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Introduction

Ovarian cancer is the fifth leading cause of cancer

deaths in American women. It usually presents as

advanced disease, making cure unlikely. In 2005, it

was estimated that there would be 22,200 new cases

of ovarian cancer and 16,210 related deaths in the

United States.14 The 2002 SEER database (the most

recent date with complete data) estimates that there

were 169,875 women alive in the United States

with ovarian cancer on January 1, 2002 (http://seer.

cancer.gov/statfacts/html/ovary.html?statfacts_page=

ovary.html&x=15&y=18).

Current treatment for advanced stage epithelial

ovarian cancer consists of optimal surgical debulk-

ing followed by chemotherapy with carboplatin

plus paclitaxel. Treatment for stage III or IV disease

is rarely curative, with 5-year survival rates under

20%. There is no effective therapy for relapsed

or metastatic disease that has failed first-line
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Tumors express tumor-associated antigens (TAA) and thus should be the

object of immune attack. Nonetheless, spontaneous clearance of estab-

lished tumors is rare.1 Much work has demonstrated that tumors have

numerous strategies either to prevent presentation of TAA, or to prevent

TAA presentation in the context of T-cell co-signaling molecules.1,2

Thus, it was thought that lack of TAA-specific immunity was largely a

passive process: tumors simply did not present enough TAA, or antigen-

presenting cells did not have sufficient stimulatory capacity. On this

basis, attempts were made to bolster TAA-specific immunity by using

optimal antigen-presenting cells or by growing TAA-specific effector

T cells ex vivo followed by adoptive transfer.3 These approaches met with

some success in mouse models of human tumors, and showed some

early clinical efficacy in human trials, although long-term efficacy

remains to be established, and logistical problems are considerable.4

These studies established the concept that experimentally induced TAA-

specific immunity is a rational and potentially efficacious means to treat

cancer, including ovarian cancer. Nonetheless, recent work demon-

strates that lack of naturally induced TAA-specific immunity is not sim-

ply a passive process.5–12 We discuss recent data clearly demonstrating

that ‘tumors actively prevent induction of TAA-specific immunity

through induction of TAA-specific tolerance’.13 This tolerance is medi-

ated in part by regulatory T cells (Tregs). Means to revert these toleriz-

ing conditions represent a novel anticancer therapeutic stratagem. We

discuss Tregs in this regard in human ovarian cancer and present evi-

dence that depleting Treg in human cancer, including ovarian cancer,

using denileukin diftitox (Ontak), improves immunity and may be

therapeutic.
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therapy.15 Thus, effective new therapies for ovarian

cancer are urgently needed. Our group focuses on

novel immune-based strategies to treat ovarian

cancer.

The tumor-associated antigen (TAA)-specific

immunity has been demonstrated in ovarian

cancer.16–25 Nonetheless, immune-based therapies

for ovarian cancer have generally been clinically

ineffective, as for most epithelial tumors.21–27 Our

prior published works provide a reasonable and

plausible explanation for past failures and points to

novel immune-based strategies to treat ovarian

cancer.12,24,25,28 We will review our work, as well as

related, work in this regard.

Most studies of cancer immunotherapy to date

have focused on augmenting immunity through act-

ive or passive strategies. Recent reports demonstrated

that CTLA-4 blockade improved immunity and clin-

ical outcomes in mouse29 and human30 melanoma.

This latter important work demonstrates that the

concept of reversing immunosuppression in cancer

has merit as a therapeutic approach and provides

further evidence that immune-based therapy will

eventually find a meaningful place in the anticancer

treatment armamentarium. However, it is unknown

how best to accomplish this goal. Newer studies,

including our work with Treg depletion discussed

shortly, will help point the way to successful applica-

tion of tumor immunotherapy.

The Immune Environment is Dysfunctional

in Ovarian Cancer

We previously demonstrated that the chemokine

stromal-derived factor-1 (CXCL12) induced the

migration of plasmacytoid dendritic cells (PDC) into

the tumor microenvironment in ovarian cancer,

and delivered survival signals to PDC. Tumor

microenvironmental PDC induced a certain type of

Treg with a defined phenotype of Tr1.12 Tumor

microenvironmental PDC induced interleukin

(IL)-10 expressing CD8+ Treg.31 Our subsequent

studies demonstrated that tumor microenvironmen-

tal vascular endothelial growth factor (VEGF)

induced expression of the T-cell co-signaling mole-

cule B7-H1 on myeloid dendritic cells (MDC). This

MDC B7-H1 provided a molecular signal for induc-

tion of Tregs with a Tr1-like phenotype. We fur-

ther demonstrated that blocking B7-H1 improved T

cell-mediated immune tumor clearance in a mouse

model of human ovarian cancer.24 Thus, many

mechanisms of immune suppression appear to con-

verge at the level of inducing Tregs. These studies

have revealed potential molecular targets for

reversing active tumor-mediated immune evasion

and set the stage for novel treatments to enhance

antitumor immune therapy for ovarian cancer in

human clinical trials.

Regulatory T Cells

CD4+ regulatory T cells (Tregs) were recently redis-

covered, and shown to inhibit antigen-specific immu-

nity.32–35 The best-characterized Treg subset

expresses the IL-2 receptor-a chain (CD25). Under

homeostatic conditions, these cells arise in the thy-

mus, but may need to re-encounter antigen to

become tolerized. Following T-cell receptor ligation,

they are inhibitory through soluble cytokines, but

may act primarily through contact-dependent mecha-

nisms including CLTA-4.36 CD4+ CD25+ Tregs also

have antigen-independent suppressive effects.37 A

distinct phenotypic subset of Tregs is the Tr1 cell

(IL-10hi, moderate IL-5, transforming growth factor

(TGF)-b and interferon (IFN)-c, IL-2lo, and IL-4)). IL-

15 may be critical for their stimulation.36 Tr1 cells

suppress in part through IL-10 and TGF-b.
CD4+ CD25+ Tregs help mediate peripheral tolerance

in humans and mice, although details, mechanisms

of action, and differentiation pathways of distinct

Treg types are poorly understood.38 CD4+ CD25+

Tregs inhibit both naive and memory T cells and can

be maintained in vitro.32

Why Tregs may be Elevated in Cancer, and the

Problems they Create for the Immune System

in Mounting Effective Antitumor Immunity?

Most TAA are self-antigens, and therefore subject to

control by peripheral tolerance.39 Thus, it has been

proposed that exaggerated self-tolerance may be a

critical mediator of suppressed tumor-specific immu-

nity. Emerging evidence suggests that Tregs, partic-

ularly CD4+ CD25+ Tregs, are key mediators of

peripheral tolerance.40–46 Therefore, engendering a

strong antitumor response likely involves breaking

Treg-mediated peripheral tolerance to TAA. Consis-

tent with this concept, experimental depletion of

Tregs in tumor-bearing mice improves immune-

mediated tumor clearance,47 improves TAA-specific

immunity48 and enhances the efficacy of tumor

immunotherapy.49,50
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Tregs in Cancer

Given the suppressive nature of Tregs in vitro, it

was reasonable to presume that they suppressed

immunity in vivo. Evidence for Treg-mediated

immune suppression has now been well estab-

lished in mouse disease models. In tumor-bearing

mice, CD4+ CD25+ Tregs suppress TAA-specific

immunity.48 B16 melanoma-bearing mice have

improved IFN-a-induced tumor immunity when

depleted of CD4+ CD25+ cells.50 Blocking CTLA-4

improves tumor immunity better when Tregs are

first depleted.49 Tumor-bearing humans have eleva-

ted numbers of Tregs in blood malignant effu-

sions.51–53 These Tregs inhibit non-specific T-cell

activation.51,53 We just published the first report

demonstrating that human CD4+ CD25+ Tregs inhi-

bit TAA-specific immunity, allow tumor growth in

the presence of TAA-specific immunity and predict

poor survival in human ovarian cancer.25 We also

recently demonstrated that PDC in ovarian cancer

induce differentiation of CD8+ IL-10+ Tregs that

inhibit TAA-specific T cells.31

Our human studies, viewed in light of prior work

in mice led us to predict that depleting CD4+ CD25+

Tregs would improve TAA-specific immunity in

human cancer, and that their depletion would be

therapeutic in ovarian cancer. This approach may

also be successful in other tumor types, as functional

Treg accumulate in many types of human

cancer.25,43,47,51–58

CD4+ CD25+ Cells Accumulate in Malignant

Ascites and the Tumor Mass in Ovarian Cancer

In patients with previously untreated malignant

ovarian epithelial cancers (n ¼ 45), we identified a

significant population of CD4+ CD25+ CD3+ T cells

(10–17% of CD4+ T cells) by fluorescence-activated

cell sorter (FACS) in malignant ascites. These were

rarely seen in non-malignant ascites. We studied 104

frozen tumor tissues from patients with previously

untreated ovarian epithelial cancers and identified

substantial numbers of CD4+ CD25+ T cells by mul-

tiple color confocal microscopic analysis in the tumor

mass. Stages III–IV tumors had greater CD4+ CD25+

T-cell numbers than stages I and II. Negligible num-

bers of CD4+ CD25+ T cells infiltrated normal ovar-

ian tissues without cancer (n ¼ 5). Taken together,

our data demonstrate tumor-specific accumulation of

CD4+ CD25+ T cells in malignant human ovarian

tissues. The CD4+ CD25+ CD3+ GITR+ CTLA-4+ CCR7+

CD62L+ FOXP3high phenotype of tumor-associated

CD4+ CD25+ T cells that we demonstrated suggests

that these cells are Tregs.

Tumor CD4+ CD25+ T Cells Suppress T-cell

Activation in vitro and in vivo

To test tumor CD4+ CD25+ T-cell function, we used

a well described in vitro cellular culture system.51,59

Activated tumor ascites CD3+ CD25) T cells prolif-

erated well and made significant IFN-c and IL-2.

Tumor Treg from ascites or the solid tumor mass

significantly inhibited these processes. Based on

these functional and phenotypic data, tumor-associ-

ated CD4+ CD25+ T cells are functional Tregs.

Tumor CD4+ CD25+ Tregs spontaneously produced

significantly more TGF-b and IL-10 and signifi-

cantly less IL-2 compared with tumor CD4+ CD25)

T cells (Table I). Thus, tumor CD4+ CD25+ Tregs

may share features in common with thymic-derived

natural Tregs and with induced Tr1 Tregs. We

determined that ovarian cancer-associated Tregs

inhibited TAA-specific T-cell proliferation, cytokine

secretion and cytotoxicity in our in vitro sys-

tem.12,24 We then used our previously described

mouse model24 to demonstrate functional Treg

activity in vivo, demonstrating that these Tregs

inhibited TAA-specific T cell-mediated clearance of

autologous tumor.25

Table I Tregs in Ovarian Cancer Exhibit a Tr1 Phenotype

Cytokines

Total CD3+

CD4+ T cells

CD25-depleted

CD3+ CD4+ T cells

TGF-b 250* ± 109 40 ± 25

IL-10 80* ± 32 12 ± 6.5

IL-2 28* ± 12 62 ± 6.5

Total or CD25+-depleted tumor CD4+ T cells (106/mL) were cul-

tured for 48 hr (n ¼ 3). Cytokines (pg/mL) in the supernatants

were detected by ELISA (*P < 0.01).

CD25+ T cells were depleted with Miltenyi beads with approxi-

mately 80% efficiency. Thus, actual production of cytokines

shown by CD4+CD25) T cells is likely even lower. These data

suggest that CD4+CD25+ Tregs in ascites may function through

IL-10 or TGF-b secretion, suggesting a Tr1 phenotype.

ELISA, enzyme-linked immunosorbent assay; TGF, transforming

growth factor; IL, interleukin.

REGULATORY T CELLS IN OVARIAN CANCER

American Journal of Reproductive Immunology 54 (2005) 369–377 ª 2005 The Authors

Journal compilation ª 2005 Blackwell Munksgaard 371



Increased Tumor Treg Predict Poor Clinical

Outcome

We found a significant (P < 0.0001) positive correla-

tion between tumor infiltrating Treg accumulation

and overall survival in the 66 patients with ovarian

cancer available for such study. Survival for patients

in the high Treg group was approximately one-fifth

of that in the low Treg group (12.8 months versus

66.4 months; P < 0.001), demonstrating significant

clinical relevance of tumor Treg infiltration.25

Ontak Depletes Functional Tregs in Patients with

Cancer

The above results lead us to hypothesize that deple-

ting Tregs might be beneficial in human cancer,

including ovarian cancer. In searching for a suitable

agent for this purpose, we identified Ontak (denileu-

kin diftitox), a fusion toxin consisting of IL-2 gen-

etically fused to the enzymatically active and

translocating domains of diphtheria toxin.60 It is

internalized into CD25+ cells by endocytosis. The

ADP-ribosyltransferase activity of diphtheria toxin is

cleaved in the endosome and is translocated into the

cytosol where it inhibits protein synthesis, leading to

apoptosis.60 It is FDA-approved to treat CD4+ CD25+

cutaneous T-cell leukemia/lymphoma. Based on the

phenotypic similarity of CD4+ CD25+ cutaneous

T-cell leukemia/lymphoma cells and CD4+ CD25+

Tregs, we hypothesized that Ontak would deplete

CD4+ CD25+ Tregs in humans.

We undertook a phase I/II dose-escalation trial of

a single i.v. infusion of Ontak to test this concept.

This study was approved by the Tulane Institutional

Review Board, and all subjects gave written,

informed consent. Patients were: (i) a 59-year-old

female with stage IV ovarian cancer; (ii) a 41-year-

old female with stage IV breast cancer; (iii) a

50-year-old male with stage IIIB squamous cell lung

carcinoma; (iv) a 53-year-old female with stage IV

ovarian carcinoma. Patients received no cytotoxic

drugs, radiation therapy or immune-modulating

agents for at least 30 days prior to study. They

received 650 mg acetaminophen, 50 mg diphenhydr-

amine, and 25 mg prochlorperazine prior to 60-min

i.v. Ontak infusion at 9 lg/kg (patients 1–3) or

12 lg/kg (patient 4). Ontak was well tolerated.

Blood was studied before (day 0) and 1 week after

treatment, except as noted. Flow cytometry, intracel-

lular cytokine detection, and cell purifications were

performed as we described.25 Experimental differ-

ences were determined by t-test or chi-squared test

as appropriate with P £ 0.05 defined as significant.

Mean blood CD3+ CD4+ CD25+ T-cell prevalence

was elevated at 25.3%, but dropped significantly

(P ¼ 0.025) to 17.7% after Ontak (Fig. 1A). Mean

blood CD3+ CD4+ CD25+ cell concentration simulta-

neously fell from 123/mm3 to 63/mm3 (P ¼ 0.025;

Fig. 1B). Mean prevalence (0.95–3.0%) and concen-

tration (8–27/mm3) of blood CD3+ T cells expressing

the Ki-67 proliferation antigen increased following

Ontak (P £ 0.03 for each).

Mean blood IFN-c+ CD3+ T-cell prevalence (21.0–

36.5%; P ¼ 0.046; Fig. 1C) and concentration (173–

264/mm3; P ¼ 0.05; Fig. 1D) increased after Ontak.

We obtained sufficient blood cells from patient 4 to

quantify IFN-c+ CD3+ CD8+ T cells, whose prevalence

(21–37%; Fig. 1E) and concentration (10–23/mm3)

increased (P < 0.05 for each) following Ontak and

remained elevated for a prolonged period. These data

are consistent with prolonged immunologic improve-

ment following CD3+ CD4+ CD25+ Treg depletion.

We then undertook confirmatory functional studies.

FOXP3 is a forkhead/winged helix protein essential

for CD4+ CD25+ Treg differentiation and function.61

We demonstrated that only CD3+ CD4+ CD25+ cells

express FOXP3 in human cancer.25 We obtained suffi-

cient purified CD3+ CD4+ CD25+ T cells from patient

4 to test FOXP3 message expression. Strong FOXP3

message expression in CD3+ CD4+ CD25+ T cells was

greatly reduced from 115 to 37 units 5 days after

Ontak. Non-selective T-cell depletion cannot explain

decreased FOXP3 message because mean total CD3+

T cells (1030/mm3 before, versus 900/mm3 after) and

mean CD3+ CD8+ T cells (450/mm3, comprising 48%

of all T cells before, versus 423/mm3, comprising 50%

of all T cells after) were not significantly altered. The

prevalence and concentration of blood B cells and

monocytes were not significantly altered by Ontak

(not shown). These data are most consistent with

selective depletion of CD3+ CD4+ CD25+ FOXP3+

T cells.

We obtained sufficient purified CD3+ CD4+ CD25+

T cells from patient 3 for functional assays.

CD3+ CD4+ CD25+ T cells before Ontak were 4.2-fold

more potent in suppressing T-cell proliferation com-

pared with cells obtained 30 days after (P ¼ 0.008),

consistent with depletion of functional

CD3+ CD4+ CD25+ Tregs. These data also demonstrate

prolonged functional Treg depletion, further suppor-

ted by increased IFN-c+ CD3+ CD8+ T-cell prevalence
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and reduced CD3+ CD4+ CD25+ cell FOXP3 message

28 days after Ontak.

This single-dose trial was designed to assess only

immunologic end points. Activated effector cells may

also express CD2543, and could be depleted as well,

which merits further investigation. Our data are con-

sistent with the hypothesis that Treg depletion

improves endogenous immunity in cancer patients.

Nonetheless, the precise mechanism(s) underlying

improved immunity remain to be established. Effects

of Treg depletion on clinical outcomes are under

study in our ongoing phase II efficacy trial of Ontak

treatment for ovarian cancer. In mouse models for

melanoma, Treg depletion augmented CTLA-4 block-

ade49 and augmented effects of IFN-a plus a den-

dritic cell-based vaccine.50 Thus, combination

approaches employing Ontak to deplete Tregs, fol-

lowed by active vaccination may prove more effica-

cious.

Most cancer immunotherapy focuses on augment-

ing numbers and function of essential immune cells

such as T lymphocytes and dendritic cells.13,25 Our

data demonstrate that depleting dysfunctional Tregs is

a promising strategy that may work alone, but which

Fig. 1 Ontak reduces blood CD3+ CD4+ CD25+ cell numbers and improves immunity. (A) Flow cytometric CD3-gated analyses of CD4+ CD25+ cells

were performed before (top) and 1 week after (bottom) a single Ontak infusion. Patient number is shown above the corresponding panels. Patient-

specific and mean values for blood (B) CD3+ CD4+ CD25+ cell concentration, (C) interferon (IFN)-c+ CD3+ cell prevalence and (D) IFN-c+ CD3+ cell

concentration were determined before and 1 week after Ontak. (E) CD3-gated flow cytometric analysis was performed on blood mononuclear cells

from patient 4 following intracellular IFN-c staining at indicated times after the first Ontak infusion at 12 lg/kg. Quadrant numbers in panels are

percentage of gated events.
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also has potential to improve current active immuno-

therapies, whose successes in cancer treatment have

thus far been modest. Ontak represents the first agent

effective for human Treg depletion to test such con-

cepts. Depletion of CD4+ CD25+ Tregs is necessary,

but not sufficient to induce autoimmune phenom-

ena,62 and we have not observed this problem to

date. Nonetheless, the potential for inducing patho-

logic autoimmunity with this approach requires fur-

ther study.

Conclusions

Despite a compelling logic, immune therapy for

epithelial cancers is rarely effective. Failures of cur-

rent strategies to induce significant antitumor

immunity relate at least in part to the capacity of

the tumor to activate tumor-mediated processes.

Recent reports from mouse models demonstrate

that killing Tregs augments endogenous tumor-

specific immunity, and augments the efficacy of

active immunization strategies. We recently dem-

onstrated that Treg-mediated immunopathology

defeats host antitumor immunity and is associated

with poor tumor survival in ovarian cancer.25 Our

ongoing clinical trial demonstrates that Treg deple-

tion is feasible in human cancer using Ontak, and

is associated with improved immunity. Current

data confirm that a single i.v. dose of Ontak at

12 lg/kg reduces phenotypic and functional

CD4+ CD25+ blood Tregs, paving the way for stud-

ies of clinical efficacy alone or in combination with

additional treatments.

Means to overcome active tumor-mediated

immune subversion may finally allow the realization

of the benefits of immune-based therapy for cancer.
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