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INTRODUCTION

CHROMUSUME stuUice i 3Uind Casts Ui atuie
srvthrate kzemia (DI Guuiichino's syudiunte}
have been report *d in the last tew vears | 1-Y].
As in acute leukasemias the chromosome
patterns are qui € variable, but in most cases
one or more cell lines with abnormal karvo-
tvpes were found [2-8]. In the present paper
a case of t enzene-induced erythroleukaemia is
reportec in which chromosome studies were
carried ¢ 't

CASE REPORT

S.M., female, age 37. Nothing important in the family
history. One norrnal pregnancy at the age of 29. one
spontanecs abortion at the ape of 31. The patient had
been working from 1959 1 1966 in a small factory of
beauty cases; rhe usually worked at packing, but she was
also often engaged in the mounting of the cases with a
glue comtaining lata and para rubber, which was
diluted with benzene and applied directly on the lining
with a finger. The whole processing of the beauty cases
was carried out by 4 5 persons in a small room. The
patient reported that, especially during winter, there was
astrong smell OF benzene in the room.

Since 1965 the patient had suffered from frequent
metro: ias. In July (966 the patient started com-
plaining of weakness, anorexia, pallor, i r fever
(up o 39°C). In August 1966, following a severe
metrorrhagia, the patient was admitted to a gynaecologic
department to have acurrettage and, due to the Finding
of anaemia, she was transferred © the Clinica del Lavoro
on | September 1966.

At admission the blood findings were: Heb 8 g/100 ml,
RBC 3,000,000/mm3, YYBC 4500/mm? with neutrophils
389, emsinophils 29, lymphocytes 149, monocvtes
6%, metamyelocytas 149, myelocytes 26%, basophilic
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erythroblasts 10,100 WBC: platelews 125,000’'mm? with
some giant, bizarre elements.

The bone marrow obuained bv sternal puncture
(9 September 19661 was verv rich in elements of both
scries. especiailv of the more immature orms. Both
ervthroid and mveioid elements snowed atvpical feature-.
like nucleo—cvtoplasmic maturauon asynchre.ism, b.z-
arre nuclei; some giant mono- and binucieater!
clements were present. The myeloid—ervthruid -utio
was |-1.

The patient was treated with transfusions anc low
doses of corticosteroids and was discharzud improvea on
24 September 1966.

A few days after (8 October 1966) the patient was
readmitted in emergency due to severe metrorrhaqgia,
thrombophlebitis oF the left teg, high fever. The blood
findings were: Hgb §:2 100 mi. RBC 2,000.000/mm3,
WBC 30,000/mm3 with neutrophils 639, lymphocytes

94, metamvelocvies 19%, mvelocvtes 2%, myeloblasts
194, haemocytoblasts 3%, ; acidophilic ervthroblase IS
polickromatophilic erythroblasts 7, basophilic erythro-
blasts 1, proervtheoblass |.100 WBC. Some of the
immature elements Of the ervthroid series were PAS-
positive. The leucocyte alkaline phosphatase score was
high (262). At this :ime a direct chromosome prepara-
tion of peripheral blood wes made.

From 22 October—1 November 1966 the patient was
given a short course of 6-mercaptopunine (2°5 mg/kg/
day), together Wwith corticosteroids and transfusions.
The patient had a partial clinical and hasmatological
remission and was kept under check for a while.

On 23 December 1966 a new bone marrow sample
W obtained, on which crtogenetic studia were
performed. The pattern was similar to that previously
described, but the bizarre and giant elements were more
numerous. The myeloid—ervthroid ratio was 048,
Out of 1000 immature cells of both series, 2 mitoses of
the myeloid and 6 of the erythroid precursors were
found.

In the next months the patient becarne increasingly
ill, had high irregular fever, complained of were joint
pains, and presented subcutaneous and submucous
haemorrhages and liver and spieen enlargement.

The patient died on 16 February 1967. The autopsy
findings were: bronchopneumonia, diffuse subcutaneous
and submucous haemorrhages, liver and spleen enlarge-
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Table 1. Chromosome counts in direct preparanions ¢ peripheral blood and bone marrow

Chromosome counts Total
Date Source Near- cells
<43 4 45  46¢ 57 73 tetraploid counted
14 Oct. 1966  Blood 3 3 5 2 13
23 Dec. 1966  Bone marrow 6 2 1 4 1 1 5 29

*Pseudodiploid ceils with 2 markers.

ment due to masuve infiltration with erythroid and
myeloid elements.

MATERIAL AND METHODS
The chromosome studies were performed on
direct preparations of peripueral divud and
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(3:1), and chromosome preparations were
made by the air-drving method. with slight
flaming. No lymphocyte cultures were per
formed.

The leucocyte alkaline phosphatase wa:
determined according to  Kaplow's cyro-
chemical score [I0].

RESULTS

The direct preparaton of peripheral blcod
was performed at a time when the patient had
ken treated onlv with corticosteroids and
transfusions. The chromgsome studv of the
bone marrow was made 11 month after a short
course Of 6-mercaptopurine; unfortunately no
chromosome studies had been performed at the
ume of the first bone marrow biopsy in Sept-
ember 1966.

The results of the chromosome counts are
summarized in Table 1. Complete chromosome
analysis was performed on 11 metaphases

from the peripheral blood (Table 2} and on |2
metaphases from the bone marrow 'Table 3
Both samples were characterized by a stem.-
line with a chromaosome niimber af 46 bt wirh
a pseudodiploid pattern. In all pseudodiploid
metaphases 2 chromosomes of the E grous
{17-18] were mussing and 2 marker chromo-
snmes were present (Fips 1 oand 2 The
tiv SrlauTLue wwad ulciciuic tru,
AR IL—.mar | —.mar 2" .accoraing 10 tne
nomenciatyre oF me Chicago conterence |l

Marker | wes a smaii ring chromosome.
appeanng most or the umes divided into the
chromatids (Figs. 1and 2. Marker 2 was a
munute {ragment, whose centromere was ewi-
dent onlv 1n some metaphases. Both markers
were quite recognizable and were observed
also 1» some other metaphases which were no
suitable for counung. The markers, and
&pecially marker 1, occupied preferentially a
penpheral posidon in the metaphase spreads
(Figs. 1 and 2).

As shown in Table 1 quite a few metaphases
were near-tetraploid ;in these cells each marker
was generally represented twice Or more
(Tables2 and 3).

In some of the best metaphases a Bp—
chromosome was also somewhat evident; this
chromosome was intermediate between chro-
mosomes of pair 3 and chromosome 4 {Figs :
and 2 . However, due to the quality of mam
metaphase spreads, it 1s difficult to state
whether this chromosome abnormality was
consistent.

s YUY AL

Tabk 2. Chromosoms analysis & 11 metaphases from direct preparation of peripheral blood

No. of A B C D E F G mar | mar?
No. of cells o — (17-18)

1 4 -1 -2 1
! 4 -1 =2 -1 1 1
1 45 -1 -1 -1 1 1
1 45 —1 -2 | 1
1 45 -2 I
5 46 -2 1 1
1 86° -1 -9 —1 -2 4 3

*In the near-tetraploid metaphases musuing and extra-chromosomes are referred to the tetras

ploid karyotype.
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Toble 3. Chromosome analvsis & |2 metaphases from direct preparatron o bone marrow

- so. of
Ng:h:‘ chromo- A B C E F G mar! mar?
womes 17-18
i 45 -1 -2 1 1
1 45 -2 i
Iq—~
1 45 1q+—l 1
| 46 —1 —1 (1Eq—-) 1 1
5 5 - 1 [
1 57 +1 +4 1 +1 ¢l 2 |
| 87* -2 -5 -2 2 2
| g3 -3 1 3

*See note below Table 2

DISCUSSION

The capa ity of benzene to induce leukae-
wias IS weii known {12, 13]. Also cases ofacute
enthrolevk emia due to benzene are reported
‘14, 15]. In our case the illness started after 7
vcars of exposure to benzene in concentrations
supposecly well above the threshold limit
.alues. A though the pauent had not had
niood examunations, the frequent metrorrhagias
in the year prece-ling the onset of leukaemia
scem to indicate :hat disorders of the blood-
furming organs were alreadv present. For this
reason We can assume that this case of erythro-
leukaemva wvas induced by benzene.

As fa. as the chromosome findings are
concerncd, from the comparison of our data
with those existing in the literature some
considerations can be made. The presence
of one or more stem-lines with an abnormal
karyotype seems to be a very frequent occur-
rence in acute erythroleukaemia [2-9). As for
the other acute leukaemias. the abnormal
chromosome patterns are different from case
to Case. In the present case, consistent struct-
ural chromosome abnormalities were demon-
strated in dll metaphases, both in the sample of
peripheral blood taken before antiblastic treat-
ment and in the sample of bone marrow
obtained at a time of reiapse after treatment.
The structural abnormaliues seem therefore
to belong to the neoplastic stem-Line.

In two cases of acute erythroleukaemia
reported in the literature a ring chromosome
was observed [2, 6]. In the case of Di Grado
¢t ol [2] the ring chromosome wes the size of
chromosome 2; in the case of Krogh Jensen
{6] with 3 stem-lines, 2 stem-lines had a ring
chromosome, one the size of a C chromasome,
one the size of an F chromosome. The ring
chromosome observed in our case was somewhat
smaller than that of the second stem-line of the
case of Krogh Jensen [6]. This author reports

alo in the same case the almost constant
presence of a small acentric fragment in the
metaphases with the marker ring chromosome.
In our case the minute chromosome seemed
actually to be centric.

A feature common to some reported cases of
acute erythroicukaemia is 2 hypoapivi sise >
[1-3, 6, 7, 16]. In the case described the wicdc
was pseudodiploid. The smaller size o1 uic vwo
marker chromosomes in comparison with theé
size of the two missing chromosomes ot ine
group suggests however a loss of geaetic
material, even though a translocation oi par of
this material on one B chromosome (Bn =)
cannot be ruled out. Loss of genetic matenal
was also observed by Ricci [5] in his case of
erythroleukaemia with a pseudodiploid pattern.

The involvement of chromosomes of the £
group, particularly 17-18, in acute leukaemias
and allied diseases, and in the acute trans-
formation of chronic myeloid leukaemia, does
not seem to be a rare occurrence 6, 7, 17-19].
Loss of 2 chromosomes {17-18] was a constant
feature of the stem-line OF the case described,
even though in occasional hypodiploid ceils
only one £ chromosome wes missing together
with chromesomes of other groups.

At variance with Castoldi & o [9] no
involvement of the G chromosomes was
observed.

The tetraploid or near-tetraploid metaphases
found in the direct preparadon hoth of peri-
pheral blood and of bone marrow represent
probably mitoses of the abnormal giant ele-
ments, often binucleated, which were present In
the smears.

The presence of the marker chromosomes in
all the metaphases observed and analysed seems
to indicate that all the dividing cells possessed
an abnormal chromosome complement. As
in the Giemsa-stained bone marrow smears
made at the time of the chromosome prepara-
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tion mitoses both of the erythroid and of the
mveloid series were present, the abnormal
metaphases observed seem to belong to both
series. This fact, observed in acute leukaemas
also by Krogh Jensen (6, 20, 21], seems to
demonstrate that the abnormal cells derive
from a common stem-cell with anomalous
chromosome pattern.

Regarding the formation of the abnormal
complement, it is noteworthy that some of the
reponed patients with acute leukaemia or
ervthroleukaemia had a history of exposure
to N-rays [}, 6). The patient with erythro-
leukaemia observed by us had been for some
years exposed to benzene during her work.

Benzene exposure i known to be able
produce chromosome changes similar t0 the..
induced bv X-ravs, both in lymphocytes

in bone marrow cells [22-26.] The hypothe..,
can thercfore be guggcstcd that in our case
benzene ex; ig —
stem-cel} chromosome changes iprobablv brea
Wee of chromosomes OF the £ Qroup), ane
{hat the conseguens rearrangement fight haye
resulted in a cell with a pseudodiptoid <omple.
ment, which gave rise to the abnormal clone
The leukaemic process might have bees,
initiated by the proliferation of such clone an
by its differentiation into cells both of u,e
erythroid and of the mveloid series.

By

RESUME

ON a étudié les chromosomes d'un cas & érvthroleucémie aigus chez une malade QUi avait
été exposée au benzene, A {examen direct tant du sang que de 1a maeile osseuse. il y avait
une lignee cellulaire apec 46 chromosomes, avec Un carvotvpe pseudodiploids par absence de
deux chromosomes du groupe E et présence de deux chromosomrs margueurs (un chromosome
en aNNCaU ¢t ur petit fragment centnique). Le carvotype anormal paratssait étre commun
aux deux series, putsque les CNrOMOSOMES marqueurs élaient presents dans toutes les mitose:
dtudides et appartenaient probablemeni tant & la séne irvihroblastigus qu'd |a série
myéloide. Les auieurs émettent {hypothése (U Uexposition au benzéne peut avoir induit des
Jragmeniations et des réarrangements chromosomiques dans ume cellule souche qui, em
prolifération, produisait le clone érythroleucémique anormal.

$TMMARY

Cytogenic studies were carried OUt ix » vase of acute erythrolrukaemia, which occurred in a
patient WhO had been exposed to bencene. In direct preparations both & pevipheral blood
and of bome marrow, a stem-line of 46 chromosomes iwas present, with a pseudodiploid
karyotype, due to the adsence af 2 chromosames Of group E and to the presence of 2 small
markers (a ring chromosome e f a mtnute centricfragment!. As the markers w e present
i all the mitoses observed, most probadlv belonging both 1© the erythroid and 10 the
myeloid series, the abnormal thromosc. e complement seemed {0 charackerize a stemecell
common to both series, The Aypothests v suggested that ihe exposure t0 benzene might have
induced chromosome breakages and rearrangements in a stem-cefl, and that p.oliferation
of such abnormal element might have resulted in the erythroleukaemic clone,

ZUSAIIMENFASSUNG

Bei einem Patienten mit akuter Ery‘hrolevkimie, welcher der Eimuwirkung vom Benzol
ausgesetzt war, uwden die Chromosor.ien untersucht. Sowohl in der direkten Praparation
des strémenden Blutes als auch in der des Knochenmarks war ein Jellstamm mit 45
Chromosomen vorhanden, Durch die Abwesenheit von 2 Chromosomen dev Gruppe E und
das Vorhandensein von 2 kleinen Markerchromosomen {ein Ringchromosom und ein kieines
zentrisches Fragment) enistand eine ps-udodiploides Bild. Da die Markerchromosomen bei
allen beobachteten Milosen vorhander waren, welche vermutlick sowohl der myelotschen
als auch der eryshroblastischen Serie ingehdren, scheint der pathologische Chromosemen-
bestand beiden Serien anzugehdren.

Die Autoren kommen zu der hypothetischen Folgerung, daf es durch die Wirkung des
Benzols zu etnem Bruch und riner iiederanordnung der Chromosomen in einer Stammeelle
gekommen war, wobei die Profiferation dieser elle zur Bildung eines anomalen Klons
Jiihrte.
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