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Glial tumors are the most common type of primary
brain tumor, and malignant gliomas are the most
common glial tumors. Furthermore, malignant
gliomas are refractive to current therapeutic
approaches including surgery, radiotherapy, and
chemotherapy. The current median survival of
patient with glioblastoma multiforme with today’s
standard therapy including radiation and temozo-
lomide is 14 months."? Given their complex
biology, and invasive spread along white matter
tracts, an alternative treatment strategy is needed.
Surgical resection cannot completely remove the
numerous infiltrating neoplastic cells, and radia-
tion subjects non-neoplastic tissues to toxic and
collateral damage. Modulation of the immune
system, or immunotherapy, provides the ideal
candidate of therapeutic attack as it allows for
specific targeting of cancer cells.®>'® In recent
years, several candidates have been identified as
reasonable approaches to combating malignant
gliomas.

The recent expansion of knowledge regarding
tumor immunobiology and the clinical application
of this knowledge has led to a need for immune
monitoring technology to identify successful and
unsuccessful therapies. Immunomonitoring could
provide more information about the immunologic
state and overall effectiveness of the intervention
than the current practices of serial radiologic
imaging. Given the multimodal therapies that exist,
it is not surprising that there are multiple means of
monitoring immune system function. This article

gives a broad overview of standard approaches
used to examine current immunotherapies and
their clinical potential in monitoring immuno-
therapy for malignant gliomas.

T-CELL MEDIATED RESPONSES AND T-CELL
FUNCTION ASSAYS

Based on the current understanding of the immune
response to cancerous cells, gliomas create
a tumor microenvironment that suppresses
immune function and allows the tumor to evade
the host, cell-mediated, killing pathways. In the
past, cellular immune responses were detected
by measuring cytotoxicity, proliferation, or the
release of cellular mediators such as cytokines.
These laboratory tests typically involved in vitro
preincubation of antigens with cultured cells.
These analyses, however, were limited in their
ability to estimate the quantity of cells that existed
in a given population. The advent of the enzyme-
linked immunosorbent spot (ELISPOT), Tetramer,
cytokine flow cytometry, and chromium-release
assays provide the capability of measuring clonal
expansion of populations of antigen-responsive T
cells.

A study by Galon and colleagues'® demon-
strated that T-cell presence in colorectal cancer
tissue is predictive of overall prognosis. Further-
more, data has demonstrated that T-regulatory
cell activity increases in patients with known
malignant gliomas.!” These cells are thought to
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later suppress cytotoxic T-cell activity and reduce
the systemic response to tumor burden. Current
clinical trials are monitoring systemic T-cell
responses after vaccinations.

ENZYME-LINKED IMMUNOSORBENT ASSAY

Proteins that are secreted into the extracellular
space, by tumor cells or neighboring host immune
cells, can be monitored to identify multiple vari-
ables. These agents can identify if the host is
amounting an attack on the tumor cells. It can
also identify if the tumor is actively evading
immune surveillance. Therefore, understanding
the composition of circulating proteins in the inter-
cellular space of tumor and self tissue provides
valuable therapeutic and prognostic implications.
The enzyme-linked immunosorbent assay (ELISA)
was first developed in 1983 by Czerinkinsky and
colleagues for the purpose of identifying and
quantifying antibody secreting cells. It was later
also used for quantifying antigens. The assay
involves the administration of a known antibody
to a solution of unquantified antibody or antigen.
The known antibody is tagged with a known signal
that is used for analysis and identification. It is
common practice to add a second antibody to
bind to the first administered antibody, to amplify
the signal that is produced.

ELISAs are highly sensitive, reliable, and accu-
rate tests.’® This method of analysis will prove
invaluable in different methods of monitoring the
immune response for various different therapies
due to its accuracy and wide applicability in
protein analysis.

ELISPOT

The ELISPOT assay is a modified version of the
ELISA immunoassay. ELISPOT assays were origi-
nally developed to quantify B cells secreting
antigen-specific antibodies. They were later used
to quantify the agents that were secreted by these
cells, such as cytokines.'® The ELISPOT assay
provides both qualitative (type of immune protein)
and quantitative (number of responding cells)
information. The ELISPOT assay is exceptionally
sensitive, capable of detecting cells that secrete
100 molecules of a given protein.’® This excep-
tional sensitivity is because the protein of interest
is rapidly captured around the secreting cell,
before it is either diluted in the supernatant,
captured by receptors of adjacent cells, or
degraded. There is growing interest in increased
use of ELISPOT as a measure for cytotoxic T
lymphocytes (CTL) responses, in large part
because it is reliable and highly sensitive. Results

from various clinical trials, including peptide and
whole tumor cell vaccination and cytokine treat-
ment, are now available and show the suitability
of the ELISPOT assay for monitoring T-cell
responses. The ELISPOT technique allows for
quantification of tumor-specific T lymphocytes
from peripheral blood by detecting antigen-
induced cytokine secretion.

TETRAMER ANALYSIS

A tetramer assay is used to detect the presence of
antigen-specific T cells. In order for a T cell to
detect the peptide to which it is specific, it must
both recognize the peptide and the major histo-
compatibility complex (MHC) at the surface of
a cell as it contacts it. Because the binding affinity
of a T-cell receptor (TCR) to MHC complexed with
a peptide is so low, creating a sensitive assay was
historically difficult. This problem was solved by
creating a tetramer of MHC molecules in which
all four molecules present an identical peptide. In
this manner, the avidity of the binding of the T
cell of interest was increased. The resulting mech-
anism of the assay involves adding the MHC-
peptide tetramer to an unknown quantity of T cells.
The tetramer is then bound to the T cells that
recognize the peptide sequence of interest. The
tetramer is then stained typically by fluorescence
labeling and bound T cells are measured using
flow-cytometry.

Currently tetramer analysis has been used
successfully in several phase | and Il clinical trials
for advanced staged melanoma vaccine trials
and malignant gliomas.’'% When combined with
functional analyses such as staining for specific
cytokines, tetramer analysis can provide valuable
information about T cells and their activation state.

CHROMIUM RELEASE ASSAY

The chromium release assay was developed by
Brunner and colleagues®® and quantifies CTL
activity by measuring target cell lysis. The process
involves bathing target cells with chromium. These
labeled cells are then mixed with various amounts
of effector T cells. The killing of these labeled cells
causes a release of chromium into the supernatant
after cell lysis. The accumulated chromium is
quantified and compared with spontaneous
release rates, to quantify functional CTL activity.
Results are typically reported in lytic units.

This assay is dependent on the binding of CTL to
target cells via TCR-binding and other accessory
adhesion molecules. The crosslinking and binding
of the TCR-receptor complex initiates the T-cell
lytic process. The lytic process can occur over
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several minutes to several hours, and variations in
any of the above-mentioned processes can alter
results. Consequently, the chromium release
assay is not a good assay to examine slow-acting
mediators of cytotoxicity. Furthermore, the devel-
opment of tetramer staining of MHC class |
complexes has provided a more rapid and sensi-
tive method of quantifying antigen-specific CD8
T cells.

DISCUSSION

Given the multimodal nature of immunologic
therapy regimens today. Monitoring the immune
response to immunotherapy covers a number of
technological modalities and a broad under-
standing of current practices in immunotherapy.
As these therapies continue to take a foothold in
current clinical practice, a basic understanding of
the principles, techniques, and weaknesses of
these assays should be understood. Of the
above-mentioned assays, the ELISPOT has been
used the most frequently for monitoring of vacci-
nation trials. Its frequent use is a direct result of
its highly sensitive capabilities in detecting and
quantifying antigen-reactive T cells.?"

Several pitfalls of immune monitoring have been
noted and often provide some difficulty in
analyzing gathered data. A great potential source
of variability lies in the heterogenous nature of
the tumors being evaluated. It is commonly under-
stood that features that make tumors highly
aggressive make them also highly variable in their
genetic and pathologic phenotype. In malignant
gliomas alone, the location of the tissue and the
medical comorbidities of the patients can also
affect findings. Many of these patients have under-
gone, and are still being treated with other
previous therapies that could affect immune func-
tion. The frequent use of dexamethasone in
combating brain edema and the use of Temodar,
and more recently Avastin, have unknown effects
on current immune monitoring practices.

Correlation with Clinical Outcome

The ultimate question that remains, does immuno-
logic monitoring provide any prognostic signifi-
cance? Although little data exists in the field of
immunotherapy of gliomas, data gathered from
systemic cancers suggests that immunologic
response may be important to prognosis.??

One reason for the lack of correlation between
immunologic response and clinical outcome may
be the complexity of the responses required for
an anti-tumor response. For example, cytokine
production, usually interferon gamma, by T cells
in vitro, in response to antigen-specific or

polyclonal stimuli, is measured in an attempt
to demonstrate type 1 helper T cells cellular
responses.’3

Moreover, it has been clearly shown that the
presence of a high number of circulating
effector-type T cells is not enough to induce clin-
ical efficacy.?327

Reliability of Assays

Many of these assays are currently used at the
benchside for accurate and reliable measure-
ments of the presence and quantity of antibody
or antigen. The highly controlled nature and
systematic controls offered with lab work may
not be practically or financially feasible for clinical
use. Significant work in producing clinically acces-
sible assays is still left to be fully explored and
developed.

Standardization of Inmunological Monitoring

Harmonization of methods for monitoring the
induction of antigen-specific T-cell responses in
clinical vaccination trials has been identified as
a key area of development within the field. The
purpose of monitoring immunologic outcomes in
response to immunotherapeutic treatments is
fourfold:

1. To determine the effectiveness of a vaccine to
elicit the correct type of immune response.
This will further aid in understanding the nature
and dynamics of the response elicited by
a particular modality and provide proof-of-prin-
ciple for ensuring trials.

2. Determination of elements of the immune
response that correlate with clinical response.
This is vital to understanding the dynamics
and magnitude of immune responses that are
required to elicit clinical responses.

3. Armed with such knowledge, immunologic
responses may be uses as surrogate markers
for clinical responses, which may ultimately
be useful, if validated, as end-points in the later
clinical trials.

4. There is an increasing recognition of the impor-
tance of obtaining immunologic data that are
comparable between different clinical trials.

This area has been identified as highly important
in developing to help move the field forward.
Therefore, several consortiums have been created
to address this issue, including the Immunoassay
Proficiency Panel (organized by the Cancer
Vaccine Consortium) and the Cancer Immuno-
therapy Monitoring Panel.
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The future of immune monitoring

It is become increasingly clear that monitoring T-
cell function in the patient with malignant cancer
will be one of the mainstays of clinical oncologic
practice. The ultimate goal for immunomonitoring
in immunotherapy is to provide enough informa-
tion to influence decision-making for later therapy
or therapies.

REFERENCES

1.

Pardoll D, Allison J. Cancer immunotherapy:
breaking the barriers to harvest the crop. Nat Med
2004;10:887-92.

. Stupp R, Mason WP, van den Bent MJ, et al. Radio-

therapy plus concomitant and adjuvant temozolo-
mide for glioblastoma. N Engl J Med 2005;352(10):
987-96.

. Heimberger AB, Archer GE, Crotty LE, et al.

Dendritic cells pulsed with a tumor-specific peptide
induce long-lasting immunity and are effective
against murine intracerebral melanoma. Neurosur-
gery 2002;50(1):158-64 [discussion: 164-6].

. Heimberger AB, Crotty LE, Archer GE, et al

Epidermal growth factor receptor VIl peptide vacci-
nation is efficacious against established intracere-
bral tumors. Clin Cancer Res 2003;9(11):4247-54.

. Liau L, Black K, Prins R, et al. Treatment of intracra-

nial gliomas with bone marrow-derived dendritic
cells pulsed with tumor antigens. J Neurosurg
1999;90(6):1115-24.

. Liau L, Fakhrai H, Black K. Prolonged survival of rats

with intracranial C6 gliomas by treatment with TGF-
beta antisense gene. Neurol Res 1998;20(8):742-7.

. Liau LM, Jensen ER, Kremen TJ, et al. Tumor immu-

nity within the central nervous system stimulated by
recombinant Listeria monocytogenes vaccination.
Cancer Res 2002;62(8):2287-93.

. Liau LM, Prins RM, Kiertscher SM, et al. Dendritic

cell vaccination in glioblastoma patients induces
systemic and intracranial T-cell responses modu-
lated by the local central nervous system tumor
microenvironment. Clin Cancer Res 2005;11(15):
5515-25.

. Parsa AT, Waldron JS, Panner A, et al. Loss of tumor

suppressor PTEN function increases B7-H1 expres-
sion and immunoresistance in glioma. Nat Med
2007;13(1):84-8.

. Prins RM, Graf MR, Merchant RE. Cytotoxic T cells

infiltrating a glioma express an aberrant phenotype
that is associated with decreased function and
apoptosis. Cancer Immunol Immunother 2001;
50(6):285-92.

. Sampson JH, Akabani G, Archer GE, et al. Progress

report of a Phase | study of the intracerebral microin-
fusion of a recombinant chimeric protein composed
of transforming growth factor (TGF)-alpha and

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

a mutated form of the Pseudomonas exotoxin termed
PE-38 (TP-38) for the treatment of malignant brain
tumors. J Neurooncol 2003;65(1):27-35.

Sampson JH, Crotty LE, Lee S, et al. Unarmed,
tumor-specific monoclonal antibody effectively
treats brain tumors. Proc Natl Acad Sci U S A
2000;97(13):7503-8.

Yang |, Kremen TJ, Giovannone AJ, et al. Modula-
tion of major histocompatibility complex Class |
molecules and major histocompatibility complex-
bound immunogenic peptides induced by inter-
feron-alpha and interferon-gamma treatment of
human glioblastoma multiforme. J Neurosurg
2004;100(2):310-9.

Yu JS, Liu G, Ying H, et al. Vaccination with tumor
lysate-pulsed dendritic cells elicits antigen-specific,
cytotoxic T-cells in patients with malignant glioma.
Cancer Res 2004;64(14):4973-9.

Yu JS, Wheeler CJ, Zeltzer PM, et al. Vaccination of
malignant glioma patients with peptide-pulsed
dendritic cells elicits systemic cytotoxicity and intra-
cranial T-cell infiltration. Cancer Res 2001;61(3):
842-7.

Galon J, Costes A, Sanchez-Cabo F, et al. Type,
density, and location of immune cells within human
colorectal tumors predict clinical outcome. Science
2006;313(5795):1960-4.

Fecci PE, Mitchell DA, Whitesides JF, et al.
Increased regulatory T-cell fraction amidst a dimin-
ished CD4 compartment explains cellular immune
defects in patients with malignant glioma. Cancer
Res 2006;66(6):3294-302.

Janetzki S, Panageas KS, Ben-Porat L, et al
Results and harmonization guidelines from two
large-scale international Elispot proficiency panels
conducted by the Cancer Vaccine Consortium
(CVC/SVI). Cancer Immunol Immunother 2008;
57(3):303-15.

Klinman DM, Nutman TB. ELISPOT assay to
detect cytokine-secreting murine and human cells.
Curr Protoc Immunol 2001. Chapter 6: p. Unit 6
19.

Brunner KT, Mauel J, Cerottini JC, et al. Quantitative
assay of the lytic action of immune lymphoid cells on
51-Cr-labelled allogeneic target cells in vitro; inhibi-
tion by isoantibody and by drugs. Immunology
1968;14(2):181-96.

Schmittel A, Keilholz U, Thiel E, et al. Quantification
of tumor-specific T lymphocytes with the ELISPOT
assay. J Immunother 2000;23(3):289-95.

Korangy F, Ormandy LA, Bleck JS, et al. Sponta-
neous tumor-specific humoral and cellular
immune responses to NY-ESO-1 in hepatocellular
carcinoma. Clin  Cancer Res 2004;10(13):
4332-41.

Speiser DE. Immunological techniques: ex vivo
characterization of T cell-mediated immune



24.

25.

Immune Responses After Glioma Immunotherapy

responses in cancer. Curr Opin Immunol 2005;17(4):
419-22.

Speiser DE, Cerottini JC, Romero P. Tumor cell
recognition efficiency by T cells. PLoS Med 2005;
2(3):e77, author reply €95.

Speiser DE, Romero P. Toward improved immuno-
competence of adoptively transferred CD8+ T cells.
J Clin Invest 2005;115(6):1467-9.

26.

27.

Dannull J, Su Z, Rizzieri D, et al. Enhancement of
vaccine-mediated antitumor immunity in cancer
patients after depletion of regulatory T cells. J Clin
Invest 2005;115(12):3623-33.

Dannull J, Nair S, Su Z, et al. Enhancing the immu-
nostimulatory function of dendritic cells by transfec-
tion with mRNA encoding OX40 ligand. Blood 2005;
105(8):3206-13.

199




	Monitoring Immune Responses After Glioma Vaccine Immunotherapy
	T-cell mediated responses and T-cell function assays
	Enzyme-linked immunosorbent assay
	ELISPOT
	Tetramer analysis
	Chromium release assay
	Discussion
	Correlation with Clinical Outcome
	Reliability of Assays
	Standardization of Immunological Monitoring
	The future of immune monitoring


	References


