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and Fas Ligand Expression on Brain Tumor Endothelium.”

HIGHLIGHTS:

Severa cell-level mechanisms appear to prevent the immune system from launching and sustaining an
effective attack against gliomas, aggressive and deadly brain tumors that are now considered incurable. In two
articlesin a specid edition of the Journal of Neuro-oncology, researchers at Cedars-Sinai’s Maxine Dunitz
Neurosurgica Ingtitute report that immune system cells produced by the thymus appear to be especialy
important in targeting glioma cells, but the number of those cells is reduced even before they |eave the gland.
Those that initialy survive may later be damaged or destroyed as they approach the tumor cells.

CEDARSSINAI RESEARCHERSDETAIL EVENTSTHAT ENABLE BRAIN TUMORSTO
WEAKEN IMMUNE SYSTEM

LOSANGELES CA (July 25, 2003)—- In an article appearing in a specia issue of the Journal of Neuro-
oncology, researchers at Cedars-Sinai Medical Center’s Maxine Dunitz Neurosurgica Ingtitute describe a
complex cell-level process that allows malignant brain tumors to protect themselves by damaging the thymus,
rapidly degrading the immune system. In a second article, Institute scientists identify a molecular mechanism
that causes cell death of cancer-fighting lymphocytes as they infiltrate a brain tumor. The specid edition will
be published July 25, 2003.

“We are dissecting and better understanding the mechanisms that enable tumors to evade destruction by the
immune system. This gives us new tools in our fight against brain cancer, to essentialy correct these deficits
and further enhance the ability of the immune system, not only to detect but also to destroy brain tumors,” said
Keith L. Black, M.D., director of the Institute, Cedars-Sinai’ s Division of Neurosurgery and the
Comprehensive Brain Tumor Program.

In an animal study, researchers found that intracranial gliomas — aggressive brain tumors — damage the
thymus, the gland responsible for the development and potency of the immune system’s T cells. As the thymus
shrinks and its normal structure becomes distorted, many of the thymocytes — the “immature’ cells destined to
become functional T cells potentialy capable of destroying a variety of antigens — undergo a process that
weakens and kills them.

Thymocytes are derived from bone marrow and as they travel through the thymus they go through a natura
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selection process that removes the weakest and prepares the strongest to become lymphocytes that can later
adapt as needed to meet a variety of immune chalenges. When an intracranial gliomais present, the
researchers found, the number of healthy T cells leaving the thymus is dramatically reduced, preventing a
large-scale attack on the tumor.

Changes to the thymus and “recent thymic emigrant” (RTE) T cells are similar to those seen in advanced
cases of AIDS, inwhich HIV causes thymocyte death. In glioma progression, researchers believe
glucocorticoids, hormones produced by the adrena glands, are involved in the loss of thymocytes.

The authors noted that physical stress on the body may play a significant role because it causes the release of
glucocorticoids. In rats that had their adrena glands removed to reduce the production of glucocorticoids, the
damaging effects were significantly less pronounced.

This finding may aso have implications for the way physicians currently treat swelling of brain tissuein
patients who have brain tumors. Synthetic glucocorticoids administered to reduce intracranial pressure are
highly effective for this purpose but their impact on the thymus and T cells may be further inhibiting an aready
embattled immune system.

Although CD8(+) cells are produced elsawhere in the body, those originating in the thymus appear to have
specid relevance in anti-glioma immunity, according to the study.

“1t appears that these recent thymic emigrant T cells preferentialy home to gliomas or they have an enhanced
anti-tumor activity that allows them to home there preferentialy,” said Christopher J. Wheeler, Ph.D.,
research scientist and corresponding author on both papers.

“In a sense, we see two mechanisms working against each other,” said Dr. Whedler, “Recent thymic emigrant
T cells are homing to the tumor, but there is a subversion of thymic function by the tumor itself. Therefore,
while we have those cells preferentially homing — they’ re enriched relative to other cells— we don’t have alot
of those cells to begin with.”

According to the second paper, the tumor’s immediate environment also changes in away that thwarts an
effective tumor-infiltrating response.

The population of “types’ of T cells found in aggressive, maignant tumors was out of balance compared to the
response seen in benign tumors. Benign tumors had a high proportion of CD8(+) T cells compared to CD4(+)
T cdls, which isan indication of a strong tumor-killing immune response. In contrast, nearly dl gliomas
exhibited greater proportions of CD4(+) relative to CD8(+) T cdlls.

This manipulation of tumor-infiltrating lymphocytes does not appear to be controlled by the tumor cells
themselves but at |east to some extent by properties of surrounding tissue, and the ratio correlated directly with
the involvement of specific protein molecules detected in nearby cells.

The suspect proteins, Fas ligand (FasL) and Fas, exist in norma brain and blood vessel lining tissue and play a
role in immune system regulation. Based on this study, however, they aso are expressed on tumor-associ ated
endothelia cells where they may intercept the cancer-fighting T lymphocytes. Endothelia cells make up the
lining of blood vessdls.

According to the article, increasing levels of endothelial FasL correlated with decreasing proportions of tumor-
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infiltrating cytotoxic T lymphocytes — tumor-killing immune cells. This suggests the possibility that Fas ligand
contributes to atumor’ s ability to evade the immune system.

Taken together, the studies indicate that malignant brain tumors are protected against immunity because the
number of potential T cells is reduced in the thymus, and those that initially survive may later be damaged or
destroyed.

Malignant gliomas continue to be considered incurable with a short length of survival, although researchers at
the Institute have devised a vaccine strategy that has provided encouraging resultsin early trias. The
treatment, called dendritic cell immunotherapy, assists the immune system in recognizing cancer cells as
targets for attack, but it depends on the existence of healthy T cellsto launch and sustain the immune
response.

“The immune system will try to fight off amalignant brain tumor but because it does not accomplish this very
effectively, we're trying to enhance its ability with our cancer vaccine and other therapies,” said Dr. Black,
who holds Cedars-Sinai’ s Ruth and Lawrence Harvey Chair in Neuroscience.

“We know that the strongest predictor of survival in patients with brain tumorsis age. The younger immune
system is better able to put up resistance than an older immune system because the thymus naturally becomes
weaker and it has fewer precursors of immune cells to recruit in the fight against the tumor. We observe a
strong correlation between the survival of atumor and patient age, which is directly proportiona to the number
of T cells produced by the thymus.”

The current studies provide insights that may lead to methods to prevent loss of T cells, repair those that
become damaged, and strengthen and replenish the supply needed to contain and destroy brain tumors.

Robert M. Prins, Ph.D., isfirst author of “Thymic Function and Output of Recent Thymic Emigrant T Cells
during Intracranial Glioma Progression.” The study was supported in part by a grant from the American Brain
Tumor Association, the MCV Brain Tumor Foundation, a VCU/MCV Graduate Fellowship, and the Maxine
Dunitz Neurosurgicd Institute. Flow cytometry was supported, in part, by Nationd Institutes of Health Grant
P30 CA 16059.

John S. Yu, M.D., co-director of the Comprehensive Brain Tumor Program at Cedars-Sinai’s Maxine Dunitz
Neurosurgical Ingtitute, isfirst author of “Intratumoral T Cell Subset Ratios and Fas Ligand Expression on
Brain Tumor Endothelium.” This work was supported by the Maxine Dunitz Brain Tumor Research
Foundation and NIH Grant NS02232.

Cedars-Sinai is one of the largest nonprofit academic medical centers in the Western United States. For the fifth
straight two-year period, it has been named Southern Californias gold standard in health care in an independent
survey. Cedars-Sina isinternationally renowned for its diagnostic and trestment capabilities and its broad
spectrum of programs and services, as well as breakthroughs in biomedical research and superlative medical
education. Named one of the 100 "Most Wired" hospitalsin health care in 2001, the Medica Center ranks
among the top 10 non-university hospitals in the nation for its research activities.
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