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Abs t rac t - -The  efJ~ct of melphalan, adriamycin and daunorubicin on E- and EAC- 
binding cells in vitro was studied. Melphalan and adriamycin reduced the frequency of 
EAC-ceIls but not that oJ" E-cells. Daunorubicin used in the same concentrations as 
adriamycin exhibited a dose- and time-dependent killing ~fJect on the entire cell 
population. 

I N T R O D U C T I O N  

CHEMOTHERAPY for malignant disease may 
impair several types of immune responses [1]. 
A number of often contradictory reports deal- 
ing with different aspects of such drug in- 
duced immunosuppression have been pub- 
lished [2-9]. The discrepancies in the results 
may be explained by factors other than the 
treatment itself such as the disease and its 
clinical stage and intercurrent infections, 
which per se, can influence the lymphocyte 
population. In order to avoid such errors we 
have studied the in vitro effect of cytostatic 
drugs on peripheral lymphocyte preparations 
from healthy donors using different concen- 
trations of the drugs and different exposure 
times. Three drugs were chosen, namely; mel- 
phalan, adriamycin and daunorubicin. 
Melphalan, a phenylalanine derivative of nit- 
rogen mustard was studied because of its 
effectiveness in the treatment of plasma cell 
malignancy [10]. Adriamycin and daunor- 
ubicin are both anthracycline antibiotics. The 
former is active against malignant lymphomas 
and the latter is most useful in the treatment 
of acute leukemia [ 11 ]. 

In this investigation we have examined the 
effects of these drugs on the frequencies of T- 
and non-T-cells as assessed by E-, "active" E- 
and EAC-rosette formation tests. 

MATERIALS AND METHODS 

Lymphoc?,te donors 

Eight healthy volunteers of" both sexes, aged 
22-60 yr, served as blood donors. 

Accepted 22 January 1980. 

Separation of lymphocytes 

Heparinized venous blood was centrifuged 
on a layer of Ficoll-Isopaque (FIP) [12]. 
Phagocytic cells were removed by iron pow- 
der and a magnet [13]. The lymphocytes 
were then centrifuged again on FIP to remove 
remaining erythrocytes and phagocytes. The 
resulting preparations consisted of 99-100°'(~ of 
small lymphocytes. 

Cytostatic drugs 

Melphalan was purchased from Wellcome 
(The Wellcome Foundation Ltd, The 
Wellcome Building, 183 Euston Road, 
London NW1 2BP, England), adriamycin was 
a gift from Montedison (Montedison AB, 
Dalagatan 34, Stockholm, Sweden) and 
daunorubicin was purchased from Leo Rhodia 
(AB Leo Rhodia, Norrbroplatsen 2, 
Helsingborg, Sweden). The drugs were di- 
luted in Eagle's Minimal Essential Medium 
supplemented with Earle's salts (MEM) and 
kept at 20°C before use. 

Experimental design 

Purified preparations of lymphocytes were 
suspended in M E M  supplemented with penic- 
illin, streptomycin and 10~!,~) of heat inacti- 
vated human AB + serum. Cell suspensions, 
containing 106 lymphocytes/ml, were incu- 
bated with or without a cytostatic drug at 
therapeutic concentrations for 2 or 24hr in a 
humidified 5°~ CO 2 air atmosphere at 37°C. 
After incubation the cells were washed twice 
by centrifugation and the number of viable 
cells counted using the trypan blue exclusion 
test. The frequency of viable cells always 
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exceeded 9000 and there was no appreciable 
difference between control and experimental 
cultures. Daunorubicin exhibited a pronoun- 
ced cytotoxic efl'ect on the cells. The lower 
concentration (2/~g/ml) of the drug killed 
approximately 25 and 50~I{~ of the cells after 2 
and 24hr of incubation, respectively. The 
higher concentration (4/*g/ml) killed approxi- 
mately 60 a n d  almost 100% of the cells 
during the same incubation periods. 
Incubation of lymphocytes with melphalan or 
adriamycin did not reduce the number of 
viable cells to any detectable extent. 

Rosette tests 

The methods for determinations of E- and 
EAC-rosette forming cells have been described 
before [14, 15]. Determination of the fie- 
quency of "active" E-rosette forming (:ells was 
performed according to the method described 
by Horowitz et al. [16]. Briefly, 0.1ml of 
phosphate buffered saline containing 5 x l0 s 
lymphocytes was incubated with 0.1 ml of 
fetal calf serum (Grand Island Biological 
Company) in a plastic tube at 37cC for 60 
rain. The fetal calf serum had previously been 
heat inactivated (56cC for 30 min) and absor- 
bed against both sheep and human AB eryth- 
rocytes (at 37 and 4~C). After incubation the 
lymphocytes were resuspcnded and 0.1 ml of a 
0.1(I0 solution of sheep erythrocytes (SRBC) in 
normal saline was added. The cell suspensions 
were centrifuged at 200g and kept at room 
temperature for 5 rain. After resuspending the 
lymphocytes the ti~equency of SRBC binding 
cells was determined by scoring two hundred 
cells. Cells binding three or more SRBCs were 
considered positive. 

RESULTS 

Lymphocyte preparations were examined 
for the frequency of E-, "active" E- and 
EAC-rosette forming cells after in vilro ex- 
posure for 2 or 24hr to two different con- 
centrations of the drugs. The results of four 
separatc tests for each drug using different 
lymphocyte donors are presented. 

Melphalan and adriamycin exerted essen- 
tially similar effects: the frequency of EAC- 
binding cells was reduced whereas the 
frequencies of E- and "active" E-binding cells 
were not markcdly changed. The effect on the 
EAC-binding cells seemed to be dependent on 
the exposure time using the highest con- 
centrations of the drugs (Tables 1 and 2). 
Daunorubicin reduced the frequency of all 
cell types studied and the prolonged treatment 
with the higher dose killed almost all the (:ells 
(Table 3). 

DISCUSSION 

In this investigation we have examined 
three different cytostatic drugs, com- 
monly used in the treatment o[" human 
lymphoid malignancies, tbr their effects on the 
peripheral lymphocyte population in vitro 
as defined by cell viability and the expression 
of certain surface structures on the surviving 
ceils. Two membrane markers have t)een 
studied: (i) The SRBC receptor which is 
expressed t)\ T-cells 114] and (ii) the C'3 
re((pier  which is cxprcssed predominantly by 
B-cells [151. Since the T-ccll population is 
hetcrogenous with respect to its binding ca- 
pacity of SRBC, tests wcrc pertbrmcd to learn 
whether those with a high binding capacity, 

Table 1. l£/,,]ect o7 melphalan treatmenl ( f  humalz blood ()'mpkoc},tes on lke percenta&s, o/ 7~ and 
non- T-cells 

Dose o f  the d r u g  E-cells 
and  t ime  of  Exp. 

t r e a t m e n t  1 '2 3 

' kctivc" E-cells EAC-cel ls  
Exp. Exp. 

1 '2 3 ~ 1 2 3 t 

U n t r e a t e d  cells 60 69 68 75 95 50 32 56 '28 30 33 35 

o hr  50 60 64 65 34 ,52 3 t 50 16 I t  20 I t  16 ug/ml 
24 hr  52 59 60 60 30 60 33 49 I 3 10 1 '2 14 

32 #g /ml  2 hr  2)7 62 ,58 68 29 65 27 :59 15 15 16 12 

24 h r  65 53 52 62 20 48 27 50 6 7 6 7 

Four  expe r i men t s  us ing  l ymphocy t e s  f rom different donors  are prcscnted .  T w o  h u n d r e d  lymphocy tc s  
wcrc s c o r d  f',r each  d e t e r m i n a t i o n .  



Table 2. 

The Effect of Cytotoxic Agents on Lymphocyte Subpopulations 

Effect of adriamycin treatment of human blood lymphocytes on the percentages of T- and 
non- T-cells 

1037 

Dose of the drug 
and time of 
treatment 

E-cells 'Active' E-cells EAC-cells 
Exp. Exp. Exp. 

1 2 3 4 1 2 3 4 1 2 3 4 

Untreated cells 

2 ~g/ml 

4 bLg/ml 

2 hi" 

24hr 

2hr  

24hr 

67 60 68 58 25 39 32 34 38 28 35 34 

(i4 50 64 56 26 44 34 30 20 15 16 14 

56 56 58 50 30 30 31 35 15 14 18 10 

63 58 55 54 36 49 37 25 10 10 11 17 

52 50 58 48 32 38 38 30 6 4 4 7 

Four experiments using lymphocytes from different donors are presented. Two hundred lymphocytes 
were scored for each determination. 

Table 3. Effect of daunomycin treatment of human blood lymphocytes on the fiequencies of T- and 
non- T-cells 

Dose of the drug 
and time of 
treatment 

E-cells 'Active' E-cells EAC-cells 
Exp. Exp. Exp. 

1 2 3 4 " 1 9 3 4 1 2 3 4 

Untreated cells 67 70 62 75 40 36 30 41 38 35 38 30 

2 ffg/ml 2hr  40 42 26 53 35 38 16 23 10 12 13 16 

24hr 24 16 10 14 4 10 10 7 5 3 8 10 

4 l,g,/ml 2 hr 29 33 20 24 18 20 11 10 11 8 10 9 

24hr* . . . . . .  

*85 93"i~ of tile cells were dead, as assessed bv the trypan blue exclusion test. The rosettes were not 
counted. 
Four experiments using lymphocytes t}om dilt'erent donors arc presented. "lMo hundred l xmphocytes 
were scored for each determination. 

"~tctive" rosette |brming cells, differ from 
the entire SRBC-binding cell population. Thc 
"active" rosette forming lymphocytes are of 
interest to examine since they have been 
found to be more reactive against PPD and 
allogeneic ceils than T-cells with a low bind- 
ing capacity fbr SRBC [17]. 

It was observed that the doses and the 
exposure times of the lymphocytes to mel- 
phalan or adriamycin did not kill them to any 
detectable extent as defined by their exclusion 
of trypan blue. However, both drugs reduced 
the frequency of EAC-binding cells. The E- 
and "active" E-binding cells were more re- 
sistant to melphalan and adriamycin. 
Daunorubicin used in the same concentrations 
as adriamycin exhibited a dose- and time- 
dependent killing effect on the entire cell 
population. This drug reduced the frequency 
of both E- and EAC-binding cells. 

It is concluded that the expression of the 

C'3 receptor is highly sensitive to all thrce 
cytostatic drugs whereas the expression of the 
SRBC receptors is relatively resislant to mel- 
phalan and adriamycin. This rcceptor ap- 
peared to be sensitive to daunorubicin. The 
explanation for the differential sensitivity of 
the two receptors is unknown. Onc expla- 
nation could be that there is a general differ- 
ence in the sensitivity of the T- and B-cell 
populations. For instance, previous work has 
suggested that B-cells are more radiosensitive 
than T-cells [18]. It is possible that the DNA- 
repair of T-cells is more efficient than that of 
B-cells [19]. It is also possible that the first 
step in adriamycin's and mclphalan's action 
on lymphocytes is on membrane-associated 
DNA [20] which may lead to changes of the 
levels of cyclic nucleotides. Since adenylate 
cyclase synthesizing cyclic AMP resides in the 
external cell membrane [21] it is possible that 
changes in its activity may affect tile cell's 
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capac i ty  to synthesize and /o r  cxprcss rcccpuJrs 
fi)r S R B C  or C'3. I f  this is true, the present  
results indicatc  that  the lat ter  receptor  is more  
sensitive to decreased adenyla lc  cvclasc ac- 
tivity than  is the SRBC receptor.  

T h e  only chemical  ditt 'crence betxxecn a(t- 
r iamycin  and daunorul) ic in is a singtc h \ -  
droxvl g roup  on carbon 14 and both drugs 
have  similar pha rmaco log ic  characwris i tcs  
and toxic(tics, l )cspitc thesc similarities the izt 
~,#ro ell'eels of  thcsc drugs on lymphocytcs  
wcrc dilt~wcnt. T h e  reason tbr thcsc diit 'crcm 
ett'ccts is unclear  but pha rmaco log ic  th, ctors 
such as the ul)takc of thc drugs in thc cells 
and their c apa ( i t y  to metabol ize  them ma \  I)c 

impor t an t  in explaining the pronounccd  kill- 
ing clI},'cl of  daunorub ic in  in compar ison to 
adr iamvcin .  Fur the rmore ,  this observat ion 
m a y  be of signilicance in the context of  the 
clt'ectivcness of  daunorul) ic in  in the trcatlHCllt 
o[" acute leukcmias. 

At prcscnt wc do not know whcther  thc 
sensitivity of  lymphoid  cells in r,ih< as dc- 
scribed in this article, correlates to their in ~:ie,o 

sensitivity to cytotoxic drugs. Possil)ly~ how- 
cvcr. this lncthod may  t)(: usef'ul in the 
screening o{" %tosta t ic  drugs which arc ac t i \ c  
against  h u m a n  l ) m p h o i d  mal ignancics  which 
li 'cqucnlly i)()sscss the m e m b r a n e  rcccplors 
s1 udicd .  
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