
Glucocorticoids Do Not Inhibit Antitumor Activity of Activated
CD8+ T Cells

Christian S. Hinrichs, Douglas C. Palmer, Steven A. Rosenberg, and Nicholas P. Restifo
From the National Cancer Institute (NCI), National Institutes of Health (NIH), Bethesda, Maryland.

Summary
Glucocorticoids are potent immunosuppressive drugs that are generally withheld from cancer patients
receiving immunotherapy. We sought to test the hypothesis that glucocorticoids might interfere with
the function of cells after adoptive transfer. We gave dexamethasone, a potent synthetic
glucocorticoid, to B16 melanoma–bearing mice receiving the adoptive cell transfer (ACT) of pmel-1
T-cell receptor transgenic CD8+ cells. Dexamethasone caused a profound lymphodepletion but,
surprisingly, did not alter the antitumor efficacy of ACT-based regimens whether given before,
during, or after ACT. Although dexamethasone radically decreased the number of native CD8+

splenocytes in recipient mice, it did not affect the numbers of CD8+ pmel-1 cells derived from ACT
in these mice. In vitro proliferation assays revealed acute inhibition of naive pmel-1 CD8+ cells by
dexamethasone without significant effect on activated cells. In vitro interferon (IFN)-γ release from
activated pmel-1 CD8+ cells showed partial inhibition by dexamethasone, but this effect was
relatively minor when compared with the near-complete inhibition of naive cells. Thus,
glucocorticoids had a profound inhibitory effect on naive CD8+ T cells but had little impact on the
proliferation and function of activated CD8+ pmel-1 T cells. Finally, because glucocorticoids had no
effect on tumor regression in this model, it may be possible to use glucocorticoids in some patients
receiving ACT-based immunotherapy regimens.
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Glucocorticoids are potent immunosuppressive drugs that are used to treat diverse clinical
conditions, but they are generally withheld from cancer patients receiving immunotherapy
because of concerns that they may inhibit immune-mediated tumor regression. Cancer patients
may require glucocorticoids not only for the treatment of concomitant diseases such as asthma
and arthritis but for palliation of pain from bone metastases or cerebral edema from brain
metastases. In addition, glucocorticoids are highly effective in treating autoimmune side effects
of immunotherapy, including gastritis, ileitis, colitis, and hypophysitis, caused by anticytotoxic
T-lymphocyte–associated antigen 4 (CTLA-4) therapy.1

The immunosuppressive effects of glucocorticoids include inhibition of inflammatory
cytokines, upregulation of regulatory cytokines, inhibition of dendritic cells, and induction of
T-cell apoptosis.2 Perhaps the strongest evidence that glucocorticoids inhibit T-cell responses,
and the most compelling reason why they are withheld in patients receiving immunotherapy,
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is their ability to prevent and treat organ rejection, a T-cell–mediated event. There is, however,
no direct evidence that glucocorticoids have any effect on adoptive cell transfer (ACT) therapy.

To determine the effect of glucocorticoids on ACT, the pmel-1 model of cell transfer tumor
immunotherapy, consisting of 1) adoptively transferred T-cell receptor (TCR) transgenic
CD8+ T cells reactive against the tumor/self-antigen gp100, 2) antigen-specific vaccination,
and 3) administration of exogenous interleukin (IL)-2 to induce regression of B16 melanoma,
was used.3–5 Dexamethasone, a potent synthetic glucocorticoid with high affinity for the
glucocorticoid receptor and relatively low binding to plasma proteins, was given. Because
lymphodepletion with radiation or chemotherapy before cell transfer improves ACT therapy,
we explored the effects of glucocorticoids given for lymphodepletion before cell transfer as
well as the effects when given after cell transfer.6–9

MATERIALS AND METHODS
Mice and Tumor Lines

The pmel-1 TCR transgenic (Tg) mice (now available from Jackson Laboratories, Bar Harbor,
ME)5 were crossed with homozygous Thy1.1 mice (Jackson Laboratories) to generate pmel-1/
Thy1.1 double-Tg mice. Expression of the transgenes was confirmed by polymerase chain
reaction (PCR) analysis for the pmel-1 α- and β-TCR chains, and fluorescence-activated cell
sorting (FACS) analysis was used to confirm the presence of the Thy1.1 congenic marker. The
mice were housed at the National Institutes of Health (NIH), and procedures were performed
according to the guidelines of the NIH Animal Care and Use Committee. B16 (H-2b), a
spontaneous murine melanoma expressing gp100, was maintained in culture in complete media
(CM) composed of RPMI 1640 with 10% heat-inactivated fetal bovine serum (Biofluids,
Rockville, MD).5

In Vitro Activation, Cytokine Release, and Proliferation Assays
The pmel-1 and pmel-1/Thy1.1 splenocytes were isolated as described,5 and used immediately
(naive) or cultured (activated) in the presence of 1 μM hgp10025–33

10 and CM containing 60
IU/mL recombinant human IL-2 (rhIL-2; Chiron, Emeryville, CA) for 6 to 8 days. When naive
cells were used, depletion of non-CD8+ cells using magnetic cell sorting negative-selection
columns (Miltenyi Biotec, Auburn, CA) was performed. For in vitro coculture experiments,
104 pmel-1 cells were cocultured in CM, with or without dexamethasone (Sigma, St. Louis,
MO), at concentrations indicated, with 105 irradiated (30 Gy) C57BL/6 target splenocytes
pulsed with hgp10025–33 or NP366–374 peptides. Interferon (IFN)-γ release assays were
performed as previously described.5 For proliferation assays, cells were pulsed with 1 μCi
H3-thymidine after 6 hours of coculture, incubated 18 hours, and then harvested using a
semiautomated sample harvester, and counts per minute were determined with a β-scintillation
counter. Cytokine release and proliferation assays were performed in triplicate, and values are
presented as mean ± standard deviation (SD).

Adoptive Cell Transfer, Vaccination, Cytokine and Dexamethasone Administration
Female C57BL/6 (Jackson Laboratories) mice 6 to 8 weeks old were injected subcutaneously
with 5 × 105 B16F10 melanoma cells. Mice (n = 5–10) were treated 7 to 10 days later with
intravenous adoptive transfer of 3 × 106 activated pmel-1 or pmel-1/Thy1.1 splenocytes.
Indicated mice were vaccinated with intravenous administration of 2 × 107 plaque-forming
units of recombinant fowlpox virus-encoding hgp100 (rFPhgp100; Therion Biologics,
Cambridge, MA) as described previously3,5,10 and 600,000 IU rhIL-2 intraperitoneally twice
daily for a total of 6 doses. In some experiments, lymphodepletion was accomplished by
administration of 5 Gy whole-body irradiation before cell transfer. When given to induce
lymphodepletion before cell transfer, dexamethasone was administered intraperitoneally at a
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dose of 10 mg/kg on days −6, −4, and −2 before transfer. Dexamethasone regimens of 10 mg/
kg or 1 mg/kg administered intraperitoneally on days 2, 4, 6, 8, and 10 were used to model a
course of dexamethasone after cell transfer. Dexamethasone at a dose of 10 mg/kg from days
−1 to 17 and days 2 to 17 was used to treat mice throughout the period of antitumor activity.
Tumor size was determined in a blinded fashion using calipers. The products of the
perpendicular diameters are presented as mean ± standard error of the mean (SEM). Analysis
of variance (ANOVA) was used to determine the significance of differences in tumor
measurements between groups.

Enumeration of Splenocytes and Adoptively Transferred Cells
Enumeration of thymocytes was accomplished by harvesting thymuses and forming a single
cell suspension by passage through a 100-μm cell strainer (BD Falcon, Bedford, MA). Cells
were counted using trypan blue exclusion. Evaluation of splenocytes after cell transfer was
accomplished by harvesting 2 pooled spleens from each group. To enumerate pmel-1 CD8+

splenocytes, cells were stained with monoclonal antibodies against CD8a and Thy1.1 and flow
cytometry was performed as described below. The absolute number of pmel-1 cells was
calculated by multiplying the splenocyte count by the percentage of total cells that were
CD8+ and Thy1.1+.

Flow Cytometry
Cells were labeled with monoclonal antibodies (BD Biosciences, San Diego, CA) against
Vβ13-fluorescein isothiocyanate (FITC), Thy1.1-phycoerythrin (PE), and CD8− antigen-
presenting cells (APCs) or CD8− cychrome. Samples were analyzed using FACScalibur and
CELLquest software (BD Biosciences).

RESULTS
Nonmyeloablative Lymphodepletion With Radiation Enhances pmel-1 CD8+ T-Cell
Immunotherapy

To determine the effect of lymphodepletion on ACT, pmel-1 CD8+ T cells were transferred
into irradiated and nonirradiated hosts and response was assessed with serial tumor
measurements. The pmel-1 CD8+ T cells were activated in vitro with hgp10025–33 and IL-2
before transfer. As is required with this model, gp100-encoding fowlpox viral vaccine and IL-2
were also administered.5 Nonmyeloablative lymphodepletion with radiation before cell
transfer resulted in significantly decreased tumor growth compared with treatment without
lymphodepletion (P = 0.048; Fig. 1). In experiments in which only the tumor was shielded
from radiation, tumor regression was similar, ruling out a direct antitumor effect of the radiation
(unpublished data). Therefore, lymphodepletion with radiation before adoptive transfer
improved tumor treatment. This finding led us to speculate that other agents that induce
lymphodepletion may improve subsequent cell transfer therapy.

Dexamethasone Induces Lymphodepletion but Does Not Enhance Tumor Regression by
Subsequently Transferred pmel-1 CD8+ T Cells

Having observed improved treatment with lymphodepleting radiation given before cell
transfer, we hypothesized that lymphodepletion with dexamethasone would similarly enhance
tumor treatment. The proapoptotic effects of glucocorticoids on immune cells are well known.
11 To evaluate the lymphodepleting effects of dexamethasone, mice were treated with high-
dose dexamethasone or phosphate-buffered saline (PBS). Spleens were harvested, and viable
splenocytes were enumerated. Dexamethasone-treated mice had a mean of 2.83 ± 0.8 × 105

splenocytes, whereas controls had a mean of 8.7 ± 0.7 × 107 splenocytes. We concluded that
dexamethasone does indeed cause lymphodepletion and sought to determine if this
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lymphodepletion would translate into the improved treatment seen with radiation-induced
lymphodepletion.

To evaluate the effect of dexamethasone lymphodepletion on subsequent pmel-1 cell transfer
therapy, tumor-bearing mice were treated with dexamethasone or PBS, followed by transfer
of activated pmel-1 cells, vaccination, and IL-2. Dexamethasone was administered at a dose
of 10 mg/kg on days −6, −4, and −2 before cell transfer. Tumor growth was similar in both
groups (P = 0.665; Fig. 2). Despite inducing lymphodepletion, dexamethasone did not affect
treatment with pmel-1 CD8+ cell transfer.

Effect of a 9-Day Course of Dexamethasone After Cell Transfer on Tumor Treatment by
pmel-1 CD8+ T Cells

Dexamethasone induced lymphodepletion without causing a net enhancement or impairment
of tumor regression mediated by pmel-1 cells. This finding prompted us to explore the impact
of a course of glucocorticoids given after cell transfer, a situation relevant in clinical practice,
where patients may require steroids to treat cerebral edema, airway edema, allergic reactions,
or other concomitant diseases or complications that arise after ACT. To permit assessment of
a positive or negative effect of dexamethasone on therapy, a suboptimal number of activated
pmel-1 cells were given to provide a “window” whereby improved treatment would decrease
the slope of the tumor growth curve and impaired treatments would increase it. Tumor-bearing
mice were treated with cell transfer and administered a course of dexamethasone at a dose of
10 mg/kg or 1 mg/kg every other day for 9 days starting on day 2 or no dexamethasone. Tumor
growth in mice treated with cell transfer and dexamethasone was not significantly different
than in mice receiving cell transfer only (P = 0.22; Fig. 3C). The thymuses of mice from each
group were also harvested on day 12, and CD4+CD8+ cells were enumerated. The number of
double-positive thymocytes in dexamethasone-treated mice was markedly diminished,
confirming its biologic activity (see Fig. 3A). To assess the effect of dexamethasone alone on
tumor growth, tumor-bearing mice received dexamethasone or PBS. Dexamethasone alone did
not significantly affect tumor growth (P = 0.20; see Fig. 3B).

Effect of Dexamethasone on pmel-1 CD8+ T-Cell Number
We next sought to determine if a 9-day course of dexamethasone diminished the expansion of
adoptively transferred pmel-1 cells in treated mice. We compared the number of pmel-1
splenocytes on day 5 after cell transfer in mice treated with and without dexamethasone. Mice
in the experiment shown in Figure 3C were killed on day 5 after transfer. The number of total
splenocytes in dexamethasone-treated mice was reduced, but the number of pmel-1 splenocytes
was essentially the same between groups (Fig. 4). Dexamethasone seemed to impair native
splenocytes selectively, while sparing transferred pmel-1 cells.

Effect of Dexamethasone on Proliferation of Activated and Naive pmel-1 In Vitro
We observed different responses to dexamethasone between native splenocytes and transferred
pmel-1 cells and speculated that this difference may be attributable to the relative resistance
of the activated pmel-1 cells to suppression by dexamethasone. To determine if the proliferation
of activated and naive cells is affected differently by dexamethasone, coculture experiments
were performed comparing H3-thymidine incorporation in the presence of titrated
concentrations of dexamethasone. Pmel-1 splenocytes were isolated and activated in vitro in
the presence of hgp10025–33 peptide and IL-2. After 6 to 8 days of activation under these
conditions, cell cultures consisted of highly purified activated (expressing high levels of CD25,
CD44, and CD69) pmel-1 CD8+ cells.5 Naive pmel-1 CD8+ splenocytes were freshly isolated
and enriched using negative selection magnetic bead columns.
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H3-thymidine incorporation by naive pmel-1 decreased with increasing concentrations of
dexamethasone, whereas H3-thymidine incorporation by activated cells was not significantly
affected by dexamethasone (Fig. 5). This lack of effect on activated cells may explain, at least
in part, the lack of inhibition of tumor treatment, seen with a course of dexamethasone.

Effect of Dexamethasone on Function of Activated and Naive pmel-1 In Vitro
To determine if the function of activated and naive cells was affected differently by
dexamethasone, coculture experiments were performed to compare IFNγ release by naive and
activated pmel-1 cells in the presence or absence of dexamethasone. Activated and naive cells
were isolated as described previously. On coculture with hgp100-pulsed irradiated splenocytes,
IFNγ release by naive pmel-1 CD8+ cells was markedly decreased in the presence of
dexamethasone (Fig. 6A). Activated cell IFNγ production was inhibited by dexamethasone,
but this inhibition was relatively low compared with that seen with naive cells (see Fig. 6A).

In Vivo Effect of Administration of Dexamethasone During the Entire Period of Antitumor
Activity by Transferred pmel-1 CD8+ Cells

Because we noted some inhibition of activated pmel-1 function with dexamethasone in vitro,
we considered the possibility that the reason we had not seen impairment in tumor treatment
in vivo was failure to expose the transferred cells to dexamethasone for an adequate period.
We sought to determine if administration of dexamethasone throughout the entire period of
antitumor activity by the transferred pmel-1 cells impaired their ability to cause tumor
regression. To establish the length of time during which pmel-1 cells have a significant
antitumor effect, anti-CD8a antibodies were given to pmel-1–treated mice at intervals up to 16
days after cell transfer. At time points before 16 days, anti-CD8a antibody treatment
significantly impaired therapy; however, at the day 16 time point, no significant difference in
treatment was observed (data not shown). We concluded that the therapeutic effect by the
transferred pmel-1 cells was completed by day 16.

To test the effect of dexamethasone given during this period of antitumor effect by transferred
cells, high-dose dexamethasone was started the day before cell transfer or 2 days after cell
transfer and continued for 17 days. The tumor growth curves for the groups receiving
dexamethasone or no dexamethasone were not significantly different (Fig. 7) as confirmed by
ANOVA (P > 0.05). We tested several additional dexamethasone dosing regimens, including
daily from days 2 to 6; daily from days 7 to 17; twice daily for 6 doses; and a single dose on
day 0, 1, 2, 3, or 4 (data not shown). Despite our consistent observations that high-dose steroids
depleted double-positive thymocytes and host splenocytes, we saw no effect on tumor
treatment with any of these regimens, and therefore concluded that dexamethasone neither
enhanced nor hindered cell transfer tumor therapy.

DISCUSSION
Nonmyeloablative lymphodepletion with cyclophosphamide and fludarabine before ACT
enhances the effectiveness of transferred tumor infiltrating lymphocytes (TILs) in patients with
metastatic melanoma.9 This preparative regimen induces thrombocytopenia, anemia, and
immunodeficiency, however. We therefore sought a way to induce lymphopenia and enhance
cell transfer efficacy without the unintended effects of lymphodepleting chemotherapy. To
determine if lymphodepletion in mice results in augmentation of ACT immunotherapy of
tumors, the pmel-1 model was used. In this model, cytotoxic chemotherapy alone induced
regression of B16 melanoma, thereby confounding assessment of tumor response to subsequent
cell transfer treatments (unpublished data). Therefore, sublethal total-body radiation with 5 Gy
was used to induce lymphodepletion because it had minimal effect on tumor growth.
Lymphodepletion with total-body irradiation resulted in improved tumor treatment (see Fig.
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1). We then sought to determine whether lymphodepletion with dexamethasone, a potent
synthetic glucocorticoid known to induce apoptosis of lymphocytes, was possible. High-dose
dexamethasone induced lymphodepletion in the spleens of treated mice; however, this
lymphodepletion did not lead to improved tumor treatment with subsequent ACT (see Fig. 2).

There are several possible explanations for failure of lymphodepletion with dexamethasone to
improve subsequent ACT. Lymphodepletion with chemotherapy or radiation augments ACT
by inducing homeostatic cytokines, depleting regulatory and competing cell populations and
enhancing APC function.12,13 By contrast, dexamethasone suppresses proinflammatory
cytokines, promotes anti-inflammatory cytokines, may preferentially spare regulatory cells,
and inhibits dendritic cell activation.14–23 There may also be differences in how
chemotherapy, radiation, and dexamethasone deplete cells outside the spleen. In addition, the
splenocyte populations in dexamethasone-treated mice began to replete earlier than in
radiation-treated mice (data not shown). Thus, lymphodepletion with dexamethasone may not
be as durable as with chemotherapy or radiation, and this lack of durability may contribute to
its failure to augment ACT.

Dexamethasone given before ACT did not augment therapy; however, it did not impair therapy
either. This finding is encouraging because glucocorticoids are valuable and may even be
lifesaving in the treatment of certain medical conditions, but they are rarely administered to
immunotherapy patients because of concerns that they may inhibit immune-based treatments.
Even topical and inhaled glucocorticoids are discontinued when patients are enrolled in
immunotherapy trials, and all patients are counseled to avoid taking these medications.
Nevertheless, circumstances arise in which patients with no previous indication for treatment
with steroids require a course, or even long-term treatment, with glucocorticoids. For example,
cancer patients may develop brain metastases with cerebral edema that is responsive to
glucocorticoid treatment. Glucocorticoids may also be required to treat allergic reactions to
drugs or radiographic contrast agents. The latter is of particular concern because patients treated
with IL-2 are at increased risk of hypersensitivity to radiographic contrast material, and
computed tomography is routinely used to evaluate response to immunotherapy.24 It was
therefore valuable to know if the immunosuppressive effects of glucocorticoids impaired
immunotherapy.

To address this issue we treated mice receiving ACT immunotherapy with glucocorticoids. We
found no impairment in tumor-specific CD8+ T-cell–mediated tumor regression. Furthermore,
there was no in vivo reduction in the number of antigen-specific CD8+ T cells. In vitro
experiments also showed no impairment of activated CD8+ proliferation but some impairment
of activated CD8+ function. The impairment in function was relatively minor compared with
that seen with naive cells and did not lead to decreased tumor treatment in vivo.

We were surprised by these findings; however, glucocorticoids have diverse dynamic biologic
effects involving different components of the immune system, and their in vivo effects are
sometimes unpredictable. In addition to immunosuppressive effects, including suppression of
proinflammatory cytokines, promotion of anti-inflammatory cytokines, inhibition of dendritic
cells, suppression of natural killer cells, promotion of T-regulatory cells, and induction of T-
cell apoptosis, glucocorticoids have been reported to have immune-enhancing effects, which
may explain why they do not inhibit tumor treatment with ACT. One of these effects is
inhibition of activation-induced cell death associated with TCR signaling.11,25–30 This
phenomenon was initially described in T-cell hybridomas, where activation in the absence of
dexamethasone or exposure to dexamethasone in the absence of activation led to apoptosis.
Activation in the presence of dexamethasone attenuated activation-induced cell death,
however.31 The mechanism of this inhibition may be through repression of Fas ligand
expression, which is thought to be integral in causing activation-induced cell death.32,33 The
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pmel-1 CD8+ T cells become highly activated (expressing high levels of CD25 and CD44 and
decreased levels of CD62L) by TCR signaling from in vitro stimulation with hgp100 peptide
and subsequent in vivo stimulation from vaccination with fowlpox virus-encoding
hgp10025–33.5 These activated CD8+ T cells, in the presence of specific TCR signaling, were
uninhibited in their proliferation in vitro, and their numbers were not reduced by
dexamethasone in vivo.

In addition to TCR signaling, these lymphocytes were exposed in vitro and in vivo to high
doses of IL-2, a cytokine reported to induce resistance to glucocorticoids. Some clinical
evidence for this comes from study of steroid-resistant asthmatics, in whom glucocorticoids
do not inhibit T-cell proliferation or reduce proinflammatory cytokines.34 The airways of these
patients have elevated expression of IL-2 and IL-4.34,35 In addition, rescue of T helper subsets
and protection of T-cell hybridomas and T lymphocytes from glucocorticoid-induced apoptosis
have been reported.36–38 This protective effect may be mediated through STAT5 repression
of glucocorticoid-dependent transcription.39 Regardless of the mechanism, the phenomenon
of IL-2–mediated protection of lymphocytes from glucocorticoid-induced apoptosis has been
documented by several investigators and may explain why we did not see impaired treatment
in mice treated with dexamethasone and IL-2.

Signaling through several receptors may also have a role in resistance of activated T cells to
glucocorticoid-induced apoptosis. GITR is a transmembrane receptor homologous to 4-1BB,
CD27, and OX-40 of the tumor necrosis factor (TNF)/nerve growth factor receptor (NGFR)
family that is induced by glucocorticoids.40–42 Overexpression in T-cell hybridomas was
reported to inhibit CD3-mediated apoptosis.41 Nur77 is a nuclear orphan receptor, and its
induction is required for activation-induced cell death of T-cell hybridomas.43,44 It has been
reported to antagonize transcription effects mediated by the glucocorticoid receptor.45 Finally,
glucocorticoids enhance expression of IL-7 receptor-α, the receptor for the important
homeostatic cytokine IL-7.46 Signaling through these receptors may, in part, explain the
absence of glucocorticoid-mediated inhibition of ACT therapy.

Although glucocorticoids mediate immune-enhancing and immunosuppressive effects, their
overall effect is immunosuppressive in clinical situations, such as the treatment of asthma,
arthritis, and organ transplant rejection. Organ transplant rejection parallels tumor treatment
in that it is primarily a cell-mediated event, which has been shown to be dependent on either
CD4+ and/or CD8+ T cells in various models.47–49 We have demonstrated that in a CD8-
dependent tumor treatment model, glucocorticoids do not prevent tumor rejection. Why are
glucocorticoids effective in preventing graft rejection but not tumor rejection? There are some
important differences between the tumor treatment model and models of transplant rejection:

1. ACT involves transfer of a massive number of in vitro–activated antigen-specific cells
to mediate rejection, whereas transplant rejection involves conversion of a smaller
number of naive cells from the native repertoire into activated cells capable of graft
rejection.

2. Transferred cells are driven by exogenous administration of IL-2 without which they
do not mediate tumor regression5; however, no IL-2 is given to patients receiving
organ transplants.

3. Antigen-specific vaccination is given with cell transfer and is required for effective
treatment, whereas no vaccine is administered with organ transplantation.5

4. ACT in this model is mediated primarily by CD8+ T cells, whereas transplant rejection
may be mediated by CD4+ T cells, CD8+ T cells, or both.47–49 Although transplanted
allograft rejection is cell mediated, there are distinct differences between graft
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rejection and tumor immunotherapy that limit the applicability of lessons learned in
transplantation to immunotherapy.

There are 2 situations in which glucocorticoids have been given to patients treated with
immunotherapy for cancer. Anti-CTLA-4 therapy, given for treatment of melanoma and kidney
cancer, induces autoimmunity, which is associated with tumor response. Glucocorticoids are
effective in treating the autoimmune side effects of this therapy, which include colitis and
hypophysitis.1 Interestingly, we have observed ongoing tumor regression after the initiation
of steroid therapy. Glucocorticoids have also been used to treat graft-versus-host disease
(GVHD) associated with allogeneic stem cell transplantation. Despite administration of
glucocorticoids, ongoing responses are not uncommon. Furthermore, glucocorticoids are only
approximately 50% effective in gaining durable control of GVHD, a T-cell–mediated event.
50,51 The impact of steroid administration on patients receiving ACT is unknown, but the data
presented here indicate that glucocorticoids may not interfere with the antitumor response of
immunotherapy.
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FIGURE 1.
Lymphodepletion with total-body radiation augmented tumor regression mediated by
adoptively transferred antigen-specific CD8+ T cells. Mice bearing large unmanipulated B16
melanoma tumors were treated with adoptive transfer of activated pmel-1 cells, vaccination
with rFPgp10025–33, and IL-2. Either no lymphodepletion (PFI) or lymphodepletion with 5 Gy
total-body irradiation (PFI-XRT) was administered before cell transfer. Radiation alone (XRT)
had a negligible effect on tumor growth.
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FIGURE 2.
Lymphodepletion with dexamethasone did not affect subsequent ACT immunotherapy.
Tumor-bearing mice were treated with PBS or dexamethasone (DEX), followed by adoptive
transfer of activated pmel-1 cells, vaccination with rFPgp10025–33, and IL-2 (PFI and DEX +
PFI, respectively). Tumor treatment was not affected.
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FIGURE 3.
A course of dexamethasone did not augment but also did not inhibit immunotherapy with ACT.
A, Dexamethasone depleted double-positive thymocytes. After a course of dexamethasone,
thymocytes were enumerated and FACS analysis was used to determine the frequency of
CD4+CD8+ thymocytes. Double-positive thymocyte number was reduced in the groups treated
with dexamethasone at a dose of 1 mg/kg (DEX, 1 mg) and at a dose of 10 mg/kg (DEX, 10
mg) compared with mice receiving no dexamethasone (NO DEX). B, Dexamethasone alone
(DEX only) had minimal effect on the growth of untreated tumors (NO TX). C, Tumor-bearing
mice were treated with adoptive transfer of activated pmel-1 cells, vaccination with
rFPgp10025–33, and IL-2 (PFI). Groups were treated with a course of dexamethasone at a dose
of 10 mg/kg (PFI-DEX 10) or at a dose of 1 mg/kg on days 2, 4, 6, 8, and 10 after cell transfer
(PFI-DEX 1). Tumor treatment was not affected by dexamethasone.
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FIGURE 4.
Tumor-bearing mice were treated with adoptive transfer of activated pmel-1 cells expressing
the congenic marker Thy1.1, vaccination with rFPgp10025–33, and IL-2 (PFI). A course of
dexamethasone at a dose of 1 mg/kg (PFI+DEX 1) or at a dose of 10 mg/kg (PFI+DEX 10)
was administered to the indicated groups. Five days after cell transfer, splenocytes were
enumerated and FACS analysis was performed to determine the frequency of Thy1.1+ cells.
Overall splenocyte numbers (open bars) were diminished in mice receiving a course of
dexamethasone. Pmel-1 numbers (solid bars) were not diminished by dexamethasone.

Hinrichs et al. Page 14

J Immunother. Author manuscript; available in PMC 2006 July 4.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



FIGURE 5.
Dexamethasone impaired proliferation of naive but not activated antigen-specific CD8+ T cells.
A, H3-thymidine incorporation by naive and activated pmel-1 CD8+ T cells cocultured with
hgp100 peptide–pulsed irradiated splenocytes. H3-thymidine incorporation by naive cells but
not by activated cells was diminished. B, H3-thymidine incorporation by naive and activated
pmel-1 CD8+ T cells cocultured with irradiated splenocytes pulsed with hgp100 at 1 × 10−7

M in titrated concentrations of dexamethasone relative to H3-thymidine incorporation in the
absence of dexamethasone. Proliferation of naive cells was impaired, whereas proliferation of
activated cells was not affected.
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FIGURE 6.
Function of naive and activated antigen-specific CD8+ T cells was impaired by dexamethasone,
but naive cells were more significantly suppressed. A, IFNγ release by naive and activated
pmel-1 CD8+ T cells cocultured with hgp100 peptide–pulsed irradiated splenocytes. IFNγ
release by naive and activated cells was diminished. B, IFNγ release by naive and activated
pmel-1 CD8+ T cells cocultured with irradiated splenocytes pulsed with hgp100 at 1 × 10−7

M in titrated concentrations of dexamethasone relative to H3-thymidine incorporation in the
absence of dexamethasone. Naive cell function was more impaired than activated cell function.
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FIGURE 7.
Dexamethasone given throughout the antitumor activity of transferred cells did not impair
tumor treatment. Tumor-bearing mice were treated with adoptive transfer of activated pmel-1
cells, vaccination with rFPgp10025–33, and IL-2 (PFI). Groups were then given no additional
therapy (PFI), high-dose dexamethasone daily from the day before transfer through day 17
after transfer (PFI DEX 1–17), or high-dose dexamethasone daily from the second day after
transfer through day 17 after transfer (PFI DEX 2–17). Treatment with dexamethasone did not
significantly affect tumor regression mediated by adoptively transferred cells.
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