities.

Adding cytosine arabinoside directly to peripheral blood leukocytes cultured

in vitro, Kihlman et al.7 demonstrated chromosomal defects hut with an inci-

dence considerably lower than those seen in the marrow of our patients. This

indicated that chromosomal aberrations may also he induced in lymphocytes.

It is difficult to compare these in vitro studies which reflected abnormalities

induced in dividing lymphocytes with the bone marrow observations of the

present study. The intermittent (daily) dosage of cytosine arahinoside admin-

istered may have induced only partial suppression of DNA synthesis in divid-

ing marrow cells, thus permitting the development of numerous mitoses with

varied cytogenetic aberrations. The absence of a significant decrease in mar-

row mitotic index supports this suggestion.

A unique feature of the present studies was the rapid reversibility of the

severe cytogenetic changes. An explanation may reside in the chemical struc-

ture of cytosine arabinoside which inhibits DNA synthesis without being incor-

porated into its structure,’2 thus possibly preventing prolonged effects. Also,

the rapid urinary excretion of cytosine arabinoside may he contributing to

rapid recovery. Employing tritiated cytosine arabinoside given intravenously,

Papac et al. showed urinary excretion of 89-94 per cent of the radioactivity in

a 24-hour period.U4 In that study cvtosine arabinoside was not detectable in the

blood 3-5 minutes following intravenous injection. These findings may he

responsible for the rapid return to normal of the marrow with the 5-day course

of therapy employed in this study.

The cytogenetic abnormalities seen with cytosine arahinoside were more

extensive than those noted with other chemotherapeutic programs used to date

at the National Cancer Institute. However, the morphologic characteristics of

these aberrations were not considered unique hut qualitatively similar to ab-

normalities reported with irradiation,14 viruses’ and various chemotherapeutic

agents.16

The morphologic abnormalities of nondividing cells were restricted to the

erythroid series. This was in contrast to other chemotherapeutic agents which

affect granulocytes as well,17 and in spite of the cytogenetic abnormalities

demonstrated in both granuloc�tes and erythroid cells in the present study.

Possibly if erythroid and granulocyte precursors could be distinguished in the
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cytogenetic preparations, the most severe cytogenetic al)normalities might he

more common in erythroid cells. Alternatively, the erythroid series may be

more sensitive to derangement of the chromosome material. Sufficient informa-

tion is lacking to support either explanation.

The rapid reversal of both the morphologic and cytogenetic features follow-

ing cessation of cytosine arabinoside therapy is an encouraging feature for

further clinical use of the drug. This also supports Cardeilhac and Cohen’s’2

concept that the duration of the toxic effects from this drug would he short

because it is not incorporated into DNA. However, the observations of this

study do not preclude more prolonged effects with other dose schedules. Of

related interest arc the recent reports which associate the megaloblastosis of

vitamin B,2 deficiency with cytogemietic defects.ms,hu* These cytogenetic defects,

which have also l)eeli seen iii our laboratory2 are similar to those reported

here with cytosine arahinoside but are not as extensive. While the megaloblas-

tosis amid cvtogenetic effects of cvtosine arahinoside can be reversed by de-

oxycytidine in the mouse,2’ it is not known whether similar reversal with

deoxycytidine could be effected in vitamin B,2 deficiency.

SUMMARY

The cytogenetic and morphologic abnormalities arising in the bone marrow

following therapy with 1-f3-D-arahinofuranosylcytosine hydrochloride (cyto-

sine arahinoside) were studied with 10 patients with various neoplasms. A

5-day course of daily, rapid administration of the drug was employed at a dose

of 150-200 mg./m2 body surface area. Within 24 hours there was a high

incidence of chromosomal aberrations in both granulocytic and erythroid mar-

row cells. These aberrations consisted of chromatid breaks, erosions, despirali-

zation, precocious separation of the chromatids at the centromeric region, and

extensive fragmentation. Prominent morphologic abnormalities were seen in

nondividing cells of the erythroid series, hut were absent from the granulocytic

precursors. Following cessation of cvtosine arabinoside therapy, the morpholog-

ic and cytogenetic abnormalities rapidly returned to normal. These features

were discussed in relation to the known pharmacology of cytosine arabinoside.

SuM�fARIo IN INTERLIN(;UA

Le anormalitates cytogenetic e morphologic occurrente in Ic medulla ossec

post therapia con hydrochloruro de 1-�-1)-arahinofuranosvlcytosina (arabino-

sida de cytosina) esseva studiate in 10 patientes con vane neoplasmas solide.

Un curso de 5 dies de rapide diurne administrationes del pharmaco esseva

empleate con un dosage de inter 150 e 200 mg per metro (1uadrate de superficie

corporee. Intra 24 horas il occurreva un alte incidentia de aherrationes

chromosomatic tanto in granulocvtic como etiam ill erythroide cellulas de

medulla. Iste aherrationes consisteva de ruptura, erosion, e disspiralisation

del chromatidos, de un separation precoce del chromatidos ah Ic region

centromeric, e de extense fragmentation. Prominente anormalitates morpho-

logic esseva notate in cellulas nondivisoni del serie erv’throide, sed tal anor-

malitates esseva absente ab le precursores granulocvtic. Post Ic suspension del

therapia a arahinosida de cvtosina, Ic anormalitates morphologic e cytogenetic

retornava rapidemente al stato normal. Iste characteristicas es commentate
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CYTOSINE ARABINOSIDE THERAPY 781

in relation con le cognoscite aspectos pharmacologic de arahinosida de cyto-

sina.
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