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Abstract

Purpose—Mycosis fungoides (MF) is a cutaneous T-cell lymphoma (CTCL) characterized by 

neoplastic skin-homing T cells. To better understand the immunopathogenesis of MF, we analyzed 

the functional ability of peripheral blood mononuclear cells (PBMC) from early and late MF/

CTCL patients to express cytokine genes. In late stage MF/CTCL, patients were separated into 

those with blood involvement (+B) and without blood involvement (−B).

Experimental Design—We analyzed TH1 (interleukin 2 (IL-2), IFN-γ), TH2 (IL-4, IL-5, IL-10, 

IL-13), and TH17 (IL-17) cytokine gene expression from activated PBMCs from normal (n = 12), 

psoriasis (n = 6), early MF/CTCL (n = 11), and late MF/CTCL+B (n = 4) and MF/CTCL-B (n = 3) 

by quantitative real-time PCR.

Results—PBMCs from early MF/CTCL and psoriasis showed higher induction of IL-2, IL-4, and 

IFN-γ genes than those from normal and late MF/CTCL-B and MF/CTCL+B (P < 0.05) in 

descending order. PBMCs from late MF/CTCL-B exhibited generally the highest level of IL-5, 

IL-10, IL-13, and IL-17 expression compared with the other groups. PBMCs from early MF/CTCL 

and late MF/CTCL−B had similarly elevated IL-13 and IL-17. Of all groups, PBMCs from late 

MF/CTCL+B had the lowest levels of IL-2 (P < 0.05), IL-4, IFN-γ, IL-13, and IL-17.

Conclusions—The different pattern of cytokine gene expression suggests a change in immune 

function in MF/CTCL from early MF/CTCL to late MF/CTCL−B to late MF/CTCL+B. These 

stages are consistent with localized disease associated with an anti-tumor immune response and 

late MF/CTCL associated with a loss of immune function mediated by malignant T cells that share 

regulatory T cell – like properties.

Mycosis fungoides (MF), the most common form of cutaneous T-cell lymphoma (CTCL), is 

characterized by a malignant proliferation of neoplastic CD4+, CD45RO+ T cells that 

preferentially traffic to the skin, where they induce clinical lesions manifesting as patches, 

plaques, tumors, or erythroderma (1–3). Based on the Bunn and Lamberg staging (4), early 

MF/CTCL (stages I and II) is characterized by the localization of malignant T cells within 
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the skin. As the disease advances, the abnormal CD4+, CD45RO+ T cell becomes the 

predominant T cell. In late stage MF/CTCL (stages III and IV), the malignant T cell is no 

longer restricted to the skin and the tumor burden is more extensive. Immune dysfunctions 

are the sequel of advanced disease and high tumor burden (5) and are characterized by 

reduced natural killer cell activity, decreased immune responses of T cells to pathogens, and 

defective immune surveillance (6, 7).

Sézary syndrome is a group of clinical findings marked by erythroderma, generalized 

lymphadenopathy, and the presence of Sézary cells in the peripheral circulation, which 

represents extensive “blood involvement” (8). Whereas the Bunn and Lamberg staging and 

the newly revised International Society for Cutaneous Lymphomas/European Organization 

for Research and Treatment of Cancer classification designates Sézary syndrome in the late 

stages of MF/CTCL (4, 9), the WHO/European Organization for Research and Treatment of 

Cancer staging separates MF and Sézary syndrome as two distinct entities because Sézary 

syndrome uncommonly results from MF (10, 11). A more unified and clear classification 

will come from additional studies.

The pathogenesis of MF/CTCL remains unclear. Early data from cytokines in MF/CTCL 

hinted that the abnormal T cell in MF/CTCL may have TH2-like properties, with increased 

interleukin 4 (IL-4) and IL-5 (12, 13). As additional T-cell subsets have been identified, 

recent evidence suggests that the malignant cells have properties shared with regulatory T 

cells (Treg), defined by the expression of CTLA-4 and Foxp3 (14, 15), but do not completely 

represent Treg cells (16). Several groups have reported early MF/CTCL to exhibit a TH1 

phenotype, evidenced by increased IL-2 and IFN-γ, and late MF/CTCL to have a TH2 

phenotype, characterized by increased IL-4, IL-5, IL-10, and IL-13 as the malignancy 

progresses (17–19). The proliferation of the abnormal malignant T cell may thus be 

responsible for the increased expression of TH2 cytokines. Another distinctive class of CD4+ 

T cells, TH17 cells, generates IL-17, which acts on keratinocytes to produce IL-6 and IL-8, 

and is associated with psoriasis (20, 21). IL-17 has been detected in skin biopsies in MF/

CTCL and Sézary syndrome patients, but a distinction in IL-17 levels between these two 

groups was not detected (22).

In this study, we analyze the peripheral blood mononuclear cells’ (PBMC) immune function 

and show that PBMCs from MF/CTCL patients exhibit significant defects in the ability to 

regulate cytokine genes. In early MF/CTCL, where the tumor burden is low, activated 

PBMCs show an increased TH1-cytokine gene expression at levels similar to those obtained 

from patients with psoriasis. PBMCs from late MF/CTCL showed variations in cytokine 

levels and could be subclassified, depending on the extent of blood involvement. Activated 

PBMCs from late MF/CTCL without blood involvement (−B) had lower levels of IL-2, IL-4, 

and IFN-γ than those from normal, psoriasis, and early MF/CTCL, except late MF/CTCL 

with blood involvement (+B). Stimulated PBMCs from late MF/CTCL−B had generally 

increased expression of IL-5, IL-10, IL-13, and IL-17 upon stimulation compared with those 

from normal, psoriasis, and late MF/CTCL+B. Most significantly, activated PBMCs from 

late MF/CTCL+B had the most pronounced decreases in levels of IL-2, IL-4, IFN-γ, IL-13, 

and IL-17 of all sets of patients, which may reflect consequences from proliferation of 

malignant T cells with Treg-like properties and the loss of tumor immunity. The profound 
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alterations in the expression of multiple cytokine genes may reflect underlying defects that 

play a role in the pathogenesis of MF/CTCL.

Materials and Methods

Patient samples

PBMCs were obtained from 12 normal volunteers, 6 psoriasis patients, and 18 MF/CTCL 

patients with Bunn and Lamberg stages I-IV (4). Early MF/CTCL (stages I and II) was 

defined as having skin-restricted lymphoma involvement, and late MF/CTCL (stages III and 

IV) was defined as having lymphoma spreading beyond the skin with lymph node and blood 

involvement. Late MF/CTCL patients were subdivided into those with detectable clonal 

blood involvement (defined as absolute Sézary cell count of >1,000 cells/mm3, which is an 

International Society for Cutaneous Lymphomas criteria for the diagnosis of Sézary 

syndrome) and those without blood involvement (defined as absolute Sézary cell count of 

<1,000 cells/mm3). Characteristics of the MF patients, including stage, total number, age, 

gender, average percentage, and range of circulating Sézary cells, and number of 

erythrodermic patients are summarized in Table 1. The study was approved by the 

Institutional Review Board of Henry Ford Hospital, and informed consent approved under 

the Institutional Review Board protocol was obtained from each patient.

Cell culture

Normal PBMCs were obtained from pheresis collars from the American Red Cross Pheresis 

Center and from normal volunteers by phlebotomy. Patients with MF/CTCL or psoriasis had 

venous blood drawn by phlebotomy after obtaining informed consent. After phlebotomy, the 

blood samples were diluted with 1× Hank’s buffer and underlayed with Lymphoprep (Axis-

Shield). The blood was centrifuged at 500 × g for 30 min, and the lymphocyte interphase 

was carefully aspirated, collected, and washed with Hank’s buffer. These cells were 

subsequently resuspended in ACK lysis buffer [150 mmol/L NH4Cl, 10 mmol/L KHCO3, 

and 0.1 mmol/L EDTA (pH 7.4), sterile filtered] for 5 min. ACK-treated lymphocytes were 

washed with Hank’s buffer, and the cells were resuspended in RPMI 1640 (with L-

glutamine; Invitrogen Corp.) and supplemented with 10% heat-inactivated FCS (Sigma 

Chemical Co.) and 1% penicillin/streptomycin (5,000 units/mL and 5,000 μg/mL, 

respectively; Invitrogen Corp.).

PBMCs were cultured overnight at 37°C in a 5% CO2 humidified incubator. PBMCs were 

set up in duplicate T-25 flasks, stimulated with 50 ng/mL of phorbol 12-myristate 13-acetate 

(PMA Calbiochem) and 10 μmol/L of the calcium ionophore A23187 (Calbiochem) or 2 

μg/mL of anti-CD3 monoclonal antibody (Orthoclone OKT3, Ortho Pharmaceuticals), 2 

μg/mL of antihuman CD28 monoclonal antibody (Clone CD28.2, BD PharMingen), and 2 

μg/mL of goat anti-mouse IgG (Sigma), and cultured for 2, 4, 6, and 8 h. Controls were 

treated with 2 μL of DMSO as a mock stimulation. After stimulation, cells were lysed using 

Trizol (Invitrogen Corp.) as described by the manufacturer.
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RNA isolation, reverse transcription, and real-time PCR

RNA isolation via Trizol was carried out according to the manufacturer’s directions. 

Precipitated RNA was resuspended in 15 to 25 μL of DEPC-treated water and quantified by 

spectrophotometry. Reverse transcription was carried out using 1 to 3 μg of RNA, oligo dT 

primers, and 0.5 μL of Superscript RT II according to the manufacturer’s instructions 

(Invitrogen).

Real-time reverse transcription PCR (RT-PCR) analysis was carried out in 30 μL reactions 

containing 0.5 μL of cDNA 333 μmol/L forward and reverse primers for the cytokines IL-2, 

IL-4, IFN-γ, IL-5, IL-10, IL-13, and IL-17 (see Supplementary data for primer sequences), 

and SYBR Green 1 Master Mix, which includes Taq. The reactions were processed in an 

ABI Prism 7000 SDS with the following cycling variables: 5 min at 95°C, then 40 cycles of 

95°C for 15 s and 60°C for 1 min. Samples that were designated to be analyzed by 2% 

agarose gels (1 × Tris-borate EDTA buffer) were taken out of the ABI Prism 7000 SDS 

immediately after the run was finished. Data generated from duplicate quantitative RT-PCR 

assays are reported as cycle threshold (CT; the point at which the amplification curve of the 

reaction crosses the threshold) values. The CT values were standardized to the normalizer 

gene β2-microglobulin (β2M). β2M was run in separate wells on the same 96-well plate, and 

its expression level (in lymphocytes) was shown to be unaffected by experimental 

conditions. The CT values were then converted to fold induction over normal at time zero 

(control) using the 2−ΔΔCT formula (23) and plotted against duration of PMA stimulation. 

Agarose gels were photographed on a Chem Doc 2000 universal hood (Bio-Rad) to visually 

depict the results of a RT-PCR run.

Statistical analysis

Data are presented as mean ± SE. The statistical significance of the differences was 

calculated by the Student’s t test for two samples assuming unequal variances.

Results

IL-2, IL-4, and IFN-γ expression in activated PBMCs is down-regulated in late MF/CTCL but 
up-regulated in early MF/CTCL

PBMCs from normal and late MF/CTCL were analyzed for the ability to express the 

cytokines IL-2, IL-4, and IFN-γ after stimulation with PMA/A23187. These genes were 

selected initially to gain insight into how PBMCs from late MF/CTCL regulate a general T-

cell cytokine (IL-2), a TH1 cytokine (IFN-γ), and a TH2 cytokine (IL-4). Total RNA was 

isolated at different times after stimulation, and expression of the genes was analyzed by 

RT-PCR. Upon stimulation, normal PBMCs showed a rapid and robust increase in all three 

cytokines when compared with late MF/CTCL PBMCs (Fig. 1A). PBMCs from late MF/

CTCL showed a defect in the ability to up-regulate IL-2, IL-4, and IFN-γ when stimulated 

with PMA/A23187 compared with normal PBMCs (Fig. 1A).

To determine whether the defect in cytokine gene expression was evident in PBMCs from 

early MF/CTCL when the malignant tumor T cells are restricted to the skin, MF/CTCL 

patients with varying degrees of clinical disease, as defined by the Bunn and Lamberg stage, 
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were studied (4). When PBMCs from different stages of MF/CTCL were analyzed for the 

ability to express cytokine genes, the early MF/CTCL cohort showed a greater ability to 

express the genes for IL-2, IL-4, and IFN-γ when compared with the late MF/CTCL cohort 

(Fig. 1B).

PMA/A23187 activation of normal and diseased PBMCs revealed cytokine expression 
defects more efficiently compared with T-cell receptor activation and CD28 costimulation

MF/CTCL cells have numerous surface signaling molecule defects, such as T-cell receptor 

defects (24, 25), as well as loss of CD7 (26). To confirm this observation and to rule out that 

the findings were not from altered signaling by PMA/A23187, we compared cytokine gene 

activation between PMA/A23187 to anti-CD3 and anti-CD28 antibodies. PBMCs from 

normal, early MF/CTCL, and late MF/CTCL+B patients were stimulated with PMA/A23187 

or anti-CD3 and anti-CD28 antibodies. In measuring IL-2 in response to PMA/A23187, by 6 

h, normal showed 11,000×, early MF/CTCL showed 40,000×, and late showed MF/CTCL 

512× increase from unstimulated controls. For anti-CD3/anti-CD28 stimulation, IL-2 by 6 h 

for normal showed 51 × increase, early MF/CTCL showed 80 × increase, and late MF/

CTCL showed 2× increase from baseline controls. Therefore, PBMCs from all groups 

stimulated with PMA/A23187 responded with significantly higher levels of IL-2 gene 

expression than with anti-CD3/anti-CD28 antibodies. Data trends between the groups, with 

early MF/CTCL having the highest IL-2 levels and late MF/CTCL+B having the lowest 

levels, were preserved with PMA/A23187 and anti-CD3/anti-CD28 antibody stimulation 

(Fig. 2A).

We next analyzed quantitatively the difference in the level of expression of IL-2, IL-4, and 

IFN-γ in PBMCs derived from early and late MF/CTCL, normal, and psoriasis patients. 

Psoriasis patients were chosen as disease controls because psoriasis is a cutaneous immune-

mediated skin disorder where T cells are involved (27). Quantitative PCR was performed on 

RNA isolated from stimulated PBMCs from normal, psoriasis, early MF/CTCL, and late 

MF/CTCL, and the level of expression of each cytokine was measured and normalized to 

β2M. Figure 2 showed the mean expression patterns of IL-2 (Fig. 2B), IL-4 (Fig. 2C), and 

IFN-γ (Fig. 2D) from PBMCs from normal, psoriasis, early MF/CTCL, and late MF/CTCL 

stimulated by PMA/A23187 at various time points. Upon stimulation, the cytokine 

expression of PBMCs for IL-2, IL-4, and IFN-γ from early MF/CTCL was consistently 

higher than those from normal and late MF/CTCL. Activated PBMCs from psoriasis patients 

behaved most similarly to early MF/CTCL PBMCs and produced cytokines at a higher level 

than normal and late MF/CTCL PBMCs. The level of expression for IL-2 and IFN-γ in 

activated PBMCs from early MF/CTCL and psoriasis was markedly higher than that for 

IL-4. Stimulated PBMCs from normal volunteers had consistently higher levels of cytokine 

expression than late MF/CTCL PBMCs. Furthermore, late MF/CTCL patients could be 

subclassified into those with blood involvement (+B) and without blood involvement (−B) 

because of their prominent differences in cytokine expression. Activated PBMCs from late 

MF/CTCL+B showed the greatest defect in the ability to up-regulate IL-2, IL-4, and IFN-γ 

compared with PBMCs from normal, early MF/CTCL, psoriasis, and late MF/CTCL-B. Late 

MF/CTCL-B also had stimulated PBMCs that exhibited deficiencies in expressing IL-2, 

IL-4, and IFN-γ compared with those from normal, early MF/CTCL, and psoriasis, but were 
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not as profound as those from late MF/CTCL+B. Table 2 summarizes the differences in 

PBMC expression of IL-2, IL-4, and IFN-γ between normal, psoriasis, early MF/CTCL, and 

late MF/CTCL+B and MF/CTCL-B at 2 h after stimulation. With the exception of IL-4 

expression after 2 h of stimulation, activated PBMCs from early MF/CTCL generally 

exhibited the highest levels of IL-2, IL-4, and IFN-γ expression, followed by those from 

psoriasis, normal, late MF/CTCL−B, and late MF/CTCL+B, in descending order. Of note, 

statistical significance (P < 0.05) was observed in the following: IL-2, IL-4, and IFN-γ 

expression in activated PBMCs from early MF/CTCL versus late MF/CTCL+B and MF/

CTCL-B; IL-2 and IL-4 expression in activated PBMCs from normal versus late MF/CTCL

+B and early MF/CTCL; and IL-2 expression in activated PBMCs from psoriasis versus 

normal and late MF/CTCL+B and MF/CTCL−B and late MF/CTCL+B versus late MF/

CTCL−B.

Multiple abnormalities in IL-5, IL-10, IL-13, and IL-17 expression in activated PBMCs are 
observed in localized and late MF/CTCL with and without blood involvement

To determine whether there is a general defect in cytokine expression, additional TH2 

cytokines, including IL-5, IL-10, and IL-13, and the TH17 cytokine IL-17 were investigated 

in early MF/CTCL, late MF/CTCL+B, late MF/CTCL−B, normal, and psoriasis patients. 

Along with late MF/CTCL−B, activated PBMCs from early MF/CTCL showed elevated 

levels of IL-13 and IL-17 compared with those from normal, psoriasis, and late MF/CTCL

+B. However, PBMCs from early MF/CTCL did not show elevated IL-5 and IL-10 levels 

upon stimulation. PBMCs from late MF/CTCL+B had the lowest IL-13 and IL-17 levels of 

all patient groups throughout all time points of stimulation. A deficit in the up-regulation of 

IL-10 was also noted in activated PBMCs from late MF/CTCL+B compared with those from 

late MF/CTCL−B. Although depressed at 0 and 2 h, IL-5 expression in activated PBMCs 

from late MF/CTCL+B increased to levels above those from all other groups at 6 h of 

stimulation. Except for IL-5 after 6 h of stimulation and IL-17 after 2 h of stimulation, 

stimulated PBMCs from late MF/CTCL−B showed higher levels of IL-5, IL-10, IL-13, and 

IL-17 compared with those from all other groups (Fig. 3A–D). Table 2 summarizes the 

differences in PBMC expression of IL-5, IL-10, IL-13, and IL-17 between normal, psoriasis, 

early MF/CTCL, and late MF/CTCL+B and MF/CTCL−B at 2 h after stimulation. PBMCs 

from early MF/CTCL showed increases in IL-13 and IL-17 expression at 2 h after 

stimulation compared with those from normal, psoriasis, and late MF/CTCL+B, with 

statistical significance seen in IL-17 compared with normal, psoriasis, and late MF/CTCL

+B. Except for IL-17, activated PBMCs from early MF/CTCL had diminished IL-5, IL-10, 

and IL-13 levels compared with those from late MF/CTCL−B. In comparison to normal 

PBMCs, activated early MF/CTCL PBMCs had higher levels of IL-10, which showed 

statistical significance and slightly lower levels of IL-5. Stimulated PBMCs from late MF/

CTCL+B showed diminished expression for IL-5, IL-10, IL-13, and IL-17 compared with 

those from late MF/CTCL−B. Compared with normal, psoriasis, and early MF/CTCL 

PBMCs, PBMCs from activated late MF/CTCL+B exhibited decreased IL-5, IL-13, and 

IL-17 levels, with statistical significance seen in IL-17 versus early MF/CTCL patients, and 

increased IL-10 expression. In addition, except for IL-17 compared with early MF/CTCL 

patients, activated PBMCs from late MF/CTCL−B exhibited increases in IL-5, IL-10, IL-13, 
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and IL-17 levels compared with those from normal, early MF/CTCL, psoriasis, and late MF/

CTCL+B after 2 h of stimulation, with statistical significance seen in IL-13 versus normals.

Discussion

Because the atypical malignant T cells in MF/CTCL share surface markers found in memory 

T cells, one may expect the malignant clone to retain properties of the cell from which it is 

derived, such as the ability to express high levels of cytokines. In addition, these abnormal 

cells may gain additional properties during disease progression, and these changes in sum 

contribute to the clinical phenotype. Our analysis of cytokine gene expression in PBMCs 

from MF/CTCL patients show for the first time that there are profound changes in PBMC 

expression of multiple cytokine genes, including IL-2, IL-4, IL-5, IL-10, IL-13, IL-17, and 

IFN-γ, reflecting functional differences in the immune system in various stages of MF/

CTCL. The cytokine pattern indicates that PBMCs from early MF/CTCL has a TH1 pattern, 

consistent with an antitumor response that is able to limit the malignant T cells to the skin. 

Whereas late MF/CTCL−B exhibits cytokines with a TH2 and TH17 bias, late MF/CTCL+B 

shows a global depression in cytokine expression, spanning TH1, TH2, and TH17 cytokines. 

This widespread decrease in cytokines in late MF/CTCL+B may reflect underlying loss of 

immune function and the phenotypic origin of the malignant T cells, which may share 

properties with Treg cells rather than normal memory T cells that express higher levels of 

cytokines. During disease progression, as the malignant population expands, there is a loss 

of tumor immunity from a decrease in antitumor T cells and active immunosuppression from 

Treg cell–like properties, such as the expression of CTLA-4 (15).

As previous studies have shown defective T-cell receptor signaling defects in CTCL, PMA/

A23187 was used for stimulation to bypass the T-cell receptor (24, 25). PMA/A23187 

permits a more direct measure of cytoplasmic and nuclear signals needed for cytokine gene 

activation. In PBMCs from normal, early MF/CTCL, and late MF/CTCL patients, the IL-2 

gene was more rapidly and intensely activated by PMA/A23187 compared with stimulation 

with anti-CD3/CD28 and was more sensitive at measuring cytokine gene expression. The 

slower kinetics of activation seen with anti-CD3/CD28 antibodies is likely due to the cross-

linking and membrane signaling necessary for stimulation. The trends in cytokine 

expression among the different cell populations studied were preserved with PMA/A23187 

compared with anti-CD3/anti-CD28 stimulation.

Previously, the expression of several cytokines has been found to be abnormal in MF/CTCL 

patients (17, 28) in affected skin (patch versus plaque versus tumor) and PBMCs from 

patients in various stages of MF/CTCL. The previous reports suggested that, as MF/CTCL 

advances from early disease to late disease, there is a change in the cytokine pattern detected 

from TH1 cytokines (i.e., IL-2 and IFN-γ) to TH2 cytokines (i.e., IL-4 and IL-5; refs. 17, 19, 

29–32). This observation is partly reflected in the results in this study, with the exception of 

findings from late MF/CTCL+B.

To determine whether the enhanced cytokine gene expression in early MF/CTCL is related 

to immune activation, psoriasis PBMCs were examined. The levels of IL-2, IL-4, and IFN-γ 

gene expression in psoriasis PBMCs showed similarities to those of early MF/CTCL and 
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were higher than those observed for normal and late MF/CTCL+B and MF/CTCL-B. In 

early MF/CTCL PBMCs, there was an increased expression of all cytokine genes except for 

IL-5 compared with normal and late MF/CTCL+B. These findings are consistent with early 

disease being associated with an immune response against the malignant T cells.

On the other hand, late MF/CTCL PBMCs showed a profound defect in the ability to 

express multiple cytokine genes (i.e., IL-2, IL-4, IFN-γ) compared with those from normal, 

early MF/CTCL, and psoriasis. In late MF/CTCL patients, particularly those with blood 

involvement, the malignant cells may constitute a significant tumor burden, and there is a 

widespread loss of TH1, TH2, and TH17 cytokines. The depressed cytokine levels in late 

MF/CTCL patients parallels the decline in immunocompetence and may explain why late 

MF/CTCL patients often succumb to opportunistic infections (23). Moreover, because 

PMA/A23187 is a strong stimulus, the failure to activate these genes is significant.

The presence of malignant T cells contributing to a suppressed immune response suggests 

that the malignant cells may have similarities to Treg cells. Treg cells poorly express IL-2, 

IL-4, IL-10, and IFN-γ in response to T-cell receptor stimulation (33), similar to PBMCs 

from late MF/CTCL+B. Previously, we have shown that tumor T cells express CTLA-4, a 

costimulatory molecule present on CD4+ CD25+ Treg cells (34). Specifically, late MF/CTCL 

patients had increased CTLA-4 RNA and protein expression, and a clonal population of 

malignant T cells expressed CTLA-4 at high levels (15). An in vitro CTCL model, where 

CD4+ CTCL cells were activated by dendritic cells loaded with apoptotic CTCL cells, 

revealed that these CTCL cells resembled Treg cells by up-regulating CTLA-4 expression 

and suppressing IL-2 and IFN-γ expression by normal T cells (14). Thus, targeting CTLA-4 

by using an anti–CTLA-4 monoclonal antibody may improve the immune response. Also, it 

should be noted that MF/CTCL cells may provide a source of clonal Treg cells for further 

investigation into the molecular and cellular properties of human Treg cells.

An exception to this trend of decreased cytokines in late MF/CTCL+B was noted in IL-5 and 

IL-10, which were elevated in PBMCs from both late MF/CTCL cohorts. Because IL-5 is 

associated with eosinophil recruitment, this cytokine may be associated with pruritus seen in 

late MF/CTCL. Elevated levels of IL-10, which serves to inhibit cytokine production by 

TH1 cells (35), in late MF/CTCL may also contribute to the diminished anti-tumor response.

The decline in IL-4 expression seen with the progression of MF/CTCL, at first, may seem 

inconsistent with findings of several groups that found an increase in IL-4 level in the latter 

stages of MF/CTCL. The discrepancies, however, may be explained by the use of skin 

biopsies instead of PBMCs (17, 36). Other studies measured IL-4 protein by ELISA at the 

latter stages of the disease (12), whereas we measured expression of the IL-4 gene 

normalized to each cell. In fact, the finding is not inconsistent. Although per tumor cell 

production of IL-4 may be low, as detected by our analysis, the clonal population of 

malignant cells is high. In turn, the total production of relatively stable IL-4 from these 

tumor cells may account for the increased level of IL-4 that is detected by ELISA.
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In this study, the sample size of late MF/CTCL+B and MF/CTCL−B patients was small. 

However, it is worthy to note the statistically significant cytokine expression differences 

between early and late MF/CTCL patients with and without blood involvement.

Although purification of PBMCs from early MF/CTCL using Vβ monoclonal antibodies 

may enrich the malignant clone, it is likely that only a small subset of patients have 

detectable clones. Furthermore, it was previously reported that in 30% of patients, a Vβ 

clone cannot be detected (37–39). To address this further, when we purified memory cells 

(CD4+CD45RO+) in PBMCs from early MF/CTCL patients (n = 4) to enrich the malignant 

clone, clonality by TCR-γ was not identified nor was there any functional differences when 

compared with the unpurified population (data not shown). Only purified memory PBMCs 

from late MF/CTCL+B patients (n = 3) showed the presence of clonality in the blood and 

gene expression defects (data not shown).

From this study, a distinct difference in cytokine expression was revealed between late MF/

CTCL cohorts; specifically, late MF/CTCL+B had diminished levels of all cytokines studied 

compared with late MF/CTCL−B. This finding, combined with the data showing increased 

IL-2, IL-4, and IFN-γ expression in early MF/CTCL versus late MF/CTCL, supports a 

possible progression of MF/CTCL, with early MF/CTCL (i.e., stages I and II), advancing to 

late MF/CTCL−B (i.e., stage IVa) and ending at late MF/CTCL+B (i.e., stage III; Fig. 4). 

Interestingly, the elevated expression of IL-13 and IL-17 in late MF/CTCL−B patients 

paralleled that in early MF/CTCL patients. Both of these conditions do not have an elevated 

presence of tumor cells in the blood, suggesting that the increase in these cytokines reflect a 

chronic inflammatory response to the malignant T cells in the skin. Moreover, because IL-13 

and IL-17 expression in PBMCs from these two groups are higher than those from late MF/

CTCL+B, this further support a progression of MF/CTCL as proposed.

In summary, we find that the loss of cytokine expression by PBMCs in MF/CTCL patients 

directly corresponds with the severity of disease, suggesting that there is an inherent defect 

in the immune response revealed by cytokine gene expression. The cytokine expression 

reflects immunocompetence in these patients and may serve as a basis for assessing the 

staging of MF/CTCL patients. The results are consistent with a model where, in early MF/

CTCL, the immunosuppressing phenotype of the tumor T cell is restrained and masked by 

an antitumor immune response. As the burden of malignant T cells increases in late MF/

CTCL, the inhibitory properties of the tumor cells induce clinical immunosuppression. Thus, 

a potential explanation for the changes in cytokine gene expression during disease 

progression from a skin-localized involvement to extensive systemic involvement is the loss 

of tumor immunity as the malignant T cells expand. Whether tumor T cells were derived 

from Treg cells or CD4+ T cells that gain Treg-like functions remains unclear, and the 

abnormal gene expression pattern suggests that further evaluation of the lineage from which 

the tumor T cells are derived is necessary to better understand MF/CTCL. Furthermore, the 

finding of a concerted decrease in cytokine gene expression likely hints to a mechanism that 

is common in the regulation of these cytokine genes at the promoter or chromosomal level 

and may underlie the efficacy of histone deacetylase inhibitors in the treatment of MF/

CTCL. The findings described indicate that future investigation on the basis for the 

Chong et al. Page 9

Clin Cancer Res. Author manuscript; available in PMC 2015 January 28.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



abnormal regulation of cytokine gene expression will yield further understanding into the 

pathogenesis of MF/CTCL.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Cytokine gene expression defects in activated PBMCs from normal and MF/CTCL patients 

in various stages. A, RT-PCR was performed from normal and late MF/CTCL PBMCs that 

were stimulated for the indicated time and analyzed for IL-2, IL-4, and IFN-γ gene 

expression. Samples were separated on a 2.0% ethidium – stained agarose gel and visualized 

on UV transilluminator. B, RT-PCR was performed from early and late MF/CTCL PBMCs 

that were stimulated for the indicated time and analyzed for IL-2, IL-4, and IFN-γ gene 

expression. The β2M gene served as control for normalization. Samples were separated on a 

2.0% ethidium – stained agarose gel and visualized by UV transilluminaion.
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Fig. 2. 
Cytokine gene expression among activated PBMCs. A, IL-2 gene expression levels in 

PBMCs from normal and MF/CTCL patients stimulated by PMA/A23187 versus anti-CD3/

anti-CD28 antibodies. Quantitative RT-PCR was performed on PBMCs from normal (n = 3), 

early MF/CTCL (n = 2), and late MF/CTCL+B (n = 2) patients that were stimulated by 

PMA/A23187 or anti-CD3/anti-CD28 antibodies for the indicated time and analyzed for 

IL-2 gene expression. The relative level of cytokine gene expression was normalized to β2M 

level of gene expression and plotted to the unstimulated level of gene expression for the 

respective patient samples for IL-2. Points, mean; bars, SE. B–D, Cytokine gene expression 

among activated PBMCs from early and late MF/CTCL+B and MF/CTCL−B patients 

compared with normal and psoriasis patients. (B) Quantitative RT-PCR was performed on 

PBMCs from normal (n = 8), psoriasis (n = 6), early MF/CTCL (n = 8), and late MF/CTCL

+B (n = 4) and late MF/CTCL−B (n = 3) patients that were stimulated for the indicated time 

and analyzed for (B), IL-2 (C), IL-4 (D) and IFN-γ gene expression. The relative level of 

cytokine gene expression was normalized to β2M level of gene expression and plotted to the 

unstimulated level of gene expression for normal PBMCs for IL-2, IL-4, and IFN-γ. Points, 

mean; bars, SE. Data points that included values that were computed from linear regression 

analysis are denoted with smaller markers.
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Fig. 3. 
Cytokine gene expression among activated PBMCs from early and late MF/CTCL+B and 

MF/CTCL−B patients compared with normal and psoriasis patients. A–D, quantitative RT-

PCR was performed on PBMCs from normal (n = 8), psoriasis (n = 4), early MF/CTCL (n = 

8), and late MF/CTCL+B (n = 4) and late MF/CTCL−B (n = 3) patients that were stimulated 

for the indicated time and analyzed for IL-5 (A), IL-10 (B), IL-13 (C), and IL-17 (D) gene 

expression. The relative level of cytokine gene expression was normalized to β2M level of 

gene expression and plotted to the unstimulated level of gene expression for normal PBMCs 

for IL-5, IL-10, IL-13, and IL-17. Points, mean; bars, SE. Data points that included values 

that were computed from linear regression analysis are denoted with smaller markers.
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Fig. 4. 
Schematic model for stages of MF/CTCL and summary of PBMC cytokine expression in 

normal, early MF/CTCL, and late MF/CTCL patients. Based on our cytokine expression 

results, functional staging of MF begins at early MF/CTCL, progresses to late MF/CTCL−B, 

and ends with late MF/CTCL +B. IL-2, IL-4, and IFN-γ exhibit a downward trend from 

early MF/CTCL to late MF/CTCL+B. IL-5 is elevated in late MF/CTCL, whereas IL-10 

levels peak at late MF/CTCL−B and then decrease in late MF/CTCL+B. IL-13 and IL-17 

levels increase in early MF/CTCL and late MF/CTCL−B but decrease in late MF/CTCL+B.
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