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Contents
 • Concept of immune surveillance
 • Tumor antigens
 • Immune mechanisms of tumor rejection
 • Evasion of immune responses by tumors
 • Immunotherapy for cancers
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• Tumor immunology is the study of the antigenic properties of transformed cells, the host immune response to these tumor cells, the immunologic consequences to the host of the growth of malignant cells, and the means by which the immune system can be modulated to recognize tumor cells and promote tumor eradication.
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Retinoblastoma
 Cancer in 2012:
 14.1 million new cases (3.07 million in China annually)
 8.2 million death (2.2 million in China annually)
 Cancer therapy:
 Surgery, radiotherapy, chemotherapy
 Biotherapy (Immunotherapy)?
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Concept of immune surveillance
 • Proposed by Macfarlane Burnet (1950s).
 • The physiologic function of the immune system is to prevent the outgrowth of transformed cells or to destroy these cells before they become harmful tumors and kill tumors after they are formed.
 • The cancerous disease is the result of failure of this surveillance.
 • Several lines of evidence support this idea.
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Evidence supporting the concept of immune surveillance
 Evidence Conclusion Histopathologic and clinical observations: lymphocytic infiltrates around some tumors and enlargement of draining lymph nodes correlate with better prognosis
 Immune responses against tumor inhibit tumor growth
 Experimental: transplants of a tumor are rejected by animals previously exposed to that tumor; immunity to tumor transplants can be transferred by lymphocytes from tumor-bearing animals
 Tumor rejection shows features of adaptive immunity (specificity and memory) and is mediated by lymphocytes
 Clinical and experimental: immunodeficient individuals have an increased incidence of some types of tumors
 The immune system protects against the growth of tumors (the concept of immune surveillance)
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Tumor type Relative risk
 Kaposi’s sarcoma 50-100
 Non-Hodgkin lymphoma 25-45
 Carcinoma of the liver 20-35
 Carcinoma of the skin 20-50
 Carcinoma of the cervix 2.5-10
 Melanoma 2.5-10
 Lung 1-2
 Relative risk of tumors in immunosuppressed kidney transplant recipients
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Tumor antigens
 • Tumor antigens--potential targets for cancer immunotherapy.
 • A wide variety of cellular proteins have been identified to function as tumor antigens.
 • Tumor antigens can be classified by the specificity of the antigens or by origin and nature of antigens
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Classification by specificity of the antigens
 • Tumor-specific antigen (TSA): Antigens found only in tumor cells (see next slide).
 • Tumor-associated antigen (TAA): Antigens found not only in tumor cells, but also in some normal cells, but the quantity is significantly higher in tumors than that in normal tissues.
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Classification by the origin and the nature of the antigens
 • Mutated self protein: TSAs that are induced by carcinogens or radiation.
 • Product of oncogene or mutated tumor suppressor gene: mutated Ras, Bcr/Abl fusion proteins; mutated p53 protein.
 • Overexpressed or aberrantly expressed self protein: Tyrosinase, gp100, MAGE, MART proteins in melanoma.
 • Oncogenic virus antigen: human papillomavirus E6, E7 proteins in cervical carinoma; EBNA proteins in EBV-induced lymphomas.
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Types of tumor antigens recognized by T cells
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• Ags induced by chemical/physical carcinogens
 – Little or no cross-reactivity – Ags are unique – 1 chemical + same cell type: different Ags – Ags are result of random mutations – Can induce protective anti-tumor immunity
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• Point-mutated ras oncogenes • Three mutations at codon 12 represent
 the vast of ras mutation• found in 20-30% of human tumors• Occur early in the transformation process
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• Mutated p53 suppressor genes
 • Mutation span across 4 exons.
 • Lose the function of wild-type p53.
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• Products of DNA translocation
 • bcr/abl fusion gene product (p210 Bcr/Abl) of DNA translocation of chronic myeloid leukemia (phi+, 9q34; 22q11)
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The Philadelphia chromosome (Phi+, 22q-) and chronic myeloid leukaemia (CML). BCR/ABL fusion protein enhances tyrosine kinase activity.
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Oncogene products
 • Can be overexpressed in tumors and may be expressed in fetal and adult tissues-similar to oncofetal antigens
 • Nonmutated HER-2/neu
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• Overexpressed or aberrantly expressed self antigens
 • PSA, MART-1/Melan A, tyrosinase, gp100
 • Expressed in a tumor of a given type and normal tissues from which it is derived
 • Potentially useful target for immnotherapy for tumor of prostate, ovary or melanocytes
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• Viral antigens
 • The virus is associated with the etiology of some cancers
 • Extensive cross-reactivity – 1 virus + different cell types = same
 tumor Ags – Tumor Ags = products of viral or cell
 genes activated by virus – Strongest immune responses
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•Epstein-Barr virus Burkitt’s lymphoma Nasopharyngeal carcinoma•Herpes simplex type 2 Cervical carcinoma?•Human papilloma viruses Malignant skin warts Malignant genital warts Malignant laryngeal warts•Hepatitis B virus Primary hepatocellular carcinoma•Human T lymphotropic Adult T cell leukemiavirus type 1
 – Many DNA/RNA tumor viruses in animals– Several are said to cause
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Immune mechanisms of tumor rejection
 • Cell-mediated immunity plays a key role in tumor rejection.
 • Humoral immunity (antibodies) and innate immunity also play a role in the defense against tumors.
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T cells
 • Cytotoxic T Lymphocytes (CTL)• CTLs are very effective in killing of tumor
 cells when the number of tumor cells is less, e.g. at the early stage of tumor and after surgical removal of the tumor.
 • Kill tumor cells via perforins and apoptosis
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Induction of T cell responses to tumors
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• Th cells• Th1 cells secrete cytokines such as IFN-
 and IL-2 that help activation of CD8+ CTLs or kill tumor cells.
 • Th1 cells express FasL that induce apoptosis of tumor cells.
 • Th2 cells help B cells to produce antibodies that may kill tumor cells.
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B cells
 • Serve as APCs to present tumor antigens to T cells.
 • Secrete tumor specific antibodies that may kill tumor cells by CDC and ADCC, which is effective mostly against non-solid tumors.
 • Opsonization of tumor cells: opsonized tumor cells are killed more readily.
 • Blockade of adhesive properties of tumor cells, hereby inhibiting outgrowth and metastasis of tumor.
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Macrophages
 • M are important in tumor immunity as APCs to stimulate the immune response and as potential effector cells to mediate tumor lysis.
 • Activated M may produce cytotoxic factors (such as reactive oxygen intermediates, TNF-, etc.) that mediate killing of tumor cells.
 • Studies in knockout mice have shown that the production of nitric oxide (NO), which is a mediator of tumor apoptosis, may be the most critical mechanism employed by M.
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Tumor killing by macrophages
 M + tumor cells
 (No IFN-)
 M + tumor cells
 + IFN-
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NK cells
 • Involved in immune surveillance• Non-specific, non-MHC restricted• Kill by direct contact via perforins• Kill by ADCC• Important in early stage - before
 CTLs
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Evasion of immune response by tumors
 • Immune responses often fail to check tumor growth, because these responses are ineffective or because tumors evolve to evade immune attack.
 • Immune responses against tumors may be weak that is easily outstriped by the growth of tumors.

Page 33
                        

Mechanisms by which growing tumors evade immune responses
 • Lack of tumor antigens or low antigenicity,
 antigenic modulation
 • Loss of MHC antigens, or non-classical MHC MHC-Ⅰ↓
 • Lack of Co-stimulatory molecules Tumor cells lack B7 and other adhesion
 molecules (LFA-1, LFA-3, ICAM-1); anergy
 • Tumor cells express FasL or Bcl-2 induces apoptosis of T-cell
 • Tumor cells express mCRP
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• Poor function of antigen-presenting cells
 • Immunosuppressive substances
 Tumor derived (TGF-), IL-10, VEGF…
 • Immunoselection
 – Immune attack selects tumors cells of low (no)
 immunogenicity
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• Host immunodeficiency
 – Genes, infection, suppression/depression (anesthetics,
 stress, drugs, aging)
 • Some antibodies stimulate tumor growth
 • Induction of suppressor cells
 Tumors activate suppressor cell activity (Treg, TAM, Myeloid-derived suppressor cells, toleragenic DC…)
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肿瘤 Treg 抑制免疫应答的机制
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TAM 促瘤效应的机制
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Tumor immune escape
 MDSC 髓系来源抑制性细胞小鼠 MDSC 表型 Gr-1+CD11b+
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Tumor-expanded Myeloid-derived suppressor cells （ MDSC ）
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小鼠的脾肿大的程度和肿瘤大小 (4T1) 成正相关
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4T1 荷瘤小鼠脾脏中 MDSC(CD11b+Gr-1+) 与肿瘤进展的相关性
 Institute of Immunology Zhejiang University
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4T1 荷瘤小鼠脾脏中 CD4+CD25+T cell (Treg) 与肿瘤进展的关系
 Institute of Immunology Zhejiang University
 CD4
 CD
 25
 no tumor >20mm
 12.89
 14.47
 2.29
 21.09
 tumor size 5-10mm
 7.15
 20.85
 10-15mm
 1.96
 21.79
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不同的 MDSC 亚群
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Mechanisms by which tumor evade immune responses
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肿瘤的“免疫编辑”
 R D Schreiber et al. Science 2011;331:1565-1570
 免疫逃逸
 免疫平衡
 免疫清除
 3 个阶段
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肿瘤的免疫治疗
 过继淋巴细胞治疗
 树突状细胞疫苗
 肿瘤抗原肽疫苗
 抗体
 细胞因子
 ……
 2012 年 12月2013 年六大值得关注的科学领域之一：肿瘤免疫治疗
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Active
 Non-specific BCG, Corynebacterium, cytokines
 specific Tumor vaccines or DNA antigen-pulsed dendritic cells
 Passive
 Non-specific LAK cells
 specific Antibodies alone or antibody conjugates
 Tumor Immunotherapy
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Active immunotherapy for tumors
 • Vaccination of the patient or animal model with tumor vaccines to enhance the active anti-tumor immunity
 • Types of tumor vaccines
 - Cell extracts and oncolysates
 - Whole tumor cell vaccine
 • Wild-type tumor cells
 • Gene-modified tumor cells
 - Tumor DNA vaccine
 - Tumor peptide vaccine
 - Anti-idiotype mAb vaccine
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树突状细胞（ Dendritic cell, DC ）
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Antigen presentation to T cell
 +fusion
 Antigen presentation to T cell
 lysis
 Acid elution
 synthesis
 extraction
 mRNA
 Antigen peptide
 Native peptide
 Cell lysate
 vectorcDNA
 transfectionTumor cell
 DC-based cancer vaccines
 TAA cDNA
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The Nobel Prize in Physiology or Medicine 2011
 拉尔夫 · 斯坦曼（ Ralph M. Steinman ）【已故】 1943 年出生于加拿大蒙特利尔，在麦吉尔大学学习生物学和化学。之后在美国哈佛医学院学习医学， 1968 年获得医学博士学位（ MD ）。于 1970 年被纽约洛克菲勒大学接纳，从 1988 年起成为免疫学教授。担任该校免疫学与免疫性疾病中心主任。
 发现树突状细胞
 Dendritic cells, DC
 是启动适应性免疫应答的关键细胞
 R. M. Steinman and Z. A. Cohn.J. Exp. Med. 137, 1142–1162; 1973
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恶性黑色素瘤、前列腺癌、恶性淋巴瘤、白血病、其他实体瘤（结直肠癌、 乳腺癌、卵巢癌、胰腺癌、肝胰管壶腹癌、胃癌、食管癌、转移性肾癌 、儿童青少年好发的间叶组织来源的肉瘤）的免疫治疗。
 以 DC 治疗性疫苗研发著名的 Dendroen 公司， 2005 年已经完成了前列腺癌 DC 治疗性疫苗 ( 前列腺磷酸酯酶与 GM-CSF 的融合蛋白致敏的 DC,PROVENGE) 的 I-III 期临床研究，获得了明显的疗效并于 2010 年上市。
 Michael 等采用经照射的自身肿瘤细胞刺激的 DC 经皮下输注对Ⅳ期恶性黑色素瘤患者进行了Ⅰ /Ⅱ 期的临床试验，疗效显著。
 树突状细胞瘤苗的临床应用
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国内树突状细胞疫苗临床研究现状
 • 2002 年获得 SDA I 期临床批文• 2003 年第二军医大学免疫学研究所开展
 I 期临床• 2004 年 10 月获得 SFDA II 期临床批文，
 进行 APDC 治疗转移性大肠癌的 II 期临床研究
 国内第一个 SFDA 批准的树突状细胞疫苗——“抗原致敏的人树突状细胞”（ APDC)曹雪涛，等
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Passive immunotherapy for tumors
 • Transfer of immune effectors, including tumor-specific T cells and antibodies, into tumor-bearing individuals.
 • Passive immunization against tumor is rapid but does not lead to long-lived immunity.
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Adoptive cellular therapy
 • Adoptive cellular immunotherapy is the transfer of cultured immune cells that have anti-tumor activity into a tumor-bearing host.
 • Lymphokine-activated killer (LAK) cells, and tumor-infiltrating lymphocytes (TILs).
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Adoptive cellular therapy
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CAR-T (Chimeric Antigen Receptor T Cells)
 • 患者 T 细胞通过基因工程修饰，加上一个嵌合蛋白，经过体外扩增后输至病人体内。经过嵌合蛋白修饰的 T 细胞识别攻击带有特定抗原的肿瘤细胞。
 • Maude 等， CART19 对 30 例复发性 / 难治性 B 细胞 ALL 患者有显著疗效。这些患者中， 90% 达到完全缓解，多数为持续性（ 24 个月）。 6 个月无事件生存率达 67% ，而总生存率为 78% 。
 • 诺华（ Novartis ） CTL019• 白血病，淋巴瘤、间皮瘤和胰腺癌
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CAR-T (Chimeric Antigen Receptor T Cells)
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Therapy with anti-tumor antibodies
 • Tumor-specific monoclonal antibodies may be useful for specific immunotherapy for tumor.
 • Monoclonal antibody-directed targeting immunotherapy.
 - Tumor-specific monoclonal antibodies are conjugated with cytotoxic drug, toxin, or isotope. - The Ab serves as a carrier that can specifically bind to tumor cells so that the conjugated agent can directly act on the tumor cells.
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Anti-tumor monoclonal antibodies approved for clinical use
 单抗名称 治疗靶点 适应症
 抗 CD20 （ Rituximab ）抗 CD33 （ Calicheamicin ）抗 CD52 （ Alemtuzumab ）抗表皮生长因子受体（ Hercepti
 n ）Cetuximab （ Erbitux ）Bevacizumab （ Avastin ）Ibritumomab tiuxetan （ Zevalin ）Tositumomab （ Bexxar ）
 CD20
 CD33
 CD52
 Her-2/neu
 EGFR
 VEGF90Y 标记抗 CD20131I 标记抗 CD20
 低分化 B 淋巴瘤、非霍奇金淋巴瘤
 急性髓样白血病慢性 B 细胞白血病乳腺癌晚期结直肠癌转移性结直肠癌非霍奇金淋巴瘤非霍奇金淋巴瘤
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靶向负性免疫调节分子的抗体药物
 Target immune checkpoint (CTLA-4 ， PD-1 ， PD-L1……)
 2012 年 12月2013 年六大值得关注的科学领域之一：肿瘤免疫治疗
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cytotoxic T lymphocyte associated antigen 4 (CTLA)
 静止状态：
 CTLA-4存在于 T 细胞的胞浆中
 活化状态：
 表达于细胞表面，阻止CD28 与 APC 表面 B7 的结合，抑制 T 细胞的增殖
 负向共刺激分子
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抗 CTLA-4 抗体 Ipilimumab 治疗转移性黑色素瘤
 2011 年通过 FDA 批准
 The results of Phase III clinical study
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Ipi + pbo gp100 + pbo P-value
 Secondary Comparison
 N 137 136
 0.0026
 Number of deaths 100 119
 Hazard ratio
 (95% CI)0.66 (0.51, 0.87)
 Median OS,
 Month (95% CI)10.1
 (8.0,13.8)
 6.4
 (5.5, 8.7)
 Ipilimumab Improves Overall Survival Compared to Control
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Anti-PD-1 antibody Nivolumab (BMS-936558) Safety & activity Topalian SL et al. NEJM 2012;366:2443 Docetaxel vs nivolumab: phase 3 Lambrolizumab (MK-3475)
 Anti-PD-L1 antibody BMS-936559 Safety & activity Brahmer JR et al. NEJM 2012;366:2455 Medi-4736 MPDL-3280A
 抗 PD-1, 抗 PD-L1 抗体
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NEJM 2013; Jun 2
 Nivolumab 和 Ipilimumab联合治疗黑色素瘤
 ( 抗 PD-1) ( 抗 CTLA-4)
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Nivolumab 和 ipilimumab联合治疗黑色素瘤
 NEJM 2013; Jun 2
 联合治疗组 1例病人的 CT
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Review questions
 • Tumor antigen, TAA, TSA
 • The possible mechanisms by which growing tumors evade immune responses.
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The EndThe End
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