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ABSTRACT 

The detection of abnormalities at the retinoblastoma (RB) locus by 
cytogenetics, Southern blot, and fluorescence in situ hybridization studies 
suggests that the RB gene has a role in chronic lymphocytic leukemia 
(CLL). To further study this role, we determined the level of RB protein 
present in the mononuclear cell fraction derived from peripheral blood or 
bone marrow samples from 74 patients with CLL, by Western blotting. 
Compared to similarly prepared samples from the peripheral blood of 
normal individuals, the level of RB in CLL cells was less than normal in 
42% of patients, equal to normal in 22% of patients, and in excess of 
normal in 36% of patients. Regardless of whether the source of the sample 
was blood or marrow or if the patients were untreated or previously 
treated, similar rates of low, normal, and elevated RB levels were ob- 
served. RB protein in the CLL patient samples was never phosphorylated. 
RB levels showed no correlation with the lymphocyte doubling time or 
with proliferating cell nuclear antigen levels. Low RB levels could arise 
from genetic alterations of the RB gene or altered regulation of expression. 
To determine which was occurring, we stimulated the cells from 27 CLL 
patients in culture with either phytohemagglutinin or pokeweed mitogen 
in an attempt to induce RB expression and phosphorylation. Among pa- 
tients with low levels of RB, expression was induced in 46% (6 of 13), and 
phosphorylation of RB was seen in 31% (4 of 13). Increased expression of 
phosphorylated RB was induced in 80% (4 of 5) of patients with normal 
levels of RB and in 78% (7 of 9) of patients with high levels of RB. This 
study demonstrates that absent RB expression occurs commonly in pa- 
tients with CLL. Intrinsic abnormalities of the RB gene may be present in 
those patients with low levels of RB that could not be stimulated by 
mitogens, while regulatory abnormalities located in trans to the RB gene 
may occur in the other half. Given the importance that RB levels play in 
other cancers, the prognostic implication of low RB levels should be 
studied in CLL. 

INTRODUCTION 

Absent or altered RB 3 protein expression occurs in most cases of 
retinoblastoma (1) and of small cell lung cancer (2) and in 20-40% of 
carcinomas of the breast (3), bladder (4), prostate (5), and osteogenic 
and soft tissue sarcomas (6). Absent or decreased expression of RB 
has been demonstrated to have adverse prognostic implications for 
survival in soft tissue sarcomas (6), newly diagnosed acute myelog- 
enous leukemia (7), and in Stage IA bladder cancer (4). The RB 
protein acts as a negative regulator of passage through the cell cycle, 
prohibiting progress beyond mid-G1 (8). Phosphorylation of RB cre- 
ates a permissive state for passage of the cell from G1 to S phase, 
possibly through the release of transcription factors like E2F (9). 
Growth factor stimulation results in elevation of the level of RB 
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protein and post-translational modification (phosphorylation) possibly 
mediated by a D cyclin and a cdc kinase (10, 11). The RB protein has 
also been implicated in cell differentiation (12) and may be important 
in the control of cell senescence (13). The loss of RB protein expres- 
sion, therefore, removes an obstacle to constitutive cell cycling and 
may preclude cell differentiation and senescence. Increased prolifera- 
tion, as well as loss of differentiation and cell senescence, as deter- 
mined by altered phosphokinase C status and a decrease in apoptosis 
(14), has been shown to occur in CLL. 

The most common cytogenetic structural abnormality observed in 
CLL is deletion of chromosome 13q14, which occurs in 9.5-23% of 
patients (15-18). Since the RB gene locus has been localized to this 
site, investigators have speculated that the RB locus may be altered in 
CLL. Thus, the current understanding of the actions of RB protein 
corresponds well with the known cell cycle abnormalities of CLL and 
the cytogenetic data to suggest a possible role for RB in CLL. 

Four separate studies have found a low frequency of abnormalities 
at the RB locus in CLL and related disorders using Southern blot 
analysis. Abnormalities occurred in: 1 of 40 CLL and small-cell lym- 
phocytic lymphoma patients (19); 0 of 44 B-cell CLL cases (20); 1 of 
25 CLL and non-Hodgkins lymphoma patients (21); and 3 of 26 B-cell 
CLL patients (17). Although this rate seems low, it should be noted 
that in all other cancers in which RB expression was found to be 
altered, the frequency of Southern blot abnormalities was lower than 
that of absent RB expression. Stilgenbauer et al. (22) have demon- 
strated a higher rate of LOH abnormalities at this locus by fluores- 
cence in situ hybridization (31%, 11 of 35 cases) than were detected 
by conventional cytogenetics (16%, 5 of 31 cases). The actual rate of 
RB locus abnormalities is therefore likely to be higher than previously 
suggested by cytogenetic and Southern blot analysis. 

These findings can have biological relevance only if they are as- 
sociated with alterations in RB protein expression. A systematic study 
of RB protein expression in CLL cells has not been reported to date. 
Protein analysis of RB has been reported in only 4 patients, one of 
whom lacked RB protein (21, 23). We studied RB protein expression 
in peripheral blood and bone marrow samples from 74 patients with 
CLL by Western blotting. To assess whether the level of RB was 
associated with changes in the proliferative rate, we compared the 
lymphocyte doubling time and the level of the PCNA to the RB level. 
Absent expression could arise either from a mutation or as a result of 
altered transcriptional or translational control. The former would not 
be inducible by mitogens, whereas the latter might be. To determine 
which type of alteration might occur in CLL, cells from patients with 
low levels of RB were stimulated with mitogens in an attempt to 
induce RB expression and phosphorylation. 

MATERIALS AND M E T H O D S  

Samples. Mononuclear cells were derived, and whole cell lysates prepared, 
from peripheral blood and bone marrow aspiration samples of patients with 
CLL and from peripheral blood samples of normal individuals, as described 
previously (7). The erythroleukemia cell line K562 served as a RB-positive 
control, and the RB tumor-derived cell line WERI-RB-1 (ATCC HTB169) as 
a RB-negative control. Peripheral blood samples from 15 normal individuals of 
both sexes and diverse ethnic backgrounds were also studied to establish the 
normal range of RB expression for comparison. 
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Western Blotting. The protein sample from 5 • 105 cells was separated by 
overnight electrophoresis on an 8% sodium dodecyl sulfate-polyacrylamide gel 
and transferred to an Immobilon poly(vinylidene difluoride) membrane (Mil- 
lipore Corp., Bedford, MA), blocked, and exposed overnight to an anti-RB 
monoclonal antibody at 75/~1/30 ml (Triton Bio-Sciences, Alameda, CA) and 
an anti-actin antibody at 75/xl/30 ml (Oncogene Science, Manhasset, NY), as 
described previously (7). The membranes were washed and exposed to sheep 
anti-mouse IgG conjugated to horseradish peroxidase (Amersham Corp., Ar- 
lington Heights, IL) at a 1:2000 dilution for 1 h. After washing, the membranes 
were exposed for 1 rain to the chemiluminescence mixture per the manufac- 
turer's instructions (Amersham) and the films exposed at intervals until film 
saturation occurred. The films were then quantitated on a laser scanning 
densitometer, and the results were normalized against the RB signal of the 
K562 control. Representative Western blots are shown in Fig. 1. 

Cell Culture and Mitogen Stimulation. Mononuclear cells from the blood 
of normal donors and from CLL patients were obtained as described above. 
Cells were diluted to a concentration of 5 x 105 cells/ml in RPMI 1640 
(GIBCO Laboratories, Grand Island, NY) supplemented with 10% inactivated 
fetal calf serum (Intergen, Purchase, NY), 1% 200/~M L-glutamine (Whittaker 
Biologicals, Walkersville, MD), and 1% of a mixture of 10,000 U/ml penicillin 
and 10,000 /~g/ml streptomycin (Whittaker). Lymphocytes were cultured at 
37~ in 5% CO2 in 3 different mediums, without any mitogens, in medium 
containing 0.2% PHA (Wellcome Reagents, Greenville, NC), and in medium 
with 0.05% PWM (GIBCO). At either 48 or 72 h, protein samples were 
prepared and Western blotting performed as detailed above. 

Patient Data. All available samples, including those from a prior study of 
PCNA levels and lymphocyte doubling time in CLL (n = 34) (24) and an 
additional 40 samples obtained between June 1992 and August 1992, were 
studied. These 74 patients represent a random selection of the CLL patients 
seen at this institution over this time period. All but 2 patients had B-cell CLL. 
Peripheral blood samples were obtained from 23 newly diagnosed, untreated 
patients and 37 previously treated patients, as part of their routine evaluation. 
There were 9 BM samples from untreated patients and 5 from treated patients. 
One treated patient had simultaneous blood and BM samples. There were 27 
women and 47 men, with a median age of 62 years. All Rai stages were studied 
as detailed in Table 1. The median percentage of lymphocytes in the blood and 
BM, prior to separation, was similar, regardless of whether the patients were 

newly diagnosed or had had prior therapy. Among 22 patients who had karyo- 
type analysis, only one had an abnormality of chromosome 13. 

Statistics. Comparisons between groups were made using either the F test 
or X 2 test for association. Standard regression analysis was used to determine 
possible correlations between RB level and the lymphocyte doubling time or 
PCNA levels. 

RESULTS 

Western  Blotting for RB Protein.  Patient samples were divided 
into 4 groups based on whether the sample was obtained from blood 
or BM, and whether the patient was previously untreated or had 

received prior therapy. A normal range for the level of RB was 

established from the 15 normal individuals studied based on the ratio 
of the intensity of the RB protein on the Western blot relative to that 
present in the positive control cell line K562. All 15 normal individu- 
als had very similar levels of RB in their peripheral blood (Figs. 1 and 
2). The normal range was defined as being within 2 SD of the mean 

(0.071 ___ 0.019, range, 0.033 to 0.109). There was no phosphorylated 
RB protein in the peripheral blood cells from normal individuals (Fig. 
1), consistent with the findings of others (25, 26). Since this range was 
derived from the mononuclear cell fraction of peripheral blood, it 
reflects the range of RB protein expression found in normally circu- 
lating T and B lymphocytes and monocytes. This range served as a 

reference for comparison to the RB levels found in the CLL patient 
samples, but since the CLL samples contained predominantly B-cell 

CLL lymphocytes, they may not be directly comparable. 
The range of RB levels in CLL cells extended well above and below 

that observed in normal peripheral blood (Fig. 2). The CLL patients 
were divided into 3 groups: low, normal, and high RB, based on a 
comparison of the level of RB in the CLL cells to that present in the 

normal cells established by Western blot analysis. The peripheral 
blood samples of 30% (7 of 23) of untreated patients and of 43% (16 
of 37) of previously treated CLL patients contained low levels of RB. 
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Fig. 1. Western blot results for chronic lymphocytic leukemia 
samples. Western blot results probed for the RB protein or for actin. 
Unphosphorylated RB protein is designated "RB," while phosphory- 
lated RB protein is designated "pRB". A, normal blood. Lane 1, 
positive control cell line K562; the other Lanes are from the periph- 
eral blood of normal individuals. B, peripheral blood from CLL 
patients. Lane 1, K562; Lane 19, WERI-RB-1, a RB negative control 
cell line; Lanes 2, 17, and 18, from normal individuals; Lanes 3-16, 
from the peripheral blood of newly diagnosed, untreated, patients 
with CLL; Lanes 4, 5, and 16, RB signals, as determined by densi- 
tometry, that are less than that of the normal controls. C, Marrow 
from patients with CLL. Lane 1, K562 cells; Lane 19, WERI-RB-1 
cells; Lane 2, normal blood control; Lanes 3-8, from the marrow of 
previously treated patients with CLL; Lanes 9-18, from the marrow 
of previously untreated patients with CLL. The patients in Lanes 6, 
10, 11, 13-15, and 17-18 show lower than normal levels of RB. 
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Table 1 Distribution of selected patient characteristics according to the source of the sample and the RB level 

RB level 

Blood Marrow 

Total Low Normal High Low Normal High 

No. of patients 74 23 
Male 47 14 
Female 27 9 

% Blood lymphocytes (Median) 82.0 74.5 
% Lymphocytes in Marrow (Median) 76.8 75.6 
Rai stage 

0 13 3 
1 28 10 
2 17 5 
3 7 1 
4 9 4 

14 23 8 2 
10 12 5 2 
4 11 3 0 

72.5 86 76 82 
64.8 81 67.3 67.7 

4 3 2 1 
3 9 4 1 
4 5 2 
1 4 
2 2 

4 
4 
0 

70.7 
65.5 

These levels were in the same range as the negative control cell line 
WERI-RB-1. This suggests that RB expression was absent in these 23 
patients. Additionally, the peripheral blood samples from 48% (11 of 
23) of untreated patients and 32% (12 of 37) of previously treated 
patients showed levels of RB in excess of that seen in normal subjects. 
None of these patients had phosphorylated RB protein in their periph- 
eral blood. Levels of RB equal to normal blood were observed in 22% 
(5 of 23) of untreated and 24% (9 of 37) of treated patients. 

In the BM samples, 67% (6 of 9) of untreated patients and 40% (2 
of 5) of treated patients had no detectable RB protein. High levels of 
RB in the BM were seen in 2 untreated and 2 treated patients. One 
patient in each group had RB levels that were equal to those found in 
normal individuals. Again, no phosphorylated RB protein was seen. 
The CLL patient with a simultaneous blood and marrow sample 
lacked RB expression in both samples. One patient with a karyotypic 
abnormality of deletion 13q had a RB level equal to that of normal 
individuals. 

There were no significant differences in the distribution of patients 
by Rai staging, percentage of lymphocytes in the peripheral blood or 
bone marrow, the level of hemoglobin, or the platelet count among 
patients with high, normal, or low RB, in either the treated or un- 
treated group. There was no discernable correlation between the RB 
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BLOOD MARROW 
Fig. 2. Distribution of the normalized RB level of normal and CLL patients. The mean 

value of the normal subjects, 0.071, is shown, along with the -L--2 SD boundary points 
(0.033 to 0.109). Patient samples are divided by the source of the sample and history of 
whether they were untreated (new) or had received prior therapy (treated). 

level and either the lymphocyte doubling time (R 2 = 0.02) or the 
PCNA level (R 2= 0.19) in 34 patients (data not shown). 

Thirteen of the 32 newly diagnosed patients received therapy, all 
with fludarabine-based regimens. Responses were observed in all 
treated patients with low RB levels (3 of 3) or normal RB levels (1 of 
1) and in 8 of 9 high RB level patients. Most of the previously treated 
patients also received therapy with fludarabine (37 of 42). Responses 
in low, normal, and high RB groups were 59, 75, and 75%, respec- 
tively. These differences were not significant at the P = 0.05 level. 

Mitogen Stimulation of RB Expression in CLL. Decreased RB 
expression could arise from irreversible genetic modifications of the 
RB gene or from altered transcriptional control, the latter of which 
might be alterable, while the former would not be. Since mitogen 
stimulation of normal lymphocytes results in increased amounts of RB 
(25, 26), we attempted to induce RB expression and phosphorylation 
in CLL cells by exposing them to PWM and PHA in culture (Fig. 3). 
By this method, we hoped to determine which type of alteration was 
responsible for the low levels of RB observed in some CLL patients. 
There was sufficient material from 27 CLL patients (13 low R B ,  5 

normal RB, and 9 high RB) for these studies. Increased levels of RB 
protein, always phosphorylated, were observed after stimulation with 
PHA in cells from 80% (4 of 5) of patients with normal RB levels and 
from 78% (7 of 9) of patients with high RB levels. Stimulation by 
PWM led to an increase in the RB level in 75% (3 of 4) of patients 
with normal RB levels, all of whom had phosphorylated RB, and in 
44% (4 of 9) of high RB patients, with 75% (3 of 4) showing forma- 
tion of phosphorylated RB. This agrees with previously reported 
changes in normal lymphocyte RB levels in response to mitogens (25, 
26). In contrast, only 46% (6 of 13) of low RB patients showed an 
increase in RB protein levels after stimulation with PHA (4 of 6 with 
phosphorylated RB), and 3 of these 6 patients also demonstrated 
increased levels of RB after exposure to PWM (1 of 3 with phos- 
phorylated RB). The difference in response rates to stimulation seen in 
low RB CLL cells (46%) compared to CLL cells with normal RB 
(80%) and high RB (78%) approached significance (P = 0.08). 

DISCUSSION 

This study confirms that altered expression of the RB protein occurs 
in CLL as suggested by previous cytogenetic and Southern blot ob- 
servations (15-22). Absent RB expression occurred in 38% (23 of 60) 
of the peripheral blood specimens and 57% (8 of 14) of the bone 
marrow specimens from patients with CLL. This frequency is very 
similar to the rate of LOH for the RB locus in CLL found by fluo- 
rescence in si tu hybridization (22) and to the rate of absent RB 
expression found in acute myelogenous leukemia (7) and in chronic 
myelogenous leukemia blast crisis (27). Whether the patients with 
LOH at the RB locus, as shown by Stilgenbauer et  al. (22), are the 
same patients in whom a low level of RB expression is found, requires 
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Fig. 3. Stimulation of CLL cells with PHA and PWM. Western blot for RB and actin 
on cells from CLL patients. Either 20 p,l, equivalent to 2 x 10 s cells, or 50/xl, equivalent 
to 5 • 10 s cells, of protein sample prepared from Daudi cells are shown in the first 2 
Lanes. Lane Time 0 has protein from 2 X 10 s CLL patient cells before culture. The 
remaining Lanes are from CLL patient cells cultured in medium with no mitogens 
(Control), or with PHA or PWM. A, from a patient whose cells contained low RB prior 
to culture that showed no evidence of stimulation after exposure to mitogens. B, from a 
patient whose cells show low RB prior to culture but with evidence of increased and 
phosphorylated RB after exposure to mitogens. C, from a patient whose cells show 
elevated RB level prior to culture and showing increased and phosphorylated RB after 
exposure to mitogens. 

further study. Overall, the rate of absent RB expression was similar (P 
= 0.43) between blood and marrow, and for the one case with a 
simultaneous blood and marrow specimen, the results were identical. 
Either source could therefore be used to study RB expression in CLL. 
Absent RB expression occurred at similar frequencies in both un- 
treated (41%, 13 of 32) and previously treated CLL patients (43%, 18 
of 42) (P = 0.77). The frequency of low RB was also similar across 
all Rai stages. The fact that the frequency of loss of RB expression 
does not increase with either increasing stage or time from diagnosis 
suggests that loss of RB expression occurs early in the clinical course 
of CLL and may be related to the development of CLL. 

Levels of RB protein in excess of that seen in the peripheral blood 
of normal individuals were observed in 38% (23 of 60) of patients. 
Unlike the findings in acute myelogenous leukemia (2), where 33% of 
the patient blood samples had phosphorylated RB protein, none of the 

CLL patients had evidence of phosphorylated RB protein in either the 
peripheral blood or the BM specimens. Since phosphorylated RB is 
observed with cells that are in S/G2/M phases of the cell cycle, the 
lack of phosphorylated RB is in agreement with the low proliferative 
index seen in CLL (28). It is unclear why the leukemic cells of many 
of these patients should contain such high levels of the RB protein. 
The level of RB normally increases when a cell is in cycle but is 
typically lower in resting cells or during G1 (29). This study compared 
the RB level to 2 other measures of proliferation, the lymphocyte 
doubling time and the PCNA level, but no correlation was found. 
Therefore, if RB is involved in the development of CLL, it may play 
a larger role in preventing cell senescence than in promoting the rate 
of cell accumulation through permissive cycling. 

It is likely that there were nonmalignant B and T lymphocytes 
present in all of the samples cultured in the mitogen stimulation study, 
but induction of RB expression and the production of phosphorylated 
RB were not always seen. In 11 cases, immunophenotyping (deter- 
mined by flow cytometry for CD2), performed on Ficoll-Hypaque- 
separated specimens concurrently, demonstrated that the percentage of 
T cells ranged from 2.4 to 59%. The percentage of T cells ranged from 
2.4 to 59% in patients showing no response to mitogens and from 4.6 
to 35% in patients showing stimulation. Given this heterogeneity of 
response, it is unlikely that these results are attributable to T cell 
stimulation even though T cell mitogens were used. Stimulation with 
PWM or PHA produced no response in the cells of 7 of 13 patients 
with low RB levels or in the cells of 3 of 14 patients with either 
normal or elevated RB levels. If residual nonmalignant lymphocytes 
present in the specimen were contributing to the stimulation, we 
would have expected stimulation in all cases. Although there may be 
some residual nonmalignant B and T lymphocytes among the cells 
utilized in the mitogen stimulation study, it is unlikely that these cells 
are responsible for the increase in RB expression and phosphorylation 
observed. Different epigenetic mechanisms are probably responsible 
for the nonresponsiveness of RB expression to mitogen stimulation in 
the low RB group v e r s u s  the normal and high RB groups. 

There are 2 mechanisms through which loss of RB expression could 
occur: (a) mutations within the RB gene that prevent transcription of 
functional mRNA; or (b) an altered pattern of transcriptional or trans- 
lational control of the RB locus in the cell resulting in reduced ex- 
pression. The mitogen stimulation studies suggest that both of these 
occur in CLL cells. The observation that stimulation of leukemia cells 
by PWM or PHA failed to induce RB expression in 54% of the low 
RB patients would suggest that, in some CLL patients, a structural 
change within the RB gene affects transcription of the RB gene, 
resulting in reduced levels of RB protein. Elucidation of these struc- 
tural changes will require further study. There is probably no abnor- 
mality in the protein coding portion of the RB gene in the 46% of low 
level RB patients where mitogen stimulation produced increased 
amounts of RB protein. The decreased levels of RB in these patients 
is likely due to differences in transcriptional control. Whether this is 
an abnormal state or merely an extreme in the spectrum of normal RB 
expression cannot be determined. These data, therefore, suggest that 
levels of RB in CLL patients may be decreased by both alterations of 
the gene and altered transcriptional regulation. Further investigation 
of the abnormalities present in unstimulatable low RB CLL cells need 
to performed to determine how low RB occurs in CLL. 

The prognostic implications of absent RB expression in CLL cannot 
be determined from these data since the samples were not collected 
systematically, and because the patients sampled received various 
therapies, including observation, and have an insufficient duration of 
follow-up. Among untreated patients, only 2 patients, both with low 
RB, have died. Although a lower percentage of patients with low RB 
levels (45%) achieved a complete remission or a complete remission 
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with  res idual  nodu les  in the m a r r o w  compared  to pat ients  wi th  ei ther 

n o r m a l  R B  levels  (55%) or h igh  RB levels (63%),  this d i f fe rence  did 

not  reach stat ist ical  s igni f icance .  Future  s tudies  o f  n e w l y  d iagnosed ,  

un t rea ted  pat ients  rece iv ing  s imi lar  the rapy  shou ld  be pe r fo rmed  to 

de t e rmine  whe the r  or  no t  the loss  o f  R B  express ion  has  p rognos t i c  

impl ica t ions  in C L L .  
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