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Summary  

Dendritic cell (DC) vaccination is an attractive approach to the treatment of patients with 

lymphoid tumors. To evaluate its feasibility, we have tested the functional properties of DC 

and T-lymphocytes in patients with treated and untreated chronic lymphocytic leukemia 

(CLL) and follicular lymphoma (FL). Healthy volunteers were used both as controls and as a 

source of cells for allogeneic MLR. In allogeneic MLR reactions, dendritic cells from both 

untreated and treated patients were comparable to dendritic cells from healthy volunteers. In 

all the untreated patients studied, autologous dendritic cells promoted the survival and 

proliferation of both CD4 and CD8 lymphocytes (though the proliferation response was much 

better in the CD4 subset), whereas only 3 of 5 treated patients were able to mount this 

response with CD4 lymphocytes and 4 of 5 with CD8 lymphocytes.  In 3 of 5 untreated 

patients, pulsing of DCs with tetanus toxoid promoted a better CD4 response than was 

achieved with unpulsed DCs, while none of 5 treated patients had an additional response after 

pulsing with tetanus toxoid. None of patients studied, either treated or untreated, had a better 

CD8 response to pulsed DCs than to unpulsed ones. During CD4 lymphocyte proliferation, 

more CD4+CD25hi lymphocytes were generated in both treated and untreated patients than in 

healthy controls. Poor proliferation of cytotoxic cells and preferential proliferation of 

CD4+CD25hi T-regulatory cells in response to self and/or foreign antigens might be one of the 

mechanisms responsible for immunosuppression and impaired tumor surveillance in patients 

with lymphoid malignancies.  
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Introduction  

Chronic lymphocytic leukemia (CLL) and follicular lymphoma (FL) are low-grade 

lymphoid malignancies, which are considered to be incurable by conventional therapy 

(Polliack, 2003, Reiser and Diehl, 2002). However, these diseases differ with respect to their 

influence on the host immune system. While immune deficiency is common in patients with 

CLL (Scrivener et al, 2003), the immune system of untreated patients with follicular 

lymphomas is largely intact. However, modern treatment for both diseases includes potent 

immunosuppressive drugs such as corticosteroids, purine analogues, monoclonal antibodies 

and high-dose therapy with stem cell transplant (Laurenti et al, 2004, Mackal et al, 2000), all 

of which may cause significant immunosuppression in patients who receive them. 

 

Immunotherapy has long been viewed as an attractive approach to treatment of various 

incurable cancers, including low-grade lymphoid tumors. The general consensus is that if this 

approach is to be successful, it should be employed after the achievement of minimal residual 

disease (MRD) state, which means after conventional induction treatment. Several approaches 

to active immunization after conventional treatment of lymphoid malignancies were tried and 

clinical studies on this type of treatment  of treatment have been published or are ongoing 

(Dermime and Aljurf, 2005) despite the fact that precise information about the potential 

immune defects caused by cytoreductive therapy are lacking. 

 

As the most important cells in the antitumor response are antigen-presenting cells and 

T-lymphocytes, we studied the interaction between dendritic cells and T cells in both 

untreated patients with CLL and follicular lymphoma and also in patients with these diseases 

in complete remission after chemotherapy or chemoimmunotherapy. The aim of our study 
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was to find out if the disease itself or its treatment causes functional damage to the dendritic 

cell – T cell axis  and, if possible, to find out which cells suffer the more significant insult.  
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Materials and methods 

 

Study subjects  

Six patients with CLL and five patients with FL were studied. Five of these were 

untreated and six were in complete remission at least six moths after completion of the 

treatment. Four of the six patients in complete remission had undergone high-dose 

chemotherapy and autologous stem cell transplant. Response criteria were assessed according 

to NCI-WG updated guidelines (Cheson et al, 1996) for CLL patients and according to NCI 

sponsored IWG guidelines (Cheson et al, 1999) for FL patients, respectively. For more details 

about studied subjects, see Table 1.  

 

Ten members of the research team (three men and seven women, median age 31 years, 

range 21-50) without evidence of hematologic, immunologic or infectious disease were used 

as healthy controls. The study was approved by the local regulatory authority and all subjects 

gave written informed consent. 

 

Dendritic cells, T-lymphocytes and mixed leukocyte reaction 

Dendritic cells were generated from peripheral blood monocytes in a one-week 

protocol, as described previously (Spisek et al, 2001). A mononuclear fraction of peripheral 

blood leukocytes was obtained by centrifugation on Ficoll-Hypaque (Ammersham, Uppsalla, 

Sweden) and monocytes were adhered overnight in six-well plastic plates (TPP, Switzerland). 

After washing off the non-adherent fraction, cells were cultured in RPMI 1640 medium 

(Gibco, Scotland) with 10% fetal calf serum for one week. GM-CSF (Schering-Plough, 

Ireland, 90 ng/ml) and IL-4 (BD Biosciences, Germany, 20 ng/ml) were added on the first and 

fourth days and poly I:C (Sigma-Aldrich, Germany, 50 ng/ml) and TNF-alpha (BD 
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Biosciences, Germany, 20 ng/ml) were added 24 hours before harvesting. In some 

experiments, tetanus toxoid (Chiron Vaccines, Germany, 5 µg/ml) was added to immature 

dendritic cells on the fourth day. On the day of harvesting, samples of DCs were taken for 

flow cytometry studies and the remainder were used for allogeneic and/or autologous MLR.  

 

On the day when DCs were harvested, fresh CD4 and CD8 lymphocytes were obtained 

from study subjects by Ficoll-Hypaque centrifugation and immunomagnetic separation on 

MiniMACS or MidiMACS devices (Miltényi Biotech, Germany) according to the 

manufacturer’s instructions.  The purity of the CD4 and CD8 fraction was assessed by flow 

cytometry. The median purity of CD4 positive cells was 88,3% (range, 63-98,7%) and the 

median purity of CD8 cells was 81,6% (range, 53,4-97,8%). CD4 or CD8 lymphocytes 

(separately or in a 1:1 mixture) were mixed with dendritic cells in RPMI 1640 with fetal calf 

serum in 96-well plates in a ratio of 10:1 (105 lymphocytes to 104 dendritic cells per well). 

The total volume of the mixture was 300 µl per well. Lymphocytes alone, dendritic cells 

alone or lymphocytes with tetanus toxoid only were used as negative controls. To differentiate 

between dendritic cell and T-cell dysfunction, patient lymphocytes were mixed with dendritic 

cells from healthy donors (and vice versa) in allogeneic MLR. Furthermore, autologous MLR 

with dendritic cells and T-lymphocytes from healthy volunteers were performed in some 

cases.  All experiments were run in triplicate. After one week, the results of mixed 

lymphocyte reactions were evaluated by flow cytometry by a differential gating method, 

which is described below.  

 

In each study subject, six sets of experiments were performed. The first set consisted 

of T-cell cultivation without the presence of antibody presenting cells  (CD4 or CD8, 

respectively). These experiments served as negative controls, against which other results were 
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compared. The second set employed autologous mixed leucocyte reactions (MLR) with 

monocyte-derived dendritic  cells (CD4 + DC or CD8 + DC respectively). The third set 

consisted of autologous MLR performed with tetanus toxoid loaded dendritic cells 

(CD4+DC+TT or CD8 + DC+TT). The fourth set was an allogeneic MLR with dendritic cells 

from different subjects(CD4 allo or CD8 allo respectively), which served as a positive 

control. The fifth set was another negative control and consisted of T-lymphocytes cultivated 

with tetanus toxoid, but without dendritic cells. As tetanus toxoid alone was not sufficient to 

induce survival or a proliferative response of T-lymphocytes, the results of these tests did not 

differ from the cultivation of pure CD4 or CD8 lymphocytes and they are not shown in 

subsequent analyses. The sixth set of experiments consisted of dendritic cell cultivation 

without added lymphocytes. These wells generally contained very few living cells  (mostly 

CD19 positive lymphocytes in untreated CLL patients or CD3 positive T-cells in samples 

from other subjects) and were used for estimation of the background noise (data not shown). 

 

Flow cytometry analysis 

The following monoclonal antibodies were used for the flow cytometric analysis of 

DCs and MLR: From DakoCytomation, Denmark: CD1a PE (clone  NA1/34), CD3 FITC 

(clone UCHT1), CD4 PE (clone MT310), CD8 PE-Cy5 (clone DK25), CD11c FITC (clone 

KB90), CD14 FITC and PE (clone TUK4), CD16 PE (clone DJ130c), CD19 PE (clone 

HD37), CD25 FITC (clone ACT-1), CD45 FITC or PE (clone T29/44), CD45RA PE (clone 

4KB5), CD45R0 FITC (clone UCHL1), CD71 FITC (clone Ber-T9), CD54 PE-Cy5 (clone 

6.5B5), CD80 PE (clone 2D10.4), CD86 FITC (clone BU63), HLA-II FITC (HLA-DR, DP, 

DQ; clone CR3/43), and HLA-I PE (HLA-ABC; clone W6/32).  From Pharmingen, Belgium: 

CD40 FITC (clone 5C3), and CD83 PE (clone HB15e). From Beckmann-Coulter 

(Immunotech, Czech Republic): ILT-3 PE-Cy5 (clone ZM3.8). 7-aminoactinomycin D (7-
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AAD, Sigma, Germany) was used for dead cell exclusion. All flow-cytometry measurements 

were performed on FACSCalibur (Becston-Dickinson, San Jose, CA) and analysed on 

Summit® software v.3.3 for Windows (kindly provided by DakoCytomation, Czech 

Republic). Positivity for a given antigen was defined as higher fluorescence intensity than that 

of 0,5% of the brightest cells in the isotype control. We decided to choose the percentage of 

positive cells as described above rather than the differences in mean fluorescent intensity (∆ 

MFI = difference between MFI of the positive population and the control), as the fluorescent 

intensity peaks were rather wide, making this kind of comparison less informative.  

 

Differential gating as a method of MLR quantification 

The differential gating method has previously been described by our team as a simple 

and reproducible means of obtaining more information from the MLR than is possible with 

the use of the conventional 3H thymidin incorporation assay (Obrtlíková et al, 2005). 

Precisely 100 µl of  the cellular suspension was taken from each well where MLR was 

performed, mixed with appropriate amount of antibody and diluted with 100 µl of phosphate-

buffered saline (PBS without calcium and magnesium, Gibco, Scotland). In approximately 

20% of cases, fluorescent microparticles (CytoCountTM, DakoCytomation, Denmark) of 

known concentration were added to the sample instead of  PBS to monitor sample volumes. 

These cross-validation experiments showed that 95% of samples did not differ by more than 

1,2% from target volume. Samples were run for 30 seconds on a FACSCalibur flow 

cytometer and all events were aquired. The number of events was adjusted for volume 

differences caused by adding of antibodies.  

 

As can be seen in Figure 1A, the mainstay of this method is the differentiation 

between cells that are activated or proliferating and cells that are merely surviving in the 
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culture. All living cells are displayed in the R1 gate on FSC-SSC scatter. These cells express 

appropriate lineage markers and do not accumulate 7-AAD. The subset of small cells with 

low side scatter is gated in R2. These cells did not express the proliferative marker CD71, 

most of them did not express the interleukin-2 receptor CD25 as well, and they were therefore 

consistent with small resting cells. The remaining population of cells in the R1 gate, on the 

contrary, is characterized not only by large forward and side scatters, but also by strong CD71 

expression and variable CD25 expression. Thus, the properties of these cells are consistent 

with activated and/or proliferating blasts. In R3, dead and apoptotic cells are displayed. They 

accumulate 7-AAD, but their DNA content is less than in R2 cells (not shown). Ungated 

events, displaying very low forward scatter and variable side scatter, correspond to cellular 

debris and subcellular particles which are so small and damaged that they no longer contain 

any DNA. After the addition of up to three antibodies and excluding dead cells and debris 

(Figure 1B), antigen expression and co-expression could be studied in appropriate fluorescent 

channels. As an example, the expression and coexpression of CD4 and CD8 is shown in 

Figure 1C – 1E.  

 

Statistical analysis 

All experiments were done at least in triplicate. Analyses for individual patients and 

volunteers were done by comparing results from different sets of experiments. Global 

analyses were performed with average values for individual patients. For continuous 

variables, Student‘s t-tests for means or Student‘s t-tests for paired samples were used as 

appropriate. For categorical variables, Fischer‘s exact test was used. Correlations were 

calculated by Pearson‘s test. Values of p ≤ 0,05 (two-sided) were judged to be statistically 

significant. All statistical analyses were performed with GraphPad Prism version 4.03 for 

Windows (GraphPad Software, San Diego, CA).   
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Results 

 

Mature dendritic cells from patients with lymphoid malignancies differ only marginally 

from healthy controls 

 As can be seen in Figure 2A, there were no statistically significant differences for 

most of the dendritic cell-associated antigens between patients and healthy controls. The only 

statistically significant difference was in expression of CD83 (controls v. patients, 30,2% v. 

8,4 %, p = 0,04) and nonsignificant trend could be seen in CD80 expression (controls v. 

patients, 64,4% v. 38,7 %, p = 0,09). 

 There were no differences in antigenic profiles between patients with chronic 

lymphocytic leukemia and follicular lymphoma (Figure 2B). On the other hand, treated 

patients expressed less HLA-I antigen on their surfaces than untreated patients (p = 0,03,  

Figure 2C). This difference was rather small in the absolute numbers of positive cells (99,3%  

v. 94,8%), and did not translate into a difference in mean fluorescent intensity (mean ∆ MFI 

335,9 in untreated v. 390,7 in treated patients, p = 0,67).  

 

Dendritic cells  are fully functional in patients with B-cell malignancies 

We performed bidirectional allogeneic mixed leukocyte reactions with pairs of 

patients and healthy volunteers. From seven test pairs with DCs and CD4 cells, CD4 cells of 

healthy volunteers proliferated better in four cases, worse in one case and the results were not 

significantly  different  in two cases (Figure 3A). In two of the pairs, dendritic cells from 

lymphoma patients stimulated the proliferation of CD4 cells from healthy volunteers better 

than their own autologous DCs and in no case was the proliferation worse (data not shown). 

The same patient-control pairs gave essentially identical results for CD8 cells (Figure 3B), 

with the exception that total number of events acquired during the same time period was 
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significantly lower (approximately one third to one half the number of events compared with 

CD4 cells). This was not due to an artificial separation of CD4 or CD8 cells or larger numbers 

of CD4 cells in general, as better proliferation of CD4 cells was also observed in several 

experiments where CD4 and CD8 cells were mixed in a 1:1 ratio. (not shown). These 

experiments proved that dendritic cells from patients with lymphoid malignancies can 

adequately stimulate T-lymphocytes from healthy donors, ie., that dendritic cells from 

patients with lymphoid malignancies are fully functional. 

 

Survival and proliferation of patients‘ CD4 and CD8 lymphocytes after addition of 

unpulsed and pulsed dendritic cells  

After demonstration of the functionality of dendritic cells from patients with B-

lymphoproliferative disorders, we were interested in how efficient these dendritic cells are in 

the induction of proliferation of autologous T-lymphocytes. In general, addition of autologous 

unpulsed dendritic cells has increased the number of surviving and proliferating cells in both 

the CD4 and CD8 lymphocyte subsets compared to control wells with CD4 or CD8 cells 

alone (p = 0.007 for CD4 lymphocytes, p = 0.0008 for CD8 lymphocytes).  However, there 

were differences between untreated and treated patients. While addition of dendritic cells 

significantly increased the proliferation of both CD4 and CD8 lymphocytes in all the 

untreated patients, of the 5 treated patients, only 3 showed an increased CD4 response and 4 

an increased CD8 response. Moreover, while dendritic cells pulsed with tetanus toxoid 

produced better proliferation of CD4 lymphocytes than did unpulsed DCs in 3/5 untreated 

patients, none of the treated patients‘ lymphocytes responded. Pulsing of dendritic cells did 

not produced better proliferation of CD8 lymphocytes in any of the untreated or treated 

patients. Although these results did not reach statistical significance on Fisher‘s test due to the 

small number of patients included, they suggest that cytotoxic treatment may reduce both the 
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non-specific and specific proliferative responses in patients with lymphoid malignancies 

(Figure 4).  

 

Patients with lymphoid malignancies generate more CD4+CD25hi cells than 

healthy controls  

It has previously been shown, that chronic lymphocytic leukemia and multiple 

myeloma patients have more circulating CD4+CD25hi cells than healthy controls (Beyer M et 

al, 2005, Beyer M et al, 2006). As this population contains T-regulatory cells which might 

suppress the autologous antitumor immune reaction, we were interested to investigate whether 

these cells are also produced in mixed lymphocyte reactions from lymphoma patients. The 

percentage of CD4+CD25hi cells surviving after one week in control wells was similar in 

patients and healthy controls (mean, 0,38% v. 0,05%, p = 0,59). In both types of autologous 

MLRs (i.e. unpulsed and pulsed autologous DCs + CD4 lymphocytes), patients with follicular 

lymphoma and chronic lymphocytic leukemia produced more CD4+CD25hi cells than healthy 

volunteers, but this trend did not reach statistical significance. However, in allogeneic MLR, 

the difference in percentages of CD4+CD25hi cells in patients and paired controls was 

statistically highly significant (mean, 3,03% v. 0,65%, p = 0,0017). These results are 

described graphically in Figure 5.  
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Discussion 

 

In this small study, we have studied the cooperation between dendritic cells and T 

lymphocytes in patients with untreated and treated lymphoid malignancies. As model 

diseases, we chose chronic lymphocytic leukemia, wherein profound immune deficiency can 

be seen even in untreated patients, and follicular lymphoma, where the immune system is 

fairly intact before treatment is instituted. We performed two types of autologous mixed 

leukocyte reactions (MLR) – the non-specific MLR, where T lymphocytes were added to 

unpulsed dendritic cells, and the specific MLR, where immature dendritic cells were pulsed 

with tetanus toxoid before maturation and before the addition of T lymphocytes. Furthermore, 

we have performed bidirectional allogeneic MLRs between dendritic cells from healthy 

controls and patients’ T lymphocytes and vice versa.  

 

Because of the small number of experiments, any conclusions from this study must be 

drawn with appropriate caution. However, our data are in most cases concordant with data 

from previous studies and they highlight several points potentially important for attempts to 

treatment of lymphoid malignancies with active immunization. 

 

First, we have shown that dendritic cells from patients with chronic lymphocytic 

leukemia and follicular lymphoma are fully functional before and probably also after 

treatment. Except for a smaller percentage of CD83+ dendritic cells in lymphoma patients, the 

distribution of surface antigens was similar to DCs derived from healthy controls (Figure 

2A). Also, there were only minor differences in surface antigen positivity between CLL and 

FL patients and between untreated patients and patients in CR (Figure 2B, C). This 

corresponds with the observation that in allogeneic MLR, both CD4 and CD8 lymphocytes 
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from healthy controls were effectively stimulated by DCs from lymphoma patients (see Table 

1 and Figure 3). That the antigen-presenting abilities of dendritic cells are preserved during 

the course of the disease and even after cytotoxic treatment, is certainly reassuring, showing 

that immunisation strategies in the state of minimal residual disease might be feasible.  

 

On the other hand, we have observed diminished responsivity of autologous T cells in 

lymphoma patients in complete remission and, in certain cases, even before treatment. 

Surprisingly, in nonspecific autologous MLR (with unpulsed dendritic cells) we did not 

observe any differences between untreated CLL and FL patients, as both CD4 and CD8 

lymphocytes responded in every patient studied. However, the nonspecific autologous MLR 

was not successful in several patients after treatment. Moreover,the specific autologous MLR 

(with tetanus toxoid pulsed DCs) with CD4 lymphocytes was successful in only 3 of 5 

untreated patients compared to none of 5 treated patients and was not successful in any single 

case when immunomagnetically selected CD8 lymphocytes were used.  

 

Several investigators have shown that dendritic cells might be important not only for 

the proliferation but also for the survival of resting T-cells. This can be important for 

maintaining the peripheral T-cell pool (Westermann et al, 2005) but it can also induce 

peripheral T-cell tolerance (Buchler et al, 2003, Hawiger et al, 2001). Moreover, there is 

increasing evidence that self-peptides from apoptotic autologous cells can be presented by 

dendritic cells in experimental systems similar to our own (Chernyscheva et al, 2002) and this 

can lead to expansion of CD4+CD25hi regulatory cells (Cozzo et al, 2003), or to peripheral 

anergy induced by other mechanisms (Steinman et al, 2000, Wilson et al, 2004). These 

observations are also consistent with our own results which show that in bidirectional 

allogeneic MLR, patients with lymphoid malignancies produce more CD4+CD25hi cells than 
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paired healthy controls (Figure 5). However, because in our experiments CD8 cells were 

purified before autologous MLR, this cannot explain the total failure of the specific 

autologous MLR with CD8 lymphocytes. 

 

There are several other explanations for this observation. Our patients were neither 

boosted with tetanus toxoid before the specific autologous MLR reaction was performed nor 

were antibodies against tetanus toxoid measured. Thus, we cannot exclude the possibility that 

the poor results observed were caused by insufficient immunological memory, even if other 

workers have previously reported the effective use of tetanus toxoid at the concentration used 

in our system (Vuillier et al, 2001). Similarly, we have intentionally avoided the use of 

exogenous IL-2 to stimulate the proliferation response in the autologous MLR to allow for 

comparison between CD4 and CD8 response and at the same time, to avoid the preferential 

stimulation of CD4+CD25hi (T-regulatory) cells.  

 

In summary, we have made several observations with potential importance for the 

active immunotherapy of lymphoid malignancies. First, autologous dendritic cells are fully 

functional both in untreated and treated patients and can be easily generated and expanded 

even after cytoreductive treatement. Second, both CD4 and CD8 lymphocytes can be easily 

expanded in autologous MLR in all untreated lymphoma patients, but only in a subset of 

patients in remission, even if a sufficiently long time has elapsed since the end of induction 

treatment. For the purposes of active immunotherapy, it may be, therefore, advantageous to 

collect a sufficient number of T-lymphocytes from lymphoma patients before the start of  

induction treatment and cryopreserve them for later use.  
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The relatively high percentage of CD4+CD25hi cells generated in our experiments is in 

agreement with earlier reports of the presence of high numbers of these cells either in 

peripheral blood or in the tumor microenvironment of patients with a variety of lymphoid and 

solid tumors (Beyer M et al, 2005, Beyer M et al, 2006, Curiel TJ et al, 2004, Marshall NA et 

al, 2004, Wolf AM et al, 2003). Given the fact that these cells might be preferentionally 

expanded after immunization with tumor-specific peptides or tumor-antigen loaded dendritic 

cells, the generation of a large number of cytotoxic CD8 cells ex vivo and their adoptive 

transfer might be a preferable approach to immunization with tumor-antigen loaded dendritic 

cells. Definition of a cultivation system cicumventing the specific CD8 unresponsiveness 

observed in our experiments and adjusting it for clinical grade production of sufficient 

numbers of T-lymphocytes might be an attractive alternative  to in vivo vaccination strategies.  
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 Table 1 – patients characteristics 
 

Patient code Age 
(years) 

Sex Leucocytes at the time 
of sampling (x109/l) 

Lymphocytes at the 
time of sampling (%) 

Untreated patients 
CLL1 
CLL2 
CLL3 
FL1 
FL2 

 
55 
49 
54 
47 
75 

 
F 
F 
F 
F 
M 

 
27,7 
44,7 
18,9 
7,3 
18,3 

 
78,7 
75,0 
72,8 
30 

64,5 
CR patients 
CLL4  
CLL5  
CLL6  
FL3  
FL4  
FL5 

 
60 
62 
60 
56 
61 
71 

 
M 
M 
M 
F 
F 
F 

 
6,7 
4,4 
6,3 
4,9 
5,5 
2,8 

 
32,2 
30,0 
53,2 
20,0 
29,2 
29,4 

Treatment details for CR patients  
Patient code CR number Previous treatments Time from last 

treatment  
CLL4 1st CR Rituximab, Fludarabine, 

Cyclophosphamide, ESHAP, 
BEAM + ASCT 

30 months 

CLL5 1st CR Rituximab, Fludarabine, 
Cyclophosphamide, ESHAP, 
BEAM + ASCT 

22 months 

CLL6 1st CR Rituximab, Fludarabine, 
Cyclophosphamide, ESHAP, 
BEAM + ASCT 

8 months 

FL3 2nd CR 1st line: CHOP, Fludarabine-
Mithoxanthron 
2nd line: Rituximab, ESHAP, 
BEAM + ASCT 

12 months 

FL4 2nd CR 1st line: CHOP 
2nd line: Rituximab, ESHAP, 
BEAM + ASCT 

36 months 

FL5 2nd CR 1st line: CHOP, ESHAP 
2nd line: Rituximab, 
Chlorambucil, Etoposide, 
Prednison 

17 months 

 
M = male, F = female, ESHAP = Etoposide, AraC, Methylprednisolon, Cisplatin, CHOP = 
Cyclophosphamide, Adriamycin, Vincristine, Prednisolone BEAM = BCNU, Etoposide, 
AraC, Melphalan, ASCT = autologous stem cell transplant
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Figure captions 
 
Figure 1 – The differential gating strategy   
A – The basic forward scatter (FSC) and side scatter (SSC) distribution of proliferating T cells 
in the mixed leucocyte reaction. R1 gates living cells, and the population of resting cells with 
low forward and side scatter is gated separately (R2). The rest of the cells in R1 have the 
forward and side scatter properties of proliferating cells. The dead and apoptotic cells are 
gated in R3.  
B – R1 gate is sampled, all other events are excluded.  
C – shows the population of CD4 positive cells in R1 gate (R4) on FSCxFL2 dot-plot. 
D – shows the population of CD8 positive cells in R1 gate (R5) on FSCxFL3 dot-plot. 
E – shows the distribution of CD4 cells (in quadrant R8) and CD8 cells (in quadrant R6) with 
a small number of double positive and double negative cells (quadrants R7 and R9, 
respectively).  
 
Figure 2 – Comparison of percentages of dendritic cells displaying characteristic surface 
antigens between diferent experimental groups.  
A – comparison between healthy controls (full bars) and patients (empty bars). More dendritic 
cells from healthy controls expressed CD83 (p = 0,04), while the trend towards higher 
expression of CD80 did not reach statistical significance (p = 0,09).  
B – comparison between CLL and FL patients revealed no differences in surface antigen 
expression. 
C – Dendritic cells from patients in remission displayed somewhat fewer costimulatory 
molecules than those from untreated patients, but this did not reach statistical significance. 
The only statistically significant difference was in expression of HLA-I antigen (see text).  
 
Figure 3 – Comparison of bidirectional mixed leukocyte reactions between patients and 
healthy volunteers.  
Results for CD4 cells (panel A) and CD8 cells (panel B) are shown separately. In most of the 
patient-control pairs, control T-cells proliferated better with patients‘ dendritic cells (full bars) 
than did patients‘ T-cells with healthy DCs (empty bars). For the same patient-control pairs, 
the results of mixed reactions with CD4 and CD8 cells were similar. Note significantly fewer 
events in the panel depicting the CD8 proliferative response.  
 
Figure 4 – Response of T-lymphocytes from treated and untreated patients in autologous 
MLR.  
Lymphocytes from treated patients showed less ability to respond to non-specific and specific 
antigenic stimulation. While in untreated patients, both CD4 and CD8 lymphocytes 
proliferated better with addition of autologous dendritic cells in all cases, treated patients‘ 
lymphocytes did not respond in several cases. Moreover, tetanus toxoid promoted an 
additional response (over unpulsed autologous DCs) in only the CD4 lymphocytes of 
untreated patients (3 of 5), while CD4 lymphocytes from treated patients and CD8 
lymphocytes from both untreated and treated patients never responded. 
 
Figure 5 – Generation of CD4+CD25hi cells in a bidirectional allogeneic mixed leucocyte 
reaction. 
A representative  experiment is shown on panel A, which shows proliferation of healthy CD4 
cells in response to dendritic cells from one of the patients, and on panel B, which shows 
proliferation of this patient´s CD4 cells in response to dendritic cells of the same healthy 
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volunteer. On panel C, differences in production of CD4+CD25hi cells between patients and 
controls in different types of autologous MLR and in paired allogeneic MLR is shown.  
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Figure 5 
 
 
 

 


