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Abstract
Cryotherapy offers a minimally invasive treatment option for the management of both irresectable
and localized prostate, liver, pulmonary and renal tumors. The anti-neoplastic effects of
cryotherapy are mediated by direct tumor lysis and by indirect effects such as intracellular
dehydration, pH changes, and microvascular damage resulting in ischemic necrosis. In this study,
we investigated whether percutaneous cryoablation of lung metastasis from renal cell carcinoma
(RCC) in combination with aerosolized granulocyte-macrophage colony stimulating factor (GM-
CSF) can induce systemic cellular and humoral immune responses in 6 RCC patients. Peripheral
blood mononuclear cells (PBMC) were sequentially studied up to 63 days post
cryoimmunotherapy (CI). PBMC from pre and post CI were phenotyped for lymphocyte subsets
and tested for cytotoxicity and IFNγ Elispots directed at RCC cells. Humoral responses were
measured by in vitro antibody synthesis assay directed at RCC cells. The immune monitoring data
showed that CI induced tumor specific CTL, specific in vitro anti-tumor antibody responses, and
enhanced Th1 cytokine production in 4 out of 6 patients. More importantly, the magnitude of
cellular and humoral anti-tumor response appears to be associated with clinical responses. These
pilot data show that CI can induce robust and brisk cellular and humoral immune responses in
metastatic RCC patients, but requires further evaluation in optimized protocols.
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Introduction
Cryotherapy, or cryoablation, has been used for many years to treat cancers in different
organ systems using an open surgical approach. The most compelling evidence for using
cryotherapy comes from several large studies demonstrating targeted cryoablation of
prostate cancer1-3. Encouraging clinical outcomes for local disease control in prostate cancer
patients1 led to enthusiastic support for both laparoscopic4 and percutaneous5 renal
cryotherapy, as well as and pulmonary cryotherapy6. Although cryotherapy alone is
sufficient to stimulate local and regional immune responses, it is insufficient to induce
systemic immune responses. Increased local and regional immune responses such as
increased tumor antigen uptake by dentritic cells (DC), upregulation of CD80 expression on
DC, increased numbers of tumor antigen positive DCs in the tumor draining lymph nodes
(TDLN) and increased tumor specific T-cells responses were evidenced in the murine model
of melanoma7-10 and breast cancer11, 12. Si et al. showed that cryoablation of prostate cancer
resulted in significantly higher levels of TNF-α, IFN-γ, Th1/Th2 ratio and increased tumor
specific T-cell response 4 weeks after cryoablation but responses were not sufficiently
maintained to prevent cancer relapse13. Synergistic and systemic effects were shown when
cryoablation was combined with immune modulators. Udagawa, et al14. showed that
cryoablative pretreatment enhances the efficacy of dendritic cells vaccine stimulated with
BCG-CWS ex vivo, resulting in the induction of tumor-specific CD8+ T cells responsible for
the in vivo tumor regression of both treated and remote untreated tumors. Efficacy of
cryoablation-induced in vivo vaccination was further improved by the addition of
unmethylated cytosine-phosphate-guanine (CpG) oligonucleotides (ODNs) or depletion of
T-regulatory cells7, 14. Cryoablation combined with peritumoral injection of immune
adjuvant CpG showed increased tumor specific IFN-γ+ cells predominantly in the tumor-
draining lymph nodes and protected ~90% of all mice after re-challenging with a lethal dose
of melanoma tumor cells in tumor-free mice after 40 days10. Another study showed presence
of OVA-specific CD8+ T-cells in B16OVA tumors indicating that cryoablation plus CpG-
ODN results in synergistically improved DC functions and development of OVA-specific T-
cells9. Increased serum Th1/Th2 ratio was observed in the immune reactive group compared
to local effect group in 13 patients with irresectable hepatic tumors treated with
percutaneous cryosurgery15.

Most of the thermal-based methods of tumor destruction including radiofrequency ablation,
laser or focused ultrasound exert hyperthermic effects and differ in mode of tumor
destruction compared to hypothermic based-cryoablation methods16-18. Cryoablation causes
most cells to undergo ischemic necrosis whereas cells at the periphery of the ice ball
undergo programmed cell death, and majority of the cryo-released antigens are non-
denatured intact antigens19, 20. Recent animal studies show that cryotherapy is appreciably
better than heat-based ablation for immune stimulation7, 9, 21. den Brok et al compared
conventional ex-vivo loaded DC vaccine with cryoablated or radiofrequency ablated tumors
as a source for in vivo DC loading and showed higher numbers of antigen loaded DC in
tumor draining lymph nodes after cryoablation when compared to those found after
radiofrequency ablation or conventional DC vaccine7.Tumor antigens in necrotic debris,
apoptotic bodies, or lysates derived from tumor cells can be processed and presented to
naïve T-cells by DC22, 23. Combination of available immune drugs, such as GM-CSF with
percutaneous pulmonary cryotherapy may allow monitoring of immune effects and
documentation of continued low morbidity when combined.

GM-CSF is the most potent and well-studied adjuvant approved for human use24 and the
only agent that has been delivered as an aerosol. The advantages of aerosol therapy for
immunomodulation include low systemic toxicity, high pulmonary drug concentration,
increased lymphatic absorption, home administration and highly focused activation of
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macrophages and lymphocytes25. Multiple cytokines have been utilized in aerosol
formulation but GM-CSF has been the prime candidate for induction of an “in vivo dendritic
cell vaccine”24, 25. Combination of immune modulator, such as GM-CSF with percutaneous
pulmonary cryotherapy may induce measurable immune responses and allow monitoring of
immune effects. In this study, we investigated whether percutaneous cryotherapy in
combination with GM-CSF can induce systemic and cellular and humoral immune responses
to pulmonary metastases from RCC. GM-CSF was chosen because it is a well-known
immune adjuvant24, 26, 27.

Materials and Methods
Study design and patients

Patients with pulmonary metastases from any primary were eligible. Six of the 8 registered
patients had pulmonary metastases from primary RCC, 1 patient from chondrosarcoma, and
1 patient from esophageal carcinoma. In this report, we are presenting data only from the 6
metastatic RCC (mRCC) patients. Patient characteristics are summarized in Table 1. The
Institutional Review Board of Wayne State University approved this protocol. All patients
underwent the informed consent process and signed consent forms in compliance with
HIPAA guidelines.

The schema for the protocol is summarized in Figure 1. Patients were selected for at least
one mass deemed to have unobstructed access (e.g., peripheral or no intervening central
vasculature) and capable of undergoing 2 sessions of cryotherapy for complete tumor
coverage. An 18 gauge histology core biopsy was taken through a 17 gauge Trocar needle
immediately prior to the placement of at least two small (≤ 2.4 mm) cryo-probes which
bracket the periphery of the mass during the same CT-guided procedure session. Placement
in probe density according to tumor size has been previously described, emphasizing rapid
freeze and cytotoxic temperatures throughout the tumor528. Prior to initiating the freeze, an
interstitial injection of GM-CSF (250 μg) was administered near the tumor via the guiding
17 gauge Trocar needle used for biopsy. This limits repeated punctures and potentially locks
the GM-CSF in place as the ice forms (GM-CSF is not altered by freezing). On the fourth
day of post-cryotherapy rest, one week of twice-daily aerosolized GM-CSF (250 μg/dose)
was administered followed by three weeks of rest for a total of four weeks before the second
treatment cycle was initiated. This follows the same format as the first cycle with the first
treated area already showing some cryotherapy-induced necrotic cavitation.

PBMC and serum collection
Blood and serum were collected at the indicated time points in Figure 1, assuming full
patient compliance. Whole blood and serum samples were collected prior to therapy and 4 to
6 samples were collected up to 63 days post cryoablation and stored for immune studies.
Peripheral blood mononuclear cells (PBMC) isolated from whole heparinized blood by
Ficoll-hypaque density gradient centrifugation were cryopreserved until use.

Cell lines
The human RCC cell lines RC-2 and KCI-18 and NK-cell sensitive cell line K562 were
maintained in RPMI-1640 culture medium (Lonza Inc., Allendale, NJ) supplemented with
10% fetal bovine serum (FBS) (Lonza Inc., Allendale, NJ), 2 mM L-glutamine (Invitrogen,
Carlsbad, CA), 50 units/ml penicillin, and 50 μg/ml streptomycin (Invitrogen, Carlsbad,
CA). These cells served as in vitro target cells for cytotoxicity assays, and sources for tumor
antigens for interferon-gamma (IFN-γ) EliSpots and in vitro antibody synthesis and
detection.

Thakur et al. Page 3

J Immunother. Author manuscript; available in PMC 2014 January 16.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Assessment of immune responses
Cytotoxicity assay—Cytotoxic T-lymphocyte (CTL) response to RCC was evaluated in
PBMC to assess the specific and non-specific target killing by chromium (51Cr) release
assay in 96-well flat-bottomed microtiter plates as previously described 29. Briefly, patient
PBMC were plated in triplicate onto target cells (4 × 104 cells/well by mixing equal
numbers of RC-2 and KCI-18 cells) at effector/target (E:T) ratios of 10:1, 5:1, and
2.5:1. 51Cr release was measured after 18 hours and percent cytotoxicity was calculated
using the following formula: (experimental cpm -spontaneous cpm) / (maximum cpm -
spontaneous cpm) × 100.

EliSpots for IFN-γ-secreting T cells—PBMC were tested for IFNγ secreting T-cells (a
surrogate marker for CTL and T helper activity) using EliSpots assay. IFNγ secreting T-cells
were assessed after an 18 hour exposure to the specific or non-specific cell lines at E:T of
10:1 in EliSpot plates. Briefly, 96-well plates (BD Biosciences San Jose, CA) were coated
with purified anti-human IFNγ antibodies (BD Biosciences San Jose, CA). After washing
and blocking with RPMI 10% FBS, appropriate numbers of specific or non-specific cells
were added to the plates and incubated overnight at 37°C. Plates were washed with
deionized water prior to washing with PBS/0.05% Tween-20 and incubated with IFNγ-
specific antibody conjugated to horseradish peroxidase (HRP) (BD Biosciences San Jose,
CA). The assay was developed with 3-amino-9-ethylcarbazole (AEC) as a chromogenic
substrate (Becton Dickinson), EliSpots were captured and counted on a CTL Immunospot
Counter (Cellular Technology Ltd, Shaker Heights, OH) using Immunospot software
version 4 (Cellular Technology Ltd, Shaker Heights, OH).

Development of an in vitro model for assessing the humoral immune
response—PBMC were washed 5-6 times to remove passive serum antibodies prior to
plating in co-cultures for the induction of specific anti-RCC antibody production. One
million PBMC were co-cultured with 5 μg/ml CpG-B, or control CpG oligonucleotide
(ODNs) (CpG B [2006, TCG TCG TTT CGT CGT TTT GTC GTT] or CpG control DNA
[TGC TGC TTT TGT GCT TTT GTG CTT] purchased from Cooley Parmaceutical group
(CA). ODNs were used at 5 μg/ml concentration based on pre-titrated optimal antibody
responses of PBMC.

Cultures were exposed to RC-2+KCI-18 cells (40,000 cells/well) for 48 h, then non-adherent
co-culture suspensions were removed from the plates on day 2 and re-plated on a new plate
and incubated for 14 days. Cultures were set up in 250 μl RPMI 1640 medium supplemented
with 10% fetal bovine serum, antibiotics, and L-glutamine. Cells were also supplemented
with IL-2 every 3rd day (100 IU/106 cells). Control cultures were kept in medium without
CpG or cancer cells. Supernatants were collected at day 14 and assayed for RC-2+KCI-18
specific antibodies by enzyme linked immunosorbent assay (ELISA).

Antibody detection by ELISA—Tumor-specific antibodies (Ab) were identified by a
cell-based ELISA as described previously 30. RC-2 and KCI-18 were plated in flat-bottomed
96 well plates at a concentration of 50,000 cells/well. Cells were allowed to settle and spread
at room temperature for 30 minutes, supernatant were removed, and plates were stored at
−20°C. Prior to use, cells were fixed with absolute ethanol at 4°C for 10 minutes followed
by blocking with 1% bovine serum albumin (BSA) and 1% normal goat serum (NGS) in
PBS with 0.05% Tween 20 (PBST). Serial dilutions of supernatants (sups) for co-cultures
for the induction of in vitro specific antibody synthesis or serum were placed into the wells
to bind to tumor antigens on the fixed tumor cells. After 1 h incubation at 37°C, the plate
was washed and HRP conjugated goat anti-human IgG was added and incubated for another
30 minutes at 37°C. Plates were developed by adding 3,3′,5,5′-tetramethylbenzidine (TMB)
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substrate (Pierce Bioscience, Rockford, IL) for 10-15 minutes followed by the addition of 2
N H2SO4 to stop the reaction. Developed plates were read on a Tecan microplate reader
(Tecan, Durham, NC) at a wavelength of 450 nm. The amount of antibody binding to the
tumor antigens was calculated from a standard curve generated by known amounts of
antibody (anti-human EGFR,) bound to a fixed number of tumor cells. Culture supernatants
containing just PBMC consistently produced <15 ng/ml of antibodies.

Flow cytometry—PBMC (1 × 105) were washed 3x with phosphate buffered saline (PBS)
+ 0.2 % BSA and stained for 30 minutes at 4°C with anti-CD3-FITC/PE/APC, anti-CD4-
FITC/PE/APC, anti-CD45RO-APC, anti-CD8-PerCP/APC, anti-CD56-PerCP, anti-CD16-
PE, anti-CCR7-PE, anti-CD25-PE antibodies (BD Biosciences, San Jose, CA) at optimal
concentrations. Three or Four-color data acquisition was performed with a flow cytometry
(BD Biosciences San Jose, CA). Data analysis was performed using FacsDiva forward
versus side-scatter gating on viable lymphocytes.

Measurement of cytokine secretion—Serum cytokines were quantitated in patient
serum collected at pre- and post-cryoablation immune monitoring time points using 25-plex
human cytokine Luminex Array (Invitrogen, Carlsbad, CA) in Bio-Plex system (Bio-Rad
Lab., Hercules, CA) according to the manufacturer’s instructions. The multiplex panel
include interleukin 1β (IL-1β), IL-1 receptor antagonist (Ra), IL-2, IL-2R, IL-4, IL-5, IL-6,
IL-7, IL-8, IL-13, IL-17, tumor necrosis factor (TNF-α), interferon-alpha (IFN-α), IFN-γ,
GM-CSF, Macrophage inhibitory protein (MIP)-1α, MIP-1β, interferon-inducible protein
(IP)-10, MIG, Eotaxin, Regulated on Activation Normal T Cell Expressed and Secreted
(RANTES) and Monocyte chemotactic protein (MCP)-1. The limit of detection for these
assays is < 10 pg/mL based on detectable signal of > 2 fold above background (Bio-Rad).
Cytokine concentration was automatically calculated by the BioPlex Manager Software
(Bio-Rad), which uses a standard curve derived from recombinant cytokine standards.

Clinical responses—This study was not designed to assess or correlate outcomes of CI
with clinical outcomes of tumor size and/or patient disease burden. As such, standard
definitions of complete and partial responses (CR and PR) had to be slightly modified to
reflect ablation scar resolution5, 6 during the time course of 6 and 12 month clinical follow-
up. Namely, a CR was defined as involution of the prior tumor and/or ablation site to only a
thin, non-enhancing scar within the pulmonary parenchyma on enhanced chest CT. A PR
was defined as incomplete resolution of an otherwise thoroughly hypovascular resolving
ablation zone which had reached a diameter smaller than the original tumor size. Stable
disease (SD) reflects no significant change in size of ablation site and/or overall tumor
burden, while the standard definition for progressive disease (PD) remains as evidence of
neTw or growing tumors.

Statistical analyses—Since the sample sizes were very small, only descriptive statistical
graphics were needed to present the data, including dot plots and line plots. In the dot plots,
the median of the distribution was marked with a dash. Analyses were performed using
GraphPad Prism version 7.00 for Windows (GraphPad Software, San Diego, CA).

Results
Specific cytotoxic activity observed in patients PBMC after cryo-immunotherapy

In order to determine whether CI induced the development of tumor-specific CTL, PBMC
were tested for cytotoxicity against two renal cell carcinoma cell lines RC-2 and KCI-18.
Figure 2A (Upper panel) shows an apparent increase in specific cytotoxicity mediated by
PBMC directed at RC-2+KCI-18 RCC cells mixed at equal ratio. In 4 of 6 patients peak
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cytotoxicity ranged from 7 to 30 % at E:T of 10:1 at day 11 post cryoimmunotherapy
(postCI) compared to pre cryoimmunotherapy (preCI) PBMC. Although there were
fluctuations between time points, maximum specific cytotoxicity was at day 11 and the
cytotoxicity persisted up to 63 days, ranging from 5 to 25% (Figure 2A, Upper panel). NK
cell mediated cytotoxicity also increased against NK sensitive-K562 cells in all four patients
who also showed increased specific target cell killing in postCI PBMC samples compared to
preCI PBMC. Two out of four patients did not show any specific target killing also did not
show any NK cell mediated killing (Figure 2A, Lower panel). Patients that showed
increased specific and NK cell mediated cytotoxicity were defined as responding patients (n
= 4) and patients that did not exhibit any specific or NK cell mediated killing were defined
as non-responding patients (n = 2). Both, specific and NK mediated cytotoxicity were
apparently higher in responding patients compared to non-responding patients. These data
show that the specific cytotoxicity by PBMC persisted up to 2 months postCI in responding
patients.

Cryo-immunotherapy induced IFNγ secreting T- cells
The number of IFNγ secreting T-cells was measured by a direct EliSpots at 10:1 E:T ratio in
6 RCC patients to define the kinetics of the CTL responses from preCI to day 63 post CI
(Figure 2B). Sufficient cryopreserved PBMC at the serial time points from each patient were
thawed and tested for EliSpots. EliSpots ranging from 20–-400 cells/106 PBMC preCI
increased 2-4 fold to 50–1,600 IFNγ EliSpots/106 PBMC between day 11 to day 63 postCI.
The median (481) number of IFNγ secreting T cells was higher in responding patients
compared to non-responding patients (140) at all time points postCI. Figure 2B shows the
tumor-specific (Upper panel), NK cell specific (Middle panel), and unstimulated EliSpot
responses (Bottom panel) as a function of days after CI. No responses were observed to a
non-small cell lung cancer cell line (irrelevant control, data not shown).

Induction of in vitro specific anti-tumor antibody responses
In order to determine whether PBMC contained memory B cells that had been “immunized”
by CI, we tested PBMC in an in vitro antibody synthesis assay before and after CI in all six
mRCC patients. PBMC were co-cultured with RC-2 + KCI-18 in the presence or absence of
CpG ODN for 14 days. All responding patients showed elevated antibody levels on day 32
and 42 post therapy (0-81 ng/ml pre-therapy vs. 50-150 ng/ml post-therapy) in the presence
of CpG ODNs (Fig. 2C). Supernatants of co-cultures from non-responding patients showed
lower levels of in vitro antibody synthesis at day 32 or day 42 postCI compared to the
responding patients. Specific antibody synthesis by PBMC provides evidence for the
development of tumor specific T-helper activity for antibody production. No antibody was
detected in the culture supernatants tested against irrelevant control Daudi cell line (data not
shown).

Specific antibody response observed in patient serum
To determine whether CI induced in vivo humoral immune responses to RCC, serum
samples were analysed for antibodies against RCC cells in one responding patient and one
non-responding patient. Increased anti-RC-2+KCI-18 serum antibodies were present in both
patients postCI (Figure 2D). Both patients showed higher antibody titers to RCC cells
postCI compared to preCI serum samples ranging from (1000 ng/ml to 4500 ng/ml).

Cryoimmunotherapy induced effector memory T-cells
To address the T cell responses against mRCC in vivo, PBMC from pre and postCI were
phenotyped for CD4+, CD8+, CD4+/CD25+high T cells (Tregs), NK cells, and effector
memory T cells (TEM, CD8/CD45RO/CCR7−). Phenotypic analysis was done in responding
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and non-responding patients at pre and various postCI time points to determine the kinetics
of change in T and NK cell population in PBMC. Non-responding patients showed transient
decreases in the proportion of all T-cell population (CD4+, CD8+ and, TEM) that recovered
by day 11 postCI (Figs. 3A, 3B and 3C). All responding patients showed consistently low
numbers of Treg cells compared to non-responding patients (Figure 3D). No difference in the
proportions of CD4+, CD8+ and, TEM cells were observed from day 11 to day 63 between
responding and non-responding patients. NK cell population increased transiently at day 1
postCI in responding patients compared to PreCI and non-responding patients (Data not
shown).

Cryoimmunotherapy induced cytokine response
Next, we examined whether cryoablation would induce endogenous cytokine and chemokine
responses that could be detected in the serum. Since serum was only collected from one
responding patient and one non-responding patient due to protocol restrictions, cytokine and
chemokine profiles were tested in only those two patients (one responder and one non-
responder). Proinflammatory cytokines such as IL-1β, TNFα and IFNα showed striking
differences between the responder and the non-responder mRCC patients. All three
cytokines were higher in the responder mRCC patient (IL-1β, 223-395 pg/ml; TNFα 7-14
pg/ml; IFNα,122-180 pg/ml) compared to the non-responding patient (IL-1β, 0-32 pg/ml;
TNFα 2-6 pg/ml; IFNα,16-77 pg/ml). Similarly, Th1 biased cytokines IFN-γ, IL-12, GM-
CSF increased in the responding patient compared to the non-responding patient (Fig 4 A).
On the other hand, Th2 cytokines showed no distinct pattern. Levels of IL-10 were very low
in both patients except for one time point at which the IL-10 from the non-responding
patient transiently increased more than 50 fold compared to the baseline levels (Fig 4 B).
IL-4 and IL-15 levels were significantly higher in the responder compared to the non-
responder at all postCI time points. Similar to cytokines, chemokine RANTES was higher in
the non-responding patient postCI compared to the responding patient (Fig.4 C).

Clinical responses
Out of 6 patients, the 4 responding patients all had clear cell variety of RCC and showed
potent, persistent CTL and antibody responses in immune monitoring studies following CI.
One of the 2 non-responders had a sarcomatoid variety of RCC, while the other had clear
cell carcinoma. Patients with persistent immune responses also showed better clinical
outcomes. The CT scans at 63 days or 2 months post and 6 months post cryoablation showed
marked shrinkage of ablated tumor masses in all patients, response for non-ablated tumor
masses was observed only in one out of six patients (Table 2b). One patient showed a
complete response (CR) and three patients showed either partial responses (PRs) or stable
disease (SD) at the 2 and/or 6 month follow-up visits (Table 2a and 2b). Two of the patients
in this study were not able to fully tolerate the second regimen of aerosolized GM-CSF.
Both patients complained of significant shortness of breath during the first cycle and did not
receive the aerosolized portion of the second cycle, yet received their second ablation with
the interstitial GM-CSF without difficulty. Of these two patients, who did not complete the
second cycle, one was responder and one was non-responder.

Discussion
This is the first study to report the induction of cellular and humoral anti-tumor immune
responses in patients after combination immunotherapy using cryoablation with GM-CSF to
treat pulmonary metastasis of mRCC. Patients received two cycles of CT-guided
cryoablation + 250 μg of peri-tumoral GM-CSF followed by twice daily dose of 250 μg of
aerosolized GM-CSF as an immune adjuvant. GMCSF is likely to augment DC functions by
enhancing uptake, processing, and presentation of tumor antigens released by cryoablation
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to naive T-cells leading to the development of a robust systemic immune response against
tumor. The advantages of aerosol therapy for immune-modulation, particularly for
pulmonary metastasis, include low systemic toxicity, high pulmonary drug concentration,
increased lymphatic absorption, home administration, and highly focused delivery/activation
of immune cells25.

Higher specific cytotoxicity in 4 out of 6 patients paralleled high numbers of IFN-γ
producing cells, increased Th1/Th2 ratio, specific RCC antibody responses, and high NK
mediated cytotoxicity suggest an activation of T-, B- and NK cells postCI. These data
suggest the effectiveness of CI to induce both cellular and humoral anti-tumor activity in
mRCC patients. Out of six patients, two (defined as nonresponders) neither exhibited
cytotoxicity against specific targets nor showed induction of RCC specific antibody at any
time point postCI. It is noteworthy that the two non-responding patients showed increased
proportion of Treg cells early after postCI and a decreased Th1/Th2 ratio; these conditions
may have been responsible for their non-responsiveness.

Since cytokines and chemokines play critical roles in migration, proliferation, maturation,
and activation of immune cells, cytokine and chemokine milieu at the tumor site will shape
immune responses. We, therefore, assessed the effect of CI on the cytokine pattern in
responding and non-responding patients by multiplex cytokine array. The cytokine/
chemokine profiling showed distinct patterns for responders versus non-responders.
Predominant cytokines and chemokines were those associated with the inflammation,
recruitment, differentiation, and activation of immune cells. The combination cryoablation +
GM-CSF therapy led to a significant increase in serum IL-12, IFN-γ, GM-CSF, and IL-4
levels peaking first between days 1 and 11 followed by a second peak at day 32 postCI in
responding patient ( Figure 4A). Intriguingly, T-cell proliferation related cytokines such as
IL-2 and IL-15 also increased 24 h postCI in the responding patient with no detectable levels
in the non-responding patient. IL-15 promotes differentiation of CD8+ T-cells into TEM
whereas IL-2 directs CD8+ T cells to preferentially differentiate into TCM

31, 32. We
observed a patient with progressive disease who tended toward Th2-type responses, and a
patient with PR who showed a Th1-polarizing responses postCI, underscoring the
importance of Th1 responses in anti-tumor activity. Our findings are consistent with
previous studies showing that high serum cytokine Th1/Th2 ratios in responding patients not
only had local immune effects but their distal metastatic lesions also became necrotic while
non-immune responding patients had high levels of IL-10 before and after CI33. However, in
our study it is difficult to interpret whether these enhanced immune responses are
exclusively due to the combination of CI with GM-CSF since we did not evaluate GM-CSF
alone, or cryotherapy alone as controls.

A number of studies have shown potential clinical benefits of image-guided percutaneous
cryotherapy over a surgical procedure as a primary intervention for localized disease,
irresectable metastases, or as salvage therapy34-37. However, there have been no systematic
studies to evaluate CI-induced immune responses and their association with clinical
responses. Development of immune responses following CI is not only affected by
combination of immune adjuvants/vaccines but also by the freeze rate, the total freezing
time, the number of freeze-thaw cycles, and the mode of administration of the immune
adjuvant. Pulmonary metastases in our study received high cytotoxic freeze rates, which
may be important since Sabel et al.11 recently reported that freeze rates can alter immune
responses from stimulatory to suppressive in nature. Cryoablation using a high freeze rate
resulted in a significant increase in tumor-specific T cells in the tumor draining lymph nodes
(TDLN), a reduction in pulmonary metastases, and improved survival. In contrast,
cryoablation using a low freeze rate resulted in an increase in regulatory T cells, a
significant increase in pulmonary metastases, and decreased survival 11. Similarly, Nierkens

Thakur et al. Page 8

J Immunother. Author manuscript; available in PMC 2014 January 16.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



et al. showed that the route of CpG administration can enhance the in situ activation of DC
and anti-tumor immunity10. Since development of immune response depends upon multiple
factors, variability in any of the parameters may change the nature of immune response
following cryoablation as seen in previous studies displaying the range of immunological
responses7, 10-12, 38. Based on our data we propose that “cryoshock” along with the immune-
adjuvant properties of GM-CSF not only releases tumor antigens by cryolysing of tumor
cells but also induces release of multiple cytokines and chemokines (Fig. 5). CI induced
immune milieu leads to the recruitment, differentiation, and activation of immune cells
including T-, B-, APCs, and NK cells. Recruited APCs may uptake the tumor antigens and
migrate to the regional lymph nodes and present tumor antigens to naïve T-cells resulting in
the clonal expansion of tumor specific T- and B-cells. Tumor antigen specific T-cells and B-
cells along with the activation of innate immune cells may help eliminate the residual tumor
cells at the ablated site as well as at distal sites. Modulating the immunologic milieu prior to
cryoablation is also being investigated, particularly in relation to Treg cells in their
production of tumor tolerance or blocking anti-tumor functions. Cyclophosphamide has been
shown to reduce Treg cells and is being explored in conjunction with cryoablation for
patients with metastatic prostate and RCC39. Such modulation and improvement of CI
protocols will be crucial to effect sustained immune vigilance against tumor recurrence in
the future. In spite of encouraging data, this study has two major limitations: 1) the sample
size is very small; and 2) the absence of control arm of GM-CSF alone precludes an
assessment of the GM-CSF effect independent of cryotherapy.

In summary, our data suggest that CI not only has a direct local anti-tumor effect but also
results in the development of systemic immune response. These results suggest that the
combination strategy of CI with the immune adjuvant GM-CSF may provide a method for in
situ immunization in patients against their own tumors and these vaccine responses may lead
to persistent clinical responses with optimized CI protocols.
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Figure 1.
Treatment schema and blood collection for patients with pulmonary mRCC.
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Figure 2. Evidence of tumor specific cytotoxicity, IFN-γ EliSpots and in vitro antibody synthesis
A) Upper graph shows specific cytotoxicity (median [marked by a dash] and range)
mediated by PBMC from 6 patients at the indicated time points directed at RCC-2+KCI-18.
Cytotoxicity was performed at an E:T ratio 10:1 in 4 responding and 2 non-responding
mRCC patients. Lower graph shows NK-mediated killing directed at K562 in 4 responding
and 2 non-responding mRCC patients. B) Shows the IFN-γ Elispots (median and range)
produced by PBMC at preCI, days 11, 32, 42, and 63 after CI from 4 responding and 2 non-
responding mRCC patients upon 18 h stimulation either with RC-2+KCI-18 (Upper) or
K562 (Middle) or left unstimulated (Bottom). C) Shows in vitro RCC specific antibody
synthesis (median and range) by PBMC exposed to RC-2+KCI-18 cells in the presence of
CpG. D) shows the serum antibody titers against RC-2+KCI-18 in one responding patient
and one non-responding patient.
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Figure 3. Effect of cryoimmunotherapy on the lymphocyte population
A) Show the percentage of positively immunostained cells for CD4+, B) Show the
percentage of CD8+, C) Show the percentage of CD8+TEM (CD45RO+/CCR7−) and B)
Show the percentage of Treg (CD4+/CD25+high) lymphocyte population in PBMC from 4
responding and 2 non-responding mRCC patients phenotyped by flow cytometry.
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Figure 4. Cytokine/chemokine profile of patient serum
A) Shows serum levels of cytokines, IFN-γ, IL-12, IL-2, IL-15, GM-CSF, and IL-4 at
indicated time points postCI. For better visualization of the data, a different scale on the Y-
axis was used for each cytokine in one responding patient and one non-responding patient.
B) Shows serum levels of inflammatory cytokine TNF-α, IL-1β, IFN-α and immune
suppressive cytokine IL-10. C) Shows the serum levels of chemokines RANTES, MIP-1a,
MIP-1b, MCP-1, IP-10 and IL-8 in one responding patient and one non-responding patient.
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Figure 5. A proposed model of cryoimmunotherapy induced in vivo immunization of patients’
endogenous immune cells
Tumor antigens and soluble factors released from dying and apoptotic tumor cells induce
release of cytokines as a function of cryoimmunotherapy. Cytokines (IL-4 and GM-CSF)
can induce maturation and activation of monocytes to DC. Maturation and activated antigen
primed DC can process and present antigen to naïve T-cells leading to T- and B-cell
interactions (IL-12 and IFN-γ), cell proliferation, and differentiation of T cells supported by
IL-2 and IL-15 into tumor specific CTL and T helper cells for specific antibody producing
cells.
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Table 2b

Tumor regression at day 63 and 6 months post cryoablation.

Patients Location of two
Mets ablated

Ablation
zone

(Volume in
cm3)

Day 63
(Volume in

cm3)

6M
(Volume in

cm3)

Description

mRCC1

RUL 4.5×2.6×3.0cm
(35.1)

1.4×1.4×2.1cm
(4.1)

1.0×0.3×0.4 cm
(0.12)

New and increased pulmonary
mets and new

perihepatic, right nephrectomy site
and right parapsoasLeft costophrenic

angle
4.5×3.0×3.0cm

(36)
3.1×1.1×1.3cm

(4.43)
2.8×0.7×0.7cm

(1.37)

mRCC2

RUL 4.0×3.7×3.5cm
(51.8)

2.5×1.6×1.4cm
(5.6)

2×0.8×1.5cm
(2.4) stable right paratracheal and

Hilar adenopathyparatracheal mass 2.4×2.3×2.0cm
(11)

5.5×4.5×5.5cm
(136)

5.5×4.6×5.5cm
(139)

mRCC3

LLL 4.8×3.4×4.0cm
(65.3)

4.4×2.6×3.0cm
(34.3)

2.3×2.5×1.8 cm
(10.3) Increase in left lower nodule,

left hilar and subcarinal nodesLLL 4.2×3.1×3.1cm
(40.3)

3.7×2.2×2.5cm
(20.3)

1.5×0.8×1.0 cm
(1.2)

mRCC5

LLL 4.0×3.0×3.5cm
(42)

1.7×1.4×1.0 cm
(2.4)

resorbed

Slow progression of lung mets,
increased right renal massRLL 3.0×4.5×3.0cm

(40.5)
2.1×3.0×2.9 cm

(18.3)
resorbed

mRCC7

RLL 4.6×3.0×4.0cm
(55.2)

2.6×1.1×2.4 cm
(6.8)

resorbed

Increase in hilar node,
right lung base increasedLeft costophrenic

angle
4.0×3.0×3.0cm

(36)
2.6×2.6×2.6 cm

(17.6)
1.4×1.1×1.0cm

(1.54)

mRCC8

RLL 4.8×4.2×4.0cm
(80.6)

2.6×2.1×2.1cm
(11.5)

1.1×1.6×1.2cm
(2.1) Stable (non-ablated) nodules in

RML and RUL lungRLL 2.6×3.7×3.0cm
(28.8)

2.7×4.3×2.1cm
(24.4)

2.6×1.7×2.1cm
(9.2)

Mets: Metastases; RUL: Right Upper Lobe; LLL: Left Lower Lobe; RLL: Right Lower Lobe; b/l: bilateral; Parenthesis show the tumor volume in

cm3
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