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Hormones and Immune Responsiveness 
Chronic Lymphocytic ieukemia 

HELE EVERAUS 

Medical Faculty, University of Tartu, Tartu, Estonia 

Chronic lymphocytic leukemia (CLL) is a B cell disorder with multiple abnormalities in T-cell 
function. The status of the immune system will depend to  some extent upon the net effect of 
the changes in the equilibrium of various hormones. In order t o  investigate the association of 
the defects in the cellular immunity and hormonal dysregulation in CLL, studies were 
performed in 130 CLL patients with that disorder. Decreased lymphocyte proliferation in 
response to  mitogen stimulation appears to  be an early event in C L L  pathogenesis and is not 
always influenced by the clinical stage of the disease o r  the specific treatment. The dysfunction 
of T-lymphocytes was accompanied by increased serum cortisol (C) concentrations. Elevated 
levels of follicle stimulating hormone (FSH), luteinizing hormone (LH), 17 8-estradiol (E) and 
testasterone (T) ratio were found in male C L L  patients, but not in female patients. 

In view of our findings, it is conceivable that there are a number of disturbances in the 
lymphocyte-microenvironmental regulation, which may be responsible for immuno-hormonal 
imbalance in some patients with CLL. 

K E Y  WORDS: Cellular immunity hypothalamo-pituitary-adrenal axis sex hormones 
chronic lymphocytic leukemia 

INTRODUCTION 

Chronic lymphocytic leukemia (CLL) is the most 
common lymphoproliferative disease among the 
elderly. The disease is accompanied by multiple 
abnormalities of the immune system, including 
hypogammaglobulinaemia', and alterations in T cell 
phenotype and function2-'. 

As the complexity of immune system has become 
increasingly clear, it is apparent that it interacts with 
other systems, particularly the endocrine and nervous 
systems. A growing body of evidence has accumulated 
and shown that hormones can modulate immune 

Addreys for correspondence: Hele Everaus, MD., Associate 
Professor, Medical Faculty, University of Tartu, 18 Ulikooli Str.. 
Tartu EE 2400. Estonia (via Helsinki). 

. 

system functions'. One  hormonal complex which 
exerts profound influences on the immune system is 
that of the hypothalamic-pituitary-adrenal cortical 
axis (HPA)639, while significant effects on the immune 
system are also mediated by sex steroids". 

However, to the best of our knowledge the 
possibility that the immune defects and hormonal 
dysregulation seen in C L L  could be interrelated has 
not been previously considered. 

This study was undertaken with the aim of 
clarifying whether the defects in cellular immunity of 
CLL patients are accompanied by hormonal imba- 
lance. Comparative studies were performed in 
different clinical stages of CLL defined according to  
Rai rt ul. and the results obtained in untreated CLL 
patients were compared with those obtained from 
treated CLL patients who had received specific 
therapy. 
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484 H. EVERAUS 

MATERIALS AND METHODS 

Patients 

One hundred and thirty patients with CLI, (mean age 
62.9 & 8.7(M f SD)) were included in this study. The 
diagnosis and staging of CLL were established by 
standard clinical criteria I ,  according to the clinical 
staging systcni o f  Rai ct t i / .  I I .  Forty five patients had 
stage I ,  48 stage I 1  and 37 stage J I I  + IV. Thc 
male:female was 15:l I .  Fifty six patients had not 
received any treatment prior to  the study, whereas 74 
had been treated with cytotoxic agents. Informed 
consent was obtained from all patients prior t o  entry 
into the study. Twenty nine age and sex matched 
normal subjects, taking n o  medications, served a s  
con t r 01s. 

Lymphocyte proliferation 

Heparinized blood (20 ml) was obtained by veni- 
puncture at 9 a.m. Lymphocyte response to  mitogen 
stimulation is a direct measurc of in vitro lymphocyte 
activity and a correlate of cell-mediated immunity. In 
order to approximate morc closely the natural 
biologic milieu, we used an optimized whole blood 
method to study the mitogenic lymphocyte prolifera- 
tion”. Cells were suspended in RPMI-1640 and 
adjusted to  a final concentration 1.0 x 10‘ cells/ml. 
The cells were cultured in the presence of medium 
alone (control) or phytohemagglutinin (PHA-Difco, 
100 &ml) or concanavalin A (Cona-Sigma, St. 
Louis, 5.0 pg/ml). All cultures were incubated at 37 C 
in a humidified 5 % )  CO, atmosphere for 84 hours, 
pulsed with ‘H thymidine. Proliferation was measured 
by 3H thymidine uptake during last 16 hours of 
culture. Autoradiographic and morphologic assess- 
ment of proliferating cells was used. Results were 
expressed in mean stimulation index = mean YO of 
proliferating cells with PHA (or Con A)/mean %I of 
proliferating cells without mitogens (control). 

Hormones 

Plasma adrenocorticotropic hormone and serum 
cortisol, follicle stimulating hormone, lu tei niting 
hormone, testosterone and 17 /j-estradiol concentra- 
tions wcre determined by a radioiinmunoassay ’~ I ’. 
The following radioiinmunoassay kits were used: 
ACTHK-PR from ORIS Jndustrie S.A.; ELSA 2-FSA 
and LH from ORIS Industrie S.A.; STER0N-Ki2’-  
I-M Minsk; STERON-K’”-I-M Minsk; STERON- 
T’25-1 Minsk. 

Statistical Methods 

The data reported in the tables were analysed by the 
paired T test. Significance was considered t o  be at P 
0,05, hu t  in many situations lower I’ values were 
obtained as described. 

RESULTS 

Lymphocyte proliferation in response to PHA and 
Con A 

Tables I and 2 reveal PHA and C o n A  rcsponsiveness 
o f  CLL peripheral blood lymphocytcs (PHL) com- 
pared to  healthy persons. The proliferative response 
of CLL PBL to PHA and Con A was significantly 
lower than in controls. Depressed PBL proliferation 
to PHA and Con A have bccn evaluated already in 
early stages of CLL (Table 1). Interestingly no 
statistically significant changes in PBL proliferation 
to mitogens were found in the different clinical R a i  

Table 1 Mitogen stimulated prolifci-;itivc response of 
peripheral blood lymphocytes. 

P l l A  C’oiiA 

Control 8.15 + 7.63 7.47 2 7.9s 
C1.L 3. I 0  f 3.96 3.75 f 5.55 

p = 0.000 

p = 0.000 

p = 0.009 

p = 0.07 

Con t ro  I 8.15 f 7.63 7.47 f 7.05 
CLL I UTr  3.3 f 4.03 4.49 6.72 

3.23 It_ 4.32 3.86 & 6.31 (’LL I 
C1.1, I I  3.16 f 1.43 3.68 * 5.26 
C L L  I l l  3.10 i 4.28 3.70 * 5.04 

N o  Statistically significant 
differences 

Table 2 Mitogen stimulated prolifcrative response of 
pcripheral blood lymphocytes in treated (Tr )  and  untreated 
( U T r )  C L L  patients. 

PH.4 CoriA 

CLL I T r  2.04 i 2.64 
CJ-L I UTr 3.36 f 4.93 

p = 0.76X 
3.24 k 3.75 CLL I 1  Tr 
2.95 f 2.55 C L L  I 1  UTr  
p = 0.797 

CLL I l l  Tr 2.85 4.79 
CLL I I I  UTr  3.76 f 2.62 

p = 0.572 

~ 

2.78 f 2.72 
4.34 i 7.38 
p = 0.448 
3.23 f 3.94 
4.77 * 7.66 
p = 0.361 
3.38 * 5.79 
4.54 * 2.15 
p = 0.547 
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H O R M O N E S  AND CELLULAR IMMUNITY I N  CLL 485 

stages of CLL. PHA and ConA induced proliferation 
was similar in both treated (Tr) and untreated (Trj 
CLL groups (Table 2). 

Table 4 

f l o , . l l l o l l c ~  Mctrn i SD 

Serum hormones in early stage CLL. 

Hormones 

A titw l o  cor t ico tropic h o rt I i o i w  t i  nd ('o I' t iso/ 
Mean plasma ACTH levels were within the normal 
range in CLL patients, whereas cortisol levels were 
significantly higher in the letter group (Table 3). 
Higher C values were found in stage I CLL patients 
(Tables 4. 5 )  but there were no significant differences 
in C and ACTH concentrations between the treated 
and untreated CLL patients (Tables 6, 7, 8). 

Follicle stimulating hormone, luteinizing hormone, 
testosterone and 17 pestradio1 

Values of circulating serum levels of FSH, LH and E 
in  men (M)  with CLL were significantly higher than 
in healthy men (Table 3). However, there were no 
significant differences in  FSH, LH, E and T mean 
concentrations when women (W)  with CLL were 
compared with the control groups. The E : T  ratio was 
considerably higher in men with CLL, and the highest 
values were found in the stage I patients (Table 5).  
Jnterestingly 17 /j-estradiol average concentration in 
female patients with stage 111 CLL was significantly 
lower than in the stage I and 11 CLL patients, a s  was 
the E:T ratio (Table 5) .  Male CLL patients 
demonstrated increased FSH, LH and E levels in the 
early stages of CLL (Table 4). 

Data of serum levels of FSH, LH, E and T i n  treated 
and untreated CLL patients are given in Tables 6, 7 
and 8. The only difference in the stage I was the higher 

Table 3 Serum hormones in C L L  patients 

ACTH (ng'ml) 
c (nmol I )  
kSH (nmol I )  M 

W 
1.H (nnici1,l) M 

W 
T (nmol I )  M 

W 
E (pmol I )  M 

W 
E T  M 

W 

32.50 f 23.89 
780.70 k 472.20 

22.37 * 13.24 
44.09 f 26.84 
17.48 f 9.80 
32.14 * 22.72 
14.93 i 12.56 
2.50 i 4.19 

IX5.87 f 124.07 
199.35 & 188.86 

17.62 9.14 
115.65 f 121.11 

38.10 * 45.76 
425.60 170.08 

2.47 f 1.06 
35.83 f 14.39 

3.23 f 1.24 
35.56 _+ 14.49 
19.20 9.12 

1.94 i 0.70 
108.38 * 39. I3 
217.16 f 107.15 

8.86 * 6.X 
I 3  1.29 f 8 1 .OX 

0.371 
0.000 
0.000 
0 273 
0.000 
0.596 
0.2 16 
0.620 
0.020 
0.60 1 
0.003 
0.650 - 

ACTH (ng,ml) 
C (nmol I )  
FSH (nmol,l) M 

W 
L H (nniol/l) M 

W 
T (ntnol,'l) M 

w 
E (pmol I )  M 

W 
E T  M 

W 

33.36 f 30.9X 
860.19 f 473.82 

16.72 f 17.94 
54.36 i 40.26 
14.62 f 13.52 
39.94 & 5.09 
15.71 7.56 

1.94 f 0.83 
200.21 * 133.68 
172.97 f 141.49 

17.76 f 12.20 
101.27 f 101.99 

38.09 * 45.76 
425.59 f 179.08 

2.44 f 1.06 
35.83 f 14.39 

3.23 f 1.24 
35.56 k 14.50 
19.20 f 9.12 

1.94 f 0.70 
10X.38 i 39.13 
227.16 f 107.15 

X.X7 6.09 
131.29 * 81.08 

0.608 
0.000 
0.004 
0.1 14 
0.002 
0.669 
0.184 
0.988 
0.013 
0.258 
0.040 
0.390 

T value of treated male patients compared to 
untreated male patients. In stage I 1  treated male 
patients demonstrated higher FSH, LH and lower T 
values and higher E to T ratio as compared t o  
corresponding untreated group (Table 7). In stage 111 
C L L  no differences in mean values of the hormones 
were found between both treated and untreated 
groups (Table 8). 

DISCUSSION 

The present findings showing that PHA and Con A 
induced lymphocyte stimulation is reduced in CLL 
patients demonstrated that the functional capacity of 
the T lymphocyte, the primary immunocompetent 
cell, is altered in CLL. This is in agreement with many 
previous studies" j 9 .  Interestingly lymphocyte prolif- 
eration to mitogens in CLL is not  influenced by the 
clinical stage of the disease and markedly depressed 
cellular immunity has already been demonstrated in 
the early stages of CLL. Similarly, Platsoucas ct d.' 
and Mittenham r t  t i / . 2o  have not noted any 
correlation between abnormalities in the T cell 
population and the clinical staging system defined 
according to Rail I .  The underlying mechanism for 
disordered T cell function in CLL is still unknown. 
However, defective CLL T cell proliferation has been 
related to at least 3 factors: defective CD3 membrane 
antigen expression, decreased endogenous interleukin 
2 (IL2) production and suboptimal response to 
exogenous 1L221.". 

Until now possible hormonal influences on the 
immune system in CLL have not been taken seriously 
into consideration. Our  findings provide some 
evidence for some hormonal changes in CLL. 
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486 H. EVERAUS 

Table 5 Serum hormones in different stages of CLL. 

fformone Mrcm f SD 

CLL I CLL I I  CL‘L 111 

ACTH (ngiml) 
C (nmol/l) 

FSH (nmol/l) M 

W 
LH (nrnol/l) M 

W 
T (nmol/l) M 

W 
E (pmolil) M 

W 

E/T M 

W 

33.17 f 21.42 29.52 k 19.37 35.49 & 35.40 
935.45 f 480.56 691.89 k 456.68 724.63 f 452.32 

18.83 f 21.39 21.38 f 8.36 27.47 f 8.99 

44.77 f 17.73 38.63 f 20.06 47.96 k 37.82 
17.74 f 16.35 16.97 k 7.07 
32.27 f 14.92 29.96 & 23.35 33.81 f 28.97 
16.15 f 8.78 17.28 f 16.59 9.51 f 3.94 

p = 0.018 

p = 0.02 

18.14 f 6.01 

p = 0.05 
3.91 f 7.03 1.81 f 0.93 1.76 f 0.62 

242.85 f 156.66 178.75 f 107.52 133.98 k 46.31 

330.78 f 255.1 1 172.19 & 98.38 91.89 + 45.89 

21.30 & 18.00 13.76 +_ 8.51 19.72 f 29.90 

173.82 f 164.70 112.40 f 92.00 60.35 -f; 51.15 

p = 0.005 

p = 0.005 

p = 0.05 

Table 6 Serum hormones in stage I CLL. treated (Tr) and Table 8 Serum hormones in stages I l l  (111 + IV) CLL in treated 
untreated (UTr) patients. (Tr) and untreated (UTr) patients. 

ACTH (ng mi) 
C (nrnolbl) 
FSH (nmol,I) M 

W 
1.H (nmol I )  M 

W 
T(nmoI1)  M 

W 
E (prnol I)  M 

W 
E T  M 

W 

26.67 i 19.06 
856.60 i- 550.94 
22.10 & 1.41 
42.24 f 13.48 
23.75 f 0.64 
31.17 k 16.06 
29.50 & 0.71 
4.82 f 8.28 

391.00 k 4.24 
339.68 & 293.39 

13.00 k 0.60 
163.42 f 181.39 

36.57 * 22.19 
977.90 f 446.50 

18.39 i 22.83 
49.83 f 24.96 
16.93 k 17.31 
34.50 f 13.43 
14.67 f 7.93 
1.72 f 0.52 

226.39 & 156.72 
309.39 + 151.149 
22.22 i 18.84 

198.80 f 130.08 

0.199 
0.454 
0.826 
0.408 
0.596 
0.669 
0.0 I9 
0.425 
0.164 
0.832 
0.508 
0.700 

ACTH (ngjml) 
C (nrnol,l) 
FSH (nmoljl) M 

W 
LH (nmol I) M 

W 
T (nmol’l) M 

W 
E (pmol’l) M 

W 
E , T  M 

W 

32.27 f 18.21 
667.22 f 418.84 
29.15 f 8.27 
35.17 2 16.47 
18.95 & 6.14 
26.79 f 12.45 
9.25 f 4.18 
I .76 f 0.79 

125.07 f 78.70 
106.06 k 56.06 
20.53 f 32.80 
73.40 63.99 

42.90 f 49.76 
873.90 f 523.90 

19.07 f 9.05 
68.04 2 53.19 
14.13 k 3.67 
44.84 & 43.44 
10.83 f 2.55 
1.74 f 0.18 

178.53 rt 92.73 
71.64 f 13.83 
15.67 _+ 6.03 
41.71 k 12.10 

0.371 
0.224 
0.075 
0.07 
0.215 
0.207 
0.541 
0.947 
0.310 
0.136 
0.806 
0.2 19 

Table 7 Serum hormones in stage I 1  CLL treated (Tr) and 
untreated (UTr) patients. 

~~ - 

CLL Tr Control P 

ACTH (ngjrnl) 
C (nmol I) 
FSH (nmol I) M 

W 
LH (nrnol I )  M 

W 
T (nrnol I )  M 

W 
E (pmol,I) M 

W 
E ‘T M 

W 

33.73 i 18.95 
725.55 f 471.26 

24.27 f 6.46 
40.42 k 19.59 
19.15 f 6.49 
28.24 f 22.75 
16.37 i 18.95 
1.57 f 0.52 

189.91 i 118.05 
169.73 f 101.17 
15.76 f 8.79 

121.08 f 100.08 

12.21 f 8.76 
593.73 k 414.19 

1271 f 7.59 
31 47 i 3.30 
10.45 f 4.28 
36.83 f 29.69 
19.89 i 6 4 0  
2.77 & 1.70 

149.45 f 66.83 
182.00 f 106.16 

8.50 f 5 15 
77.67 f 38.80 

0.004 
0.394 
0.000 
0.509 
0.00 I 
0.588 
0.614 
0.041 
0.375 
0.855 
0.037 
0.485 

Significantly increased cortisol levels in CLL patients 
may have serious effect(s) on cellular immunity. The 
association of higher cortisol levels and decreased 
lymphocyte mitogen reactivity is consistent with a 
number of studies reporting suppression of immune 
process by corticosteroids”. By an  unknown 
mechanism, helper T cell function is preferentially 
affected, while suppressor T cell function remains 
intact24. As glucocorticoid effects on different classes 
of lymphocytes and various immunologic reactions 
are diverse” 2 7 ,  their physiological role in influencing 
immune responses under varying conditions may not 
simply be in the direction of global suppression. 
Almost any kind of threat to  homeostasis or  stress 
will cause plasma glucocorticoid levels to  rise, and 
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HORMONES AND CELLULAR IMMUNITY I N  CLL 487 

increased plasma cortisol levels have been detected in 
the past during the course of immune responses’8,2’. 
Del Rey r t  U I . ~ ~ )  have shown that fluctuations in 
endogenous levels of blood glucocorticoids are 
relevant the the continuous endocrine surveillance of 
the immune cell network. 

One hormonal complex which exerts profound 
influences on the immune system is the hypothalamic- 
pituitary-adrenal (HPA) cortical axis”’, the final 
product of which are glucocorticoids. The latter are 
crucial mediators of endocrine-immune interactions. 
Cortisol exerts a negative feedback control on the 
secretion of peptides from the HPA and the immune 
system. The HPA axis is activated by immunological 
challenge by tumor cells for example. The interactions 
between the immune system and the HPA axis are 
extremely complex, and, as yet, the role of these 
interactions is not fully understood. I t  is conceivable 
that by impeding a cumulative excessive expansion of 
lymphoid and accessory cells, this circuit (HPA) plays 
a role in preventing lymphoproliferative diseases. 
Imbalances in the immune-HPA axis may be involved 
in disease state. Interestingly both during the early 
phase of tumor growth and the immune response to 
antigens an increase in cortisol occurred. As far as our 
results are concerned, the highest levels of cortisol 
were already reached in the early stages of CLL. I t  is 
also notable that ACTH concentration is not 
down-regulated by high cortisol levels in CLL 
patients. it seems evident that there is dysregulation 
at  the level of the HPA axis or  the HPA-immune 
circuit, which may be involved in the pathogenesis of 
CLL. As demonstrated by Blalock et ACTH can 
also be produced by stimulated l y ~ n p h o c y t e s ~ ~ .  Those 
findings strongly suggest the presence of an  immuno- 
adrenal axis in which lymphocytes serve as a sensory 
function for stimuli such as tumor cells. We cannot 
exclude the participation or  interference of this axis 
in the lymphoproliferation observed in CLL. ACTH 
also has a potential immunoregulatory function such 
as suppression of the antibody response by blocking 
T helper cell signals”. 

The data arising from the studies presented here 
indicate that dysbalance of sex hormones is present 
specially in male CLL patients. Higher levels of FSH, 
LH and E have also been detected in early stages of 
CLL. When female CLL patients were compared with 
the control group in respect to sex hormones, no 
significant changes were found. It is known that 
women with C L L  have better prognosis than men 
with the same disease”.35. Thus we can only 
hypothesize that the imbalance of sex hormones in 

male CLL patients, because of the interference they 
cause in immune regulation, may in part be 
responsible for these differences. Accumulating data 
suggest that sex hormones exert a marked effect on 
events involved in the immune response36, and T 
lymphocytes seem to  be the primary target for sex 
hormone action. Sex hormones markedly modulate T 
cell mediated delayed-type hypersensitivity reac- 
t i o n ~ ~ ~  39, and may suppress the T lympho- 
cyte proliferation stimulated i n  cultures by 
mi tog en^"^^^^^^. Studies in humans revealed that 
estrogen receptors (ER) are present o n  OKT-8 
positive cells which have suppressor-cytotoxic func- 
t i o n ~ ~ ~ .  In this respect the results of studies concerning 
the estrogen receptor status of CLL patients are 
discrepant: Dane1 et NI.‘~ and Z a n i b ~ n i ‘ ~  have 
demonstrated significant ER activity in CLL patients, 
whereas Melo et ~ 1 . ‘ ~  suggested that ER are rarely 
expressed on lymphocytes from patients with regular 
CLL. Thus i t  is difficult to conclude that ER 
expression plays any role in the pathogenesis of CLL. 
Returning to the T suppressor cells, it has been 
demonstrated, in vitro, that estrogens inhibit or 
deplete their functional a ~ t i v i t y ‘ ~  while male sex 
hormones maintain these functions. Another mechan- 
ism of the sex hormone action is the modulation of T 
lymphokines, IL2, and ;$-interferon. Sex hormones 
modulate IL2 activity, and androgens, for example, 
maintain this a ~ t i v i t y ‘ ~ , ~ ~ .  It is not known precisely 
how sex hormones affect IL2 production, nevertheless 
manipulation of IL2 levels by sex hormones can 
profoundly alter immuno-competence. Sex hormones, 
for example, may influence the qualitative functions 
of lymphocytes by direct action on  the DNA of the 
lymphocytes, and autoradiographic studies have 
revealed that3 H-testosterone is incorporated into the 
nucleus of human  lymphocyte^^^. 

Although estrogens and androgens have been 
reported to  be both immunoinhibitory and immuno- 
stimulatory, mainly they suppress the cell-mediated 
immunity. However, it is possible that estrogens and 
androgens do not necessarily suppress the same 
lymphocyte populations. It is more plausible to  
suggest that the estrogen t o  androgen ratio may 
determine whether the circulating hormones will be 
immunostimulatory or  i m m u n ~ i n h i b i t o r y ~ ~ .  In the 
case of CLL male patients only the E to  T ratio is 
significantly increased, perhaps with a corresponding 
effect on  immune reactivity and  indirectly through this 
on  the pathogenesis of disease. 

In summary, we conclude from our data that: ( 1 )  
CLL patients exhibit profound deficiency of cellular 
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488 H .  EVERAUS 

immunity, which is not significantly influenced by the 
clinical stage of the disease or  the specific treatment; 
(2) Defects in the immunoregulatory circuit integrated 
at the level of the hypothalamo-pituitary-adrenal 
cortical axis are present in CLL a s  demonstrated by 
the recorded values of ACTH and cortisol; ( 3 )  In male 
CLI. patients significantly higher FSH, LH, E 
concentrations and an elevated E:T ratio are evident. 
These may possibly partly mediate the immune 
dysfunction. 

These results are open to several interpretations. I t  
seems evident from the above data that the 
abnormalities of the immune system observed in CLL 
may be connected with an imbalance of endocrine 
regulation. However, present knowledge about the 
interrelation of the immune and neuroendocrine 
systems is probably still very superficial. A better 
understanding of the immune and neuroendocrine 
circuits may provide new insights into the patho- 
physiology of CLL, lymphoproliferative diseases in 
general and perhaps other tumors a s  well. Such new 
information may well lead to  many new diagnostic 
and therapeutic regimens, in the future. 

A ~ ~ ~ i i o ~ c . / e d ~ / r i i i r , l r s  

Hiir, J .  Lehtmaa and M. Hein for their technical assistance. 
The author  cxprcssea her thanks to Drs. V. 

REFERENCES 

I 

1 -. 

3 .  

4. 

5.  

0 

7. 

X .  

Chandra, P., C'hanun, A.  I)., Chikkappa, G. and Cronkitc, 1 .  
P. (1977) Chronic lymphotic leukemia: concepts and observa- 
tions. Blood Ce//,s. 3, 637 641. 
Chiorazzi, N., Fu ,  S. M., Montazeri, G., Kunkcl,  H.  G., Rai. K. 
and Gee. 'T. (1979) T cell helper defect in patients with chronic 
lyrnphocytic leukemia. J o t i i x d  c!f'/tnr,?ziiio/o!/l,, 122, 1087 .1090. 
Kay, N.  E. (1981) Abnormal T-cell subpopulation function in 
CLI.. Excessive suppressor (T gamma) and deficient helper (T 
m u )  activity with respect to H-cell proliferation. Hlood. 57. 
418 421. 
Hnn, T.. Bloom, M. L., Dadey, R., Bennett, G., Minowada, J.,  
Siindbcrg, A .  A .  and Ozser, H. (1982) Lack of ;iutologous mixed 
lymphocyte ruiction i n  patients with chronic lymphocytic 
leukemia. Blood, 60, 1075-1081. 
Platsoucas, C. I).? Galinski, M., Kempin, S., Reich, L., Clarkson. 
B. and  Good,  R .  A.  (1982) Abnormal T-lymphocyte 
wbpopularions i n  patients with H-cell chronic lymphocytic 
leukemia.: a11 analysis by monoclonal antibodies. Jorii.titr/ of 

Foa. R., 1,auria. F,. Lusso, P., Giubellino, M .  C . ,  Fierro. M .  T.. 
Fcrrando. M. L., Uiispadori. D. and Matera% L. (19841 
Discrepancy between phenotypic and functional features 01 
natiiral killer T l y m p l l ~ c y t e s  In B-cell chronic lymphocytic 
leukemia. Brifi.th .Jorirtiti/ of I I i r ~ ~ t ~ i ~ r ~ ~ ~ l ~ ~ ~ ~ I ~ ,  58, 509 5 13. 
Cohen, J. and Crnic, L. S. (1982) Immunopharmaco lo~y  and 
the regulation of leukocyte function. edited by D. U.  Webb. 
p. 61, Ncw York: Marccl Dckkcr Inc.. 
Gisler, R. 11.  (1974) Stress and the hormonal regulation of thc 
I 111 in LI ne recponse in 111 ice. P.vjr,lio /Iicr(rpj, rn id  P.s~,~~l io.coi i i t i / i (~ .v.  

23. 197 208. 

/ i l ~ ~ l ~ ~ ~ l ~ ~ ~ / ~ J ~ ~ ~ ' .  129, 230.5 23 12. 

9. Riley, V .  ( 1981 ) Psychoneuroendocriiie influences 011 immuno- 
competence and ncoplasia. A"wp/t~si(r 212. I 100 1 109. 

10. Grossman, Ch.  J. (1984) Regulation of the immune system by 
sex steroids. Bztloc.riizc~ Rer~icw.s, 5,  435 455. 

1 I .  Rai. K. R., Sawitski, A,, Cronkite, E. P., Chanana,  A. I).,  I x v y ,  
R .  N. and  Pas t e rnxk ,  B. S. (1975) Clinicid staging of chronic 
lympliocytic leukemia. B ~ J ( J L / .  46, 219 234. 

12. Elves, M. W., Roath, S and Israelis. M.  C. (1963) Thc response 
of lymphocytes to antigen challenge i n  vitro. L r r t r w / .  I .  806 807. 

13. Gross, H. A,, Ruder, H. J . ,  Brown, K. and  Lipsett, M. B. (1972) 
A radio-immunoassay for plasma corticosterone. .S/cwitlv. 20. 
6x1 695. 

14. Berson. S. A.  and Yalow, K. S. (1968) Radioin11nuno;issay of 
ACTH in plasma. Joirrirnl o/' CIiitiwil / / t t , r , , s / / ~ / ( i / i [ ~ i f ,  47. 
2725 2730. 

15. Roseniberg. E. (1979) Immunoactivity of standards wid 
reference preparations used in the r;idioimmtinoassay of folliclc 
stimulating and luteinizing hormoncs i n  serum. Joirrntd o/ 
~ ~ i ~ / ~ J r - r i t r o / o ~ j ~ ' ,  48, I63 166. 

16. Utsinger, P. D. (1975) Impaired T-cell transformation in chronic 
lymphocytic leukemia (CLL.): a demonstration of a blastogen- 
esis inhibitory factor. B/ood, 46, X83 887. 

17. Smith. 1. B., Knowlton, K. P. and Koons, L. S. (1977) 
Immunologic studies on chronic lymphocytic leukemia: 
defective stimulation of T-cell proliferation in autologous mixed 
lymphocyte culture. Jorrrnrtl of Ntrrionrrl Ctttiwr /n.s/i/rr/c,,  58, 
579 585. 

18. Wolos, J.  A. and Darcy, F. U .  (1979) Depressed stimulation in 
leukemia failurc to demonstrate a suppressor cell. ( ' / inic.tr /  
l i i t i i i rntoloqj~ tint1 Ir i i i~i irnoptrt l iolo~i~~, 14, 77 X5. 

19. Kay, N. I-:. and Kaplan, M. E. (19x2) Rc1;itionship in chronic 
lymphocytic leukemia between T-cell dysfunction and defection 
expression of T-cell membrane antigens. Blood. 6O(Suppl.). 
1 l 3 A .  

20. Mittelman, A,, Denny, T.. Gcbhard, I).. C'irrincione, C., 
Kurland, E. and Koriner. 8. (1984) Analysis of T-cell subset\ 
in B-ccll chronic lymphocytic leukeini i correlation with thc 
atage of the discase. Anwri(,tri7 J ~ ~ r c r r r t ~ l c ~ / ' H r t i r t r / o l o ~ ~ ~ ~ ,  16. 67 73. 

21. Kay. N. E. and Kaplan, M. E. (1984) Defective expression of 
T-cell antigens in chronic lymphocytic leukemia: relationship 
t o  T-cell dysfunction. Britisli Joiirntrl of / / t i r ~ t i i t r i o l o ~ ~ ~ ~ ,  57. 
105 1 1 1 .  

22. Kay, N.  E. and Kaplan, M. E. (19x6) Defective T-cell 
responsiveness in chronic lymphocytic leukemia: :in;ilysis of 
tictivation events. Blood, 67, 578 581. 

23. Stein, M., Schlyer, S. J .  and Kellcr, S. E. (19x1) Hypothalamic 
influcnccs on  immune responses. In Psychoneuroimmunology, 
edited by R .  Ader, pp. 449 474, New York: Academic Press. 

24. Munck, A, Guyrc, P. M .  and Holbrook. N.  J .  (1984) 
Physiological functions of glucocorticoids in stress and their 
relation to pharmacological actions. Eirt/oc~r.inr, R r ~ i c ~ , . s .  5, 
25 44. 

25. Segnl, S., Cohen, I .  R. and Fcldman. M .  (1972) Thymus-derived 
lymphocytes humoral and reactions distinguished by hydro- 
cortisone. S(,icnc.i, ,  175, 1 126GI 128. 

26. Fiiuci, A. (1976) Mechanism of  corticosteroid action oti 
lymphocyte subpopulations. 11 Differential etlccts of in v ivo  
hydrocortisone, prednisone and dexamcthasone on  the in vitro 
expression of lymphocyte function. C'/inic.tr/  t in t /  E q ~ ~ ~ i ~ i t n ~ ~ t t / t r /  

27. I.ee, K.-C. (1977) Cortisonc i is  a probe for ccll interactions in  
the gcncration of cytotoxic T cclls. Jorirticrl ~ J / ' l t i i t i t t ~ t t o / ~ ~ ~ ~ ~ ~ ,  119. 
1836 1845. 

2X. Besedovsky, H. ;ind Sorkin. E. (197.5) Changes in blood 
hormone levels during the immune response. Proc.cwt1iiy.v (![flit 
.Sor,i i>/j ,  j i i r  ~.'.\-/ir,riiiic,nt(r/ Rio/oqj, tint/ Mrrlic~inc,. 1 50. 466 ~ 470. 

29. Shck, I-'. V. and Sabiston, H. H. (10x3) Neuroendocrinc 
regulation of immune processcs. changc i n  circulating 
corticostcronc levels induced by the primary antibody-response 

~ i l J i i i t l t i O / ~ J ~ / , l ' ,  24, 54 62. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 1
6:

16
 0

6 
N

ov
em

be
r 

20
15

 



H O R M O N E S  A N D  CELLULAR I M M U N I T Y  I N  CLL 489 

in mice. fntc~rn~rrionti/ J o n r n d  of / I ~ J I ~ I ~ I I ~ ~ ~ ~ ~ / J ~ I ~ I I J ~ ~ ~ ~ O / ~ ~ ~ ~ ~ ~ .  5 ,  
23 33. 

30. del Rey. A.. Bcsedovsky, H. 0. and Sorkin, E. (1984) 
Endogenous blood levels of cnrticostcrone control, the 
immunological cell mass and B cell activity i n  mice. Jorir/rtr/ 1?/' 

~ I I I / ~ J I I I ~ ( I / ~ I [ / ~ , .  133. 572 575. 
31. Blalock. J. E., Harbour-McMen;imin, D. ;tnd Smith, E. M. 

(1985) Pcptide hormones sharted by the ncuroendocrinc system. 

32. Blalock. I .  E. and Smith, E. M. (1985) A complete regulatory 
loop between the immune and the neuroendocrine systems. 

33. Johnson, H. M., Toi-res. B. A,. Smith, E. M., Dion, L. D. and 
Hlalock. J. E. (1984) Regulation of lymphokine (;,-interferon) 
production by corticotropin. Joi i rnd  o/' ~ ~ ~ ~ I J J I I ~ ~ ( I I ~ ~ ~ / ~ , ~  132, 
246- 24x. 

34. Ycv-Tsu, N.  Lee. (1084) Better prognosis of many ciinccrs in 
feninlc: ii phenomena not explained by study of steroid 
receptors. Jo~tr / i t i /  of '  Surcqiccil Onc~oloc/v. 25, 255 -257. 

35. Catovsky, D., Fooks. J. and Richards, S. (1989) Prognostic 
factors in chronic lymphocytic leukemia: the importance nf age, 
sex and response to trcatmcnt i n  survival. Bri/i.~h Joirrncil ( J / '  

I f r r c ~ 1 ~ 7 t i t ~ 1 l o ~ ~ ~ .  72, 141 147. 
36. Wyle. F. A. and Kent, J. R .  (1977) Immunosuppression by sex 

steroid hormones. G"nii~n/ t in t /  E.\-perGjt(wtii/ / r i i n i r 4 w o / t ~ ! / ? , .  27, 
407 415. 

37. Gi-aK R. J. ,  Lappc, M .  A. and Snell, G .  I). (1969) The  influence 
of the gonads and adrenal glands on the immune response t o  
skin graft. Trtiii.s~~liiiitiitiolr, 7, 105~  1 1  I .  

38. C'astro, J. E. (1974) Orchidectomy and the immune response. 
1 1 :  Response of orchidectomized mice t o  antigens. f r o w c , t / i n ~ / . s  

39. Frey-Wettstein, S. and Craddock. C. A.  (1979) Testoqterone 
induced depletion of thymus and marrnw lymphocytes as 
related to lymphopoiesis and hematopoiesis. Rloorl. 35, 
2 5 7 ~  271. 

40. Mendelson, J., Multer, M. M. and Bernheini, J. L. (1977) 
Inhibition of human lymphocyte stimulation by steroid 

. / l ) i l f ' l l i l /  1 /  f ~ l 7 l 7 l l l f 7 l J / O ~ / ~ ~ ,  133 SUPpl.), X S X S - 8 6  I S. 

f . i&rt imr f I Y I W ~ Y / ; I J { / . S .  44. 1 OX - 1 I I .  

O/  the, Ro\'N/ S(IC~P/J, O/ h / ? t k J / ?  ( B ~ o / o < / J ) .  185, 437--451. 

hormones: cytogenetic mechanisms. C'/inic,~i/ t in t /  E.vptvinicw/iil 
/ f i ~ f i i i f 1 7 i ) / i 1 c / ~ , .  278, I27 132. 

41. Clcmcns. L. E., Sittcri, P. K .  and  Stites. D. P. (1979) Mechanism 
of immunosuppression o f  progesterone on maternal lympho- 
cyte activatinti during pregnancy. Jor~rnti l  o f ' f ~ ~ ~ i i ~ i i ~ ~ ~ i l o ~ ~ ~ ~ .  122, 
1978 1985. 

42. Cohen, J .  H.  M., Daniel, L... Cordier, G., Sacz. S. and Revillard, 
J .  P. ( IOX3) Sex steroid receptors i n  pel-iphernl T cells: absence 
of androgen receptors and restriction of estrogen receptors to 
OKT X-positive cells. Journti/ i ) / ' / J i i i i i i / f i 1 ) / i ) ! / ~ , ,  131. 2767 2771 

43. Danel, L., Martin, P., Eschrich. E., Tuhiana, N., Firre, D. and 
Sacz, S. (19x1) Androgen, estrogen and  progcstin binding sites 
in human leukemic cells. f n ~ [ ~ r m i / i o n c i /  Journiil lJ/' C' tn /wr .  21. 
733- 741. 

44. Zaniboni, A,, Di Lorenm. D.. Simoncini, E., Marpicati. P., 
Gorni, F., Marini, G. and Maririoni. G. (1986) Estrngen and 
progesterone receptor guideline Tor tamoxifen therapy i n  CLL.  

45. Melo, N.. Hobday, C., Dowsett. M.. Catovsky. D. Matutes, E., 
Morilla. R .  and Polliack. A. (I'l90) Oestrogen receptor (ER)  
annlysis in B-cell chronic lymphocytic leukemia: correlation of 
biochemical and immunocytocheniical methods. Leukc~n~irr 
Rc.ser/rc~lr, 14, 049-952. 

46. Paavonen, T., Andersson, L. C .  and Adlcrcreiitz, H. (1981) Sex 
hormone regulation of in vitro immune responses. J o i w n d  i!f  

E.\pc~~inrc~nttr/ Mcr/ic.inr, 154, 1 9 3 S  1938. 
47. Talnl, N., Ilanphinee, M. J. and Wofsy. D. (1982) Interleukin 2 

tteliciency, genes it nd sys temic I tipiis erythematos 11s. Ar/liri/i,c. 
irntl R/icwiiii/i.sm, 25, 838-842. 

48. Ansar, A .  S.. Dauphinec. M. J .  and Tnlal, N .  (1085) Effects of 
short term administration of sex hormones on normal and 
autoimmune mice. Joiirntil ~ ? / ' I ~ ~ I I ~ ~ I I / ~ ~ ) / o ~ / J , ,  134, 204-210. 

40. Nagayama. Y. and Fukase. M. (1978) Suppression of 
"H-thymidine incorporation into I'HA-stimulated lymphocytes 
by testostcrone. Ac,/ri ~ f t r o ~ z t i l o l t ~ ~ ~ i c t r  J i iponic , t i3  41, I 1 16. 

50. Grossman, <'. J. (1985) Interactions between the gonadal 
steroids and the immune system. Scicww, 227, 37-261.  

Ac~ltr I f r ~ l ~ r l t t I r ~ 1 l o ~ ~ i c . n .  75. 92 0 5 .  

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 1
6:

16
 0

6 
N

ov
em

be
r 

20
15

 


