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Immunological Study of AM-induced Myocardiopathy

majority of heart cells presented round lymphocytic ele
ments encrusted on the veil-like cytoplasmic extensions
and attached to the cell with short pseudopods (Figs. 3 and
4).

Occasionally, groups of 3 to 4 lymphocytes were clumped
together on the REH cell surface. Heart cells showed ultra
structural characteristics different from the control speci
mens and interpreted as a morphological expression of a
cytolytic process. They were extremely flattened, with a
granular surface and with occasional smooth depressed
areas in the middle of the cell (Figs. 5 and 6).

The cytolytic effect increased with time, being very evi
dent at 48 and 72 hr.

Sera. Sera from AM-rabbits were tested for the presence
of cytotoxic antibodies toward REH cells, in the presence
and absence of complement. None of the sera showed any
cytotoxic activity. Semawere also tested on rabbit and hu
man cells for the presence of fluorescent antibody by the
indirect immunofluorescence technique. Sena were tested
on both normal and AM-treated cells. REH, REK, REM, and
Wl-38 cells were grown in the presence or absence of AM
(0.01 @g/ml)for 3 days and then trypsinized, washed, and
seeded on covemslips.The cells were then treated with sera.
The results are summarized in Table 2. REH cells treated
with sera from the 6 AM-rabbits showed cytoplasmic and
nucleolar fluorescence. Some sera gave fluorescence in
REK and REM cells. A strong rise in fluorescence was seen
when sera were tested on rabbit cells grown in the presence
of AM. Controls consisted of (a) rabbit cells treated with
control sena;and (b) WI-38 cells grown with and without AM,
and treated with control and positive sera. No fluorescence
was observed in such controls.

Effect of Sera on the Cytotoxic Interaction between
Spleen Cells and Heart Cells. REH cells were seeded in
wells and immediately treated with 2-fold serum dilutions
and with a constant number of spleen cells known to cause
a slight cytotoxicity. Cytotoxicity was recorded at the end of
the 2nd incubation day by giving scores ranging from 4+ to
1+, according to the degree of cytotoxicity. Three sera from
control rabbits and 6 sera from AM-rabbits were tested in
different experiments. The results are reported in Table 3.

Cytotoxicity induced by spleen cells from AM-rabbits on
REH cells was strongly increased by the simultaneous add i
tion of serum from treated rabbits.

To characterize further the activity of the serum on the
interaction between spleen cells and targets, we studied the
influence of the mode of addition of serum with the 3
procedures described in â€œMaterials and Methods,â€•using
the same cell preparation. Factorial analysis of the variance
was performed on these results (Table 4). With these experi
mental conditions, the simultaneous addition of serum and
spleen cells to target cells resulted in a very slight enhance
ment of spleen cell-mediated cytotoxicity (Table 4, Column
7).

Previous treatment of normal, nonsensitized spleen cells
with serum from treated rabbits induced a significant (P <
0.01 ) degree of target cell destruction. The incubation of the

same spleen cells with normal serum did not induce any
cytotoxicity.

Previous incubation of sensitized spleen cells with autol
ogous serum onsemafrom other treated rabbits resulted in a
significant enhancement (P < 0.01) of target cell destruc
tion.

Pretreatment of target cells with serum from treated nab
bits induced a significant increase (P < 0.01) of the cytotox
icity mediated by both normal nonsensitized spleen cells,
and sensitized cells.

Table3
Spleen cell-mediated cytotoxicity enhancement by serum from AM

treated rabbits

Serumcytotoxic titer in cultures
treatedwith a constantnumberof sen

sitized spleen cellsâ€•

aSeraalonewerenotcytotoxic;mixturesof seraandnormal
spleencells were not cytotoxic.

b Reciprocal of the last serum dilution showing 1 + enhancement

of cytotoxicity displayed by spleen cells versus REHcells.

Table 2
Fluorescence elicited by sera from AM-treated rabbits on different cell substrates

a Fluorescence was graded as follows: â€”, no fluorescence; Â±, slight; +, weak; ++, strong; +++, bright fluores

cence.
b AM-REH, AM-REK, AM-REM, AM-Wl-38: rabbit and human embryonic cells grown in the presence of AM.

C ND, not done.
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Enhancement of spleen cell cytotoxicity by sera from AM-treated rabbits: determination ofaveragenumber
of REH target cells remaining after the cultureperiodRabbit

donor Methodsof treatment with serumâ€•
Cell control,
no spleen SpleencellsPretreatedcells

orse- alone,nose- spleenPretreatedSerum
Spleen rum added rum cells target cells Mix andaddControl

Control 1025Â±141 994 Â±100â€•924 Â±59 867 Â±192 989 Â±183Control
Treated-Aâ€• 775 Â±95 674 Â±91 648 Â±92 654 Â±84Treated-A
Control 994 Â±100 616 Â±91 529 Â±127 938 Â±117Treated-A
Treated-A 775 Â±95 573 Â±124 422 Â±112 671 Â±137Treated-B
Control 558 Â±36 503 Â±29 271 Â±64 132 Â±38 495 Â±54Treated-B
Treated-B 373 Â±57 238 Â±38 105 Â±27 361 Â±42Treated-C
Control 503 Â±29 288 Â±34 197 Â±33 502 Â±90Treated-C
Treated-B 373 Â±57 315 Â±53 148 Â±46 343 Â±49

â€œLymphotoxinâ€•-inducedtarget celllysisA

bb't da I onorDecrease in Wl-38numbe,'a(%)caused by supernatants
from REHcultures incubated with spleen cells andserumSerum

SpleenMethod

of treatment withserumPretreated

Pretreatedtar
Spleencells spleen cells get cells Mix andaddControl

Control
Control Treated
Treated Control
Treated Treated0

0 0 0
0 0 0 0
0 30 45 0
0 31 75 0

A. Fioretti et a!.

Sera lmmunoabsorption. Results from previous expeni
ments indicate that target cells are more susceptible to the
action of spleen cells, when preincubated with serum from
treated animals. Specific antibodies were detected by the
indirect immunofluonescence test. To check further for the
presence of antibodies and to test which role, if any, they
play in the cytotoxic phenomena, 2 sera from AM-rabbits
were absorbed with heart antigen. After immunoabsomption,
sena were tested for fluorescent antibodies and for en
hanced cytotoxicity. After absorption the semacompletely
lost their activity in the immunofluorescence test with REH
cells and their enhancing effect on the cytotoxicity me
diated by normal and sensitized spleen cells.

â€œLymphotoxin.â€•Supemnatantsfrom cultures of (a) spleen
cells incubated with REH cells and (b) spleen cells incu
bated with serum and REH cells for 48 hr were assayed for
cytotoxin against WI-38 and HeLa cells.

No cytotoxins were detected in supemnatants from the
cultures treated with spleen cells alone or from the cultures
treated simultaneously with spleen cells and serum. Cyto
toxicity was observed when treatment was performed with
the supennatants from cultures where spleen cells or target
cells had been pnetneatedwith serum, the cytotoxicity being
much stronger in the latter case (Table 5).

a See text for details.

b Numbers are the average of 8 replicates Â± S.D.

C Treated-A, -B, -C, 3 different rabbits treated with AM.

Table 5

a Average of 4 cultures as determined by cell counting. The degree of lysis was

determined using the expression:

@1â€” No. of WI-38cells incubated with stimulated supernatant <
â€œNo.ofWl-38cellsincubatedwithnonstimulatedsupernatant
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DISCUSSION

Spleen cells from rabbits displaying myocardiopathy in
duced by chronic treatment with AM were cytotoxic for REH
cells grown in vitro. Nonsensitized spleen cells obtained
from normal rabbits, incubated with heart cells, did not
destroy target cells. Cellular changes, induced by sensitized
spleen cell treatment, were studied using scanning electron
microscopy. After a 1-hr incubation, the majority of REH
cells showed lymphoid elements closely attached to their
surface. This phenomenon was followed by severe modifi
cation of the cell structure, interpreted as a morphological
expression of a cytolytic process which progressively in
creased with incubation time.

The tissue destruction reported in these experiments sug
gests that spleen cells from AM-rabbits have a high degree
of cytotoxic specificity. When sensitized spleen cells were
incubated with REK, MEH, and human cells, no target lysis
was observed.

The cytotoxicity displayed by sensitized spleen cells
could not be due to AM contained in the spleen, since the
drug was present in a concentration that was not cytotoxic
for embryonic heart cells.

Moreover, cytotoxic activity was displayed only by living

Table 4
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spleen cells since disruption by freezing-thawing abolished
cytotoxicity.

The observation that sera from AM-rabbits did not show
cytotoxic antibodies, but showed fluorescent antibodies,
prompted us to design experiments to ascertain whether
antibodies can play a molein the interaction between spleen
cells and heart target cells.

Humomal antibodies leading to the phenomenon of en
hancement, and humoral blocking factors that interfere
with lymphocyte cytotoxicity have been demonstrated in the
senaof animals and patients by 3 general methods: simulta
neous treatment of target cells with serum and spleen cells,
and preincubation of serum either with target cells on with
spleen cells. Therefore we anatyzed the activity of the serum
on the interaction between spleen cells and target cells
following these 3 procedures.

Preincubation of target cells with sera from treated ani
mals made normal spleen cells capable of destroying target
cells and enhanced the cytotoxicity mediated by sensitized
spleen cells. These results demonstrate that we are dealing
mainly with 2 different cytotoxic pathways, namely, CMC
and ADCC, concomitantly present in AM-rabbits and capa
ble of acting simultaneously in the in vitro destruction of
embryonic heart cell. Presumably, other mechanisms are
involved in such a phenomenon. In fact, with normal spleen
cells and â€œimmune'â€s̃era, it was also possible to obtain
cytotoxicity by first exposing lymphoid cells to serum and
adding them to target cells after washing. It is possible that
the cytotoxic cells in these reactions were macrophages,
since there is good evidence that macrophages have recep
ton sites for cytophilic antibodies (2, 10), whereas lympho
cytes have low affinity for such antibodies not reacted with
antigen. It is therefore unlikely that lymphocytes have
gained their cytotoxic potential by mere antibody adsorp
tion. However, it is still possible that they became cytotoxic
for having adsorbed antigen (heart antigen)-antibody corn
plexes (19). Perlmann et a!. (20) have suggested that the
uptake of antigen-antibody complexes may transform â€œnon
immune' â€˜lymphocytes into specific effector cells capable of
destroying antigenic target cells.

The search for cytotoxin in the supernatants of represent
ative cultures gave unexpected results. We could not detect
any cytotoxic factor in the supernatants of REH cultures
incubated with lymphoid cells for 48 hr, whereas this factor
could be easily detected in the supernatants of cultures
where spleen cells or targets have been pretreated with
immune sera.

These findings are at variance with the other reports on
CMC in which cytotoxins have been consistently reported.
One reason for our failure in detecting cytotoxins in our
CMC tests could be the low, although significant, degree of
cytotoxicity obtained with spleen cells in the absence of
serum, and the sensitivity of the system used to detect
cytotoxins [not very great if compared with 51Cr-release
technique coupled with the use of very sensitive target
indicators (16)]. On the other hand, these technical limita
tions did not prevent us from detecting cytotoxins in ADCC,
a quite unexpected finding, in view of the negative results
reported in different experimental systems (17, 18, 26). To
our knowledge there are no reports on ADCC in rabbits, and

it can well be that this species behaves differently. With

these considerations in mind, these discrepancies may be
more apparent than real.

The presence of antibodies directed toward heart anti
gens was detected by immunofluonescence in all the AM
rabbits. We do not know whether these antibodies are the
same as those mediating ADCC; further work is required to
elucidate this point. The possibility that the antibodies
could be directed toward the fetal antigens of the REH cells
was ruled out by the results obtained with immunoabsonp
tion. Sera absorbed with antigen made from adult normal
rabbit heart did not give any fluorescence when tested on
REH cells, lost the capability to enhance the cytotoxicity
mediated by sensitized cells, and did not induce mediation
of cytotoxicity by normal spleen cells.

The origin and nature of the antigen(s) as well as the
mechanism of their emergence can only be speculated. The
activation of lysosomal enzymes triggered by the intracellu
lar acidosis brought about by the anthracycline-induced
mitochondnial impairment (8, 11) could produce material
endowed with autoantigenic properties, according to the
unifying hypothesis of Laufer (14). The rise in the immuno
fluorescence test response by cells cultivated in the pres
ence of AM can be interpreted as being in favor of the role
played in this model by some kind of drug-induced new
antigen(s) (7).

Alternatively, AM could provide antigenic determinants to
this â€œnew' â€˜antigen making a substrate more suitable for the
detection of the corresponding autoantibodies.
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Fig. 1. REH cells incubated for 1 hr with normal spleen cells. The elements present a fusiform body with veil-like cytoplasmic extensions at the cellular
poles and thin processes closely adherent to the glass. x 1000.

Fig. 2. REH cells incubated for 5 hr with normal spleen cells. A veil-like cytoplasmic extension at high magnification. The cell surface shows small
granular protrusions probably corresponding to cytoplasmic organdIes. x 2000.

Figs. 3 and 4. REH cells incubated for 1 hr with sensitized spleen cells. A lymphoid element adheres with short pseudopods to the cytoplasmic extensions
of a heart cell. x 3000.

Fig. 5. REH cells incubated for 5 hr with sensitized spleen cells. A heart cell shows a granular surface with a depressed central area; a lymphoid element
(arrow) is attached to the cellular edge. x 1000.

Fig. 6. REH cells incubated for 5 hr with sensitized spleen cells. A group of lymphoid elements encrusts a heart cell, which shows severe cytolytic changes.
x 1500.

APRIL 1976 1469

I
@ 4k@1,,..

S@S-S@.@

Research. 
on December 4, 2021. © 1976 American Association for Cancercancerres.aacrjournals.org Downloaded from 

http://cancerres.aacrjournals.org/


1976;36:1462-1469. Cancer Res 
  
A. Floretti, M. Ghione, E. Pozzoli, et al. 
  
Adriamycin-induced Myocardiopathy in Rabbits
Autoantibodies and Spleen Cell-mediated Cytotoxicity in

  
Updated version

  
 http://cancerres.aacrjournals.org/content/36/4/1462

Access the most recent version of this article at:

  
  

  
  

  
  

  
E-mail alerts  related to this article or journal.Sign up to receive free email-alerts

  
Subscriptions

Reprints and 

  
.pubs@aacr.orgDepartment at

To order reprints of this article or to subscribe to the journal, contact the AACR Publications

  
Permissions

  
Rightslink site. 
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)

.http://cancerres.aacrjournals.org/content/36/4/1462
To request permission to re-use all or part of this article, use this link

Research. 
on December 4, 2021. © 1976 American Association for Cancercancerres.aacrjournals.org Downloaded from 

http://cancerres.aacrjournals.org/content/36/4/1462
http://cancerres.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://cancerres.aacrjournals.org/content/36/4/1462
http://cancerres.aacrjournals.org/



