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INTRODUCTION 

Recent advances in a number of areas of biology and medicine have made it reasonable to 

consider the use of monoclonal antibodies in the treatment of patients with rheumatic diseases, such 

as rheumatoid arthritis and systemic lupus erythematosus. These include an increasing understanding 

of the immunopathogenesis of these conditions, development of the technology to produce large 

amounts of appropriate monoclonal antibodies and information from animal models of rheumatic 

diseases, as well as transplant patients, undergoing monoclonal antibody treatment. Because of rapid 

developments in each of these areas and the continued lack of safe and effective therapy for many 

rheumatic conditions, a number of clinical trials have been initiated to examine the effect of 

monoclonal antibody therapy in rheumatic diseases. Most of these trials have focused on rheumatoid 

arthritis, but some initiatives in other diseases have also begun. 

It should be noted that most of these therapies are aimed at pathophysiologic processes, not 

underlying causes. If these diseases are caused by abnormalities in immunoregulation that can be 

influenced by monoclonal antibody mediated perturbations of the immune system, cure by correction 

of the immunoregulatory aberration might be feasible. However, if these diseases are caused by 

exogenous agents that cannot be cleared by the immune system and thereby lead to persistent' 

inflammation, disease suppression rather than cure would be the expected result. The results of the 

trials should give some insight into these issues. One reason to examine the effects of monoclonal 

antibody treatment on rheumatic diseases, therefore, is to gain additional insight into these and other 

questions concerning the immunopathogenesis of these conditions. Even if the initial trials do not 

produce practical therapeutics, the administration of monoclonal antibodies should test hypotheses 

about the immunopathogenesis of the diseases. It should also be pointed out that this approach is 

in its infancy. No controlled trials have been done. Only patients with advanced disease 

unresponsive to conventional therapy have been treated. Therapy with a very limited number of 

monoclonal antibodies has been attempted. Although the early results have been promising and 

instructive, it is too early to determine whether monoclonal antibody therapy will evolve as a 

standard treatment for rheumatoid arthritis and other rheumatic diseases. 

2 



MONOCLONAL ANTIBODIES 

KOhler and Milstein described the technique to produce monoclonal antibodies in 1975 and were 

awarded the Nobel Prize in Medicine in 1984 for this discovery. In essence, a monoclonal antibody 

is produced by immunizing a suitable host, usually a mouse, rat, or hamster with an antigen and then 

immortalizing the antibody-secreting B cells by fusion with a non- secreting drug-sensitive myeloma 

cell line. The normal antibody secreting cells cannot survive indefinitely in an in vitro culture 

system. Similarly, the tumor cell line cannot survive in selection medium (hypoxanthine, 

aminopterin, thymidine; HAT) because of an enzyme deficiency (hypoxanthine-guanine 

phosphoribosyl transferase, HGPRT). Thus, only hybridoma cells (normal B cells fused to tumor 

cells) will survive in this medium. If a hybridoma that produces the antibody of interest is identified 

and subjected to a cloning procedure that results in monoclonality (derivation of all progeny from 

a single cell), a monoclonal antibody of desired specificity is produced. 

KOhler G and Milstein C: Continuous culture of fused cells secreting antibody of predefined 

specificity. Nature 256:495-497, 1975. 
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FACTORS DETERMINING THE EFFECTIVENESS 

OF TREATMENT WITH MONOCLONAL ANTIBODIES 

I. Immunoglobulin heavy chain isotype 

- Complement activation 

- Fe interactions 

II. Density of the recognized antigen 

III. Specific epitope recognized 

IV. Production of antibodies to the monoclonal antibody 

- Alter clearance 

- Block function 

- Increase activity 

I. Waldmann H: Manipulations of the T cell responses with monoclonal antibodies. Ann. Rev. 

Immunol. 7:407-44, 1989. 

2. Jonker M, Nooij FMJ, Steinhof G: Effects of CD4 and CD8 specific monoclonal antibodies 

in vitro and in vivo on T cells and their relation to the allograft response in Rhesus 

monkeys. Transplant Proc. 19:4308-4314, 1987. 

3. Jonker M, Den Brok JH: Idiotype switching of CD4-specific monoclonal antibodies can 

prolong the therapeutic effectiveness in spite of host anti-mouse lgG antibodies. Eur. J. 

Immunol. 17:1547-1553, 1987. 

4. Jaffers GJ, Fuller TC, Cosimi AB, Russell FS, Wino HJ, Colvin RB: Monoclonal antibody 

therapy. Antiidiotypic and non-antiidiotypic antibodies to OKT3 arise despite intensive 

immunosuppression. Transplantation 41:572-582, 1986. 

5. Schroff RW, Foon KA, Beatty SM, Oldham RK and Morgan AC: Human anti-murine 

immunoglobulin response in patients receiving monoclonal antibody therapy. Cancer Res. 

45:879-885, 1985. 

6. Courtenay-Luck NS, Epentos AA, MooreR, Larche M, Pectasides D, Dhokia Band Ritter 
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M: Development of primary and secondary immune response to mouse monoclonal 

antibodies used in the diagnosis and therapy of malignant neoplasm. Cancer Res. 46, 6489-

6493, 1986. 

7. Goldstein G, Fuccello AJ, Norman DJ, Shield CF, Colvin RB and Cosimi AB: OKT3 

monoclonal antibody plasma levels during therapy and the subsequent development of host 

antibodies to OKT3. Transplantation 42:507-510, 1986. 
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APPROACHES TO IMPROVE THE EFFECTIVENESS OF 

TREATMENT WITH MONOCLONAL ANTIBODIES 

1. Use of dass-switcb variants 

2. Use of multiple monoclonal antibodies 

3. Use of immunotoxins 

4. Use of humanized antibodies 

Ia. Cobbold SP, Thierfelder S, Waldmann H: Immunosuppression with monoclonal antibodies: 

a model to study the rules for effective serotherapy. Mol. Bioi. Med. 1:285, 1983. 

b. Thierfelder S, Cobbold SP, Kummer U, Waldmann H, Schuh R: Anti-lymphocyte 

antibodies and marrow transplantation. Exp. Haematol. 13:948, 1985. 

c. Cobbold SP, Jayasuriya A, Nash A, Prospero T, Waldmann H: Therapy with monoclonal 

antibodies by elimination of T -cell subsets in vivo. Nature 312:548, 1985. 

d. Cobbold SP, Martin G, Lovat P, Waldmann H: Immunosuppression with monoclonal 

antibodies-rules for effective serotherapy. Adv. Exp. Med. Bioi. 186:789, 1985. 

2a. Hughes-Jones NC, Gorick BD, Howard JC: The mechanism of synergistic complement 

mediated lysis of rat red cells by monoclonal lgG antibodies. Eur. J.Immunol. 13:635, 1983. 

b. Bindon C, Hale G, Clark MR, Waldmann H: Therapeutic potential of monoclonal antibodies 

to the leucocyte common antigen: Synergy and interference in complement mediated lysis. 

Transplantation 40:538, 1985. 

c. Bindon C, Hale G, Hughes-Jones M, Gorick B, Waldmann H: Synergistic complement lysis 

by monoclonal antibodies to the human leucocyte common antigen requires both the classical 

and alternative pathways. Mol. Immunol. 24:587, 1987. 

d. Qin S, Cobbold SP, Tighe H, Benjamin R, Waldmann H: CD4 Mab pairs for 

immunosuppression and tolerance induction. Eur. J. Immunol. 17:1559, 1987. 

3a. Vitetta ES, Fulton RJ, May RD, Till M, Uhr JW: Redesigning nature's poisons to create 

anti-tumor reagents. Science 238:1098-1104, 1987. 
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b. Olsnes S, Sandvig K, Petersen OW and van Deurs B: Immunotoxins, entry into cells and 

mechanisms of action. Immunol. Today 10:291 -295, 1989. 

c. Frenkel AE: Immunotoxins: Kluwer Academic Publishers. Boston. 1988. 

4a. Jones PT, Dear PH, Foote J, Neuberger MS and Winter G: Replacing the complementarity 

determining regions in a human antibody with those from a mouse. Nature 321:522- 525, 

1986. 

b. Riechmann L, Clark M, Waldmann H and Winter G: Reshaping human antibodies for 

therapy. Nature 332:323-327, 1988. 

c. Gorman SC, Clark MR, Routledge EG, Cobbold SP and Waldmann H: Reshaping a 

therapeutic CD4 antibody. Proc. Natl. Acad. Sci. 88:4181-4185, 1991. 
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SIDE EFFECTS OF 

MONOCLONAL ANTIBODY THERAPY 

1. Cytokine Release syndrome 

2. Allergic manifestations 

a. Ortho multicenter transplant study group: A randomized clinical trial of OK T3 monoclonal 

antibody for acute rejection of cadaveric renal transplants. N. Engl. J. Med. 313:337-342, 

1985. 

b. Chatenoud L, Ferran C, Legendre C, Franchimont P, Reuter A, K,reiss H, Bach JF: Clinical 

use of OKT3: The role of cytokine release and xenosensitization. J. Autoimmunity 1:631-

340, 1988. 

c. Thistlethwaite JR, Stuart JK, Mayes JT, Gabler AO, Woodle S, Buckingham RM, Stuart FP: 

Complications and monitoring of OKT3 therapy. Am. J. Kidney Dis. 11:112-119, 1988. 
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EVIDENCE THAT T CELLS PLAY AN IMPORT ANT ROLE IN THE 

PATHOGENESIS OF RHEUMATOID ARTHRITIS 

1. Phenotypic analysis indicates that activated T cells play a role in the pathogenesis 

- presence of activated T cells in the circulation 

- synovial tissue is infiltrated with T cells 

- activated T cells in the synovial fluid and tissue 

2. Improvement with maneuvers that deplete T cells 

- thoracic duct drainage 

- total lymphoid irradiation 

- lymphapheresis 

1a. Fr0land SS, Natvig JB, Busby G: Immunological characterization of lymphocytes in synovial 

fluid from patients with rheumatoid arthritis. Scan d. J. Immunol. 2:67-73, 1973. 

b. Sheldon PJ, Papamichail M, Holborow EJ: Studies on synovial fluid lymphocytes in 

rheumatoid arthritis. Ann. Rheum. Dis. 33:509-514, 1974. 

c. Utsinger PD: Synovial fluid lymphocytes in rheumatoid arthritis: Arthritis Rheum. 18:595-

602, 1975. 

d. Van Boxel JA, Paget SA: Predominantly T -cell infiltrate in rheumatoid synovial 

membranes. N. Engl. J. Med. 293:517-520, 1975. 

e. Loewi G, Lance EM, Reynolds J: Study of lymphoid cells from inflamed synovial 

membranes. Ann. Rheum. Dis. 34:524-528, 1975. 

f. Burmester GR, Yu DTY, Irani AM, Kunkel HG, Winchester RJ: Ia+ T cells in synovial 

fluid and tissue of patients with rheumatoid arthritis. Arthritis Rheum. 24:1370-1376, 1981. 

g. Forre 0, Dobloug JH and Natvig JB: Augmented numbers of HLA-DR-positive T 

lymphocytes in the synovial fluid and synovial tissue of patients with rheumatoid arthritis 

and juvenile rheumatoid arthritis. Scan d. J. Immunol. 15:227, 1982. 
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h. Fox RI, Fong S, Sabharwal N, Carstens SA, Kung PC and Vaughan JH: Synovial fluid 

lymphocytes differ from peripheral blood lymphocytes in patients with rheumatoid arthritis. 

J. Immunol. 128:351, 1982. 

i. Kluin-Nelemans HC, van der Linden JA, Gmelig-Meyling FH and Schuurman HJ: HLA­

DR positive T lymphocytes in blood and synovial fluid in rheumatoid arthritis. J. 

Rheumatol. 11:272, 1984. 

J. Salmon M, Bacon PA, Symmons DP and Blann AD: Transferrin receptor bearing cells in 

the peripheral blood of patients with rheumatoid arthritis. Clin. Exp. Immunol. 62:346, 

1985. 

k. Poulter L W, Duke 0, Panayi GS, Hobbs S, Raftery MJ and Janossy G: Activated T 

lymphocytes of the synovial membrane in rheumatoid arthritis and other arthropathies. 

Scand. J. Immunol. 22:683, 1985. 

l. Hemler ME, Glass D, Coblyn JS and Jacobson JG: Very late activation antigens on 

rheumatoid synovial fluid T lymphocytes. Association with stages ofT cell activation. J. 

Clin. Invest. 78:696, 1986. 

m. Jahn B, Burmester GR, Gramatzki M, Weseloh G, Stock P and Kalden JR: Intraarticular 

T lymphocytes in monarticular and oligoarticular inflammatory joint diseases. Normal 

subset distribution and less numbers of activated T cells indicate major differences as 

compared to rheumatoid arthritis. J. Rheumatol. 13:254, 1986. 

n. Goto M, Miyamoto T and Nishioka K: 2 dimensional flow cytometric analysis of activation 

antigens expressed on the synovial fluid T cells in rheumatoid arthritis. J. Rheumatol. 

14:230, 1987. 

o. Jahn B, Burmester GR, Stock P, Rohwer P and Kalden JR: Functional and phenotypical 

characterization of activated T cells from intra-articular sites in inflammatory joint diseases: 

possible modulation of the CD3 antigen. Scand. J. lmmunol. 26:745, 1987. 

p. Pitzalis C, Kingsley G, Lanchbury JS, Murphy J and Panayi GS: Expression of HLA­

DR, DQ and DP antigens and interleukin-2 receptor on synovial fluid T lymphocyte subsets 
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in rheumatoid arthritis: evidence for "frustrated" activation. J. Rheumatol. 14:662, 1987. 

q. Nakao H, Eguchi K, Kawakami A, Migita K, Otsubo T, Ueki Y, Shimomura C, Tezuka H, 

Mastsunaga M, Maeda K, Nagataki S: Increment of Tal positive cells in peripheral blood 

from patients with rheumatoid arthritis. Arthritis Rheum. 16:907, 1989. 

r. Smith MD, Roberts-Thomson PJ: Lymphocyte surface marker expression in rheumatic 

diseases: evidence for prior activation of lymphocytes in vivo. Ann. Rheum. Dis. 49:81, 

1990. 

s. Potocnik AJ, KinneR, Menninger H, Zacher J, Emmrich F and Kroczek RA: Expression 

of activation antigens on T cells in rheumatoid arthritis patients. Scand. J. Immunol. 31:213, 

1990. 

t. Hirose T, Goto M and Okumura K: HLA-DR, DQ, and DP antigen expression in synovial 

fluid T lymphocytes in rheumatoid arthritis: cell cycle analysis of HLA-DP positive cells. 

J. Rheumatol. 17:18, 1990. 

2a. Dumont AE, Mayer DJ, Mulholland JH: The suppression of immunologic activity by 

diversion of thoracic duct lymph. Ann. Surg. 160:373-383, 1964. 

b. Wegelius 0, Laine V, Lindstr6m B, Kockars M: Fistula of the thoracic duct as 

immunosuppressive treatment in rheumatoid arthritis. Acta. Med. Scand. 187:39-544, 1970. 

c. Paulus HE, Machleder HI, Levine S, Yu DTY, MacDonald NS: Lymphocyte involvement 

in rheumatoid arthritis: studies during thoracic duct drainage. Arthritis Rheum 20:1249-

1262, 1977. 

d. Kotzin BL, Strober S, Engleman EG, Calin A, HoppeRT, Kansas GS, Terrell CP, Kaplan 

HS: Treatment of intractable rheumatoid arthritis with total lymphoid irradiation. N. Engl. 

J. Med. 305:969-976, 1981. 

e. Trentham DE, Belli JA, Anderson RJ, Buckley JA, Goetzl EJ, David JR, Austen KF: 

Clinical and immunological effects of fractionated total lymphoid irradiation in refractory 

rheumatoid arthritis. N. Engl. J. Med. 305:976-982, 1981. 

f. Stober S, Tanay A, Field E, Hoppe RT, Calin A, Engleman EG, Kotzin B, Brown BW, 

Kaplan HS: Efficacy of total lymphoid irradiation in intractable rheumatoid arthritis. Ann. 
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Intern. Med. 102:441-449, 1985. 

g. Niiss1ein HG, Herbst M, Manger BJ, Gramatzki M, Burmester GR, Fritz H, Sauer R, 

Kalden JR: Total lymphoid irradiation in patients with refractory rheumatoid arthritis. 

Arthritis Rheum 28:1205-1210, 1985. 

h. Karsh J, Klippel JH, Plotz PH, Decker JL, Wright DG, Flye MW: Lymphapheresis in 

rheumatoid arthritis. Arthritis Rheum. 24:867-873, 1981. 

1. Wilder RL, Decker JL: T -inducer lymphocytes, leukapharesis and the pathogenesis of 

rheumatoid arthritis. Clin. Exp. Rheumatol. 1:89-91, 1983. 

j. Kruger K, Demant T, Kellner H, Schattenkirchner M: Die Lymphozytapherese in der 

Behandlung der chronischen Polyarthritis: Einfluss auf klinische und laborchemische 

Parameter sowie auf die Lymphozytenfunktion. Z. Rheumatol. 46-303-310, 1987. 
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1. 

2. 

3. 

MONOCLONAL ANTIBODIES USED 

TO TREAT RHEUMATOID ARTHRITIS 

Monoclonal Antibody Species I so type 

Campath 1H humanized2 hu IgG1 

RFT2 mouse IgG2a 

SD2 CHH-380 chimeric3 ? 

H6SRA1 mouse IgG1 
(CDS Plus) 

Conjugate with ricin A chain 

CDR engrafted 

Murine V H V L + human Cu 

Target Reference 

CDwS2 A 

CD7 B 

CD7 c 
CDS D,E,F 

A. Kyle V, Roddy J, Tighe H, Waldmann Hand Hazleman B: Humanized monoclonal antibody 

treatment in rheumatoid arthritis. Br. J . Rheum. 30 (suppl. 2): 89, 1991. 

B. Kirkman B, Chikanza I, Pitzalis C, Kingsley GH, Grahame R, Gibson T and Panayi GS: 

Response to monoclonal CD7 antibody in rheumatoid arthritis. Lancet 1:589, 1989. 

C. Kirkham B, Thien F, Amiot P, Denman M, Panayi GS: Chimeric (human/mouse) CD7 

monoclonal antibody treatment in rheumatoid arthritis. Brit. J. Rheumatol. 30 (Suppl 2):88, 

1991. 

D. Caperton E, Byers V, Shepard J, Ackerman S and Scannon PJ: Treatment of refractory 

rheumatoid arthritis (RA) with anti-lymphocyte immunotoxin. Arthritis Rheum. 24:5130, 

1989. 

E. Byers V, Scannon P, Fishwild D, Henkel C, Hall M, Drajesk J, Ackerman Sand Strand V: 

Patients with rheumatoid arthritis treated with a panT - lymphocyte immunotoxin: phase II 

studies. FASEB J. 4:A1855, 1990. 
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F. Strand V, Fish wild D, et al: Treatment of rheumatoid arthritis with an anti-CD5 

immunoconjugate: clinical and immunologic findings and preliminary results of re­

treatment. Arthritis Rheum. 1990; 33:S25. 
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IMMUNOSUPPRESSIVE ACTIVITIES OF MONOCLONAL ANTIBODIES 

TO CDw52, CD7 AND THE ANTI- CDS- RICIN IMMUNOCONJUGATE 

1. Allograft rejection 

2. Graft versus host disease 

1. Raftery MJ, Lang CJ, Ivory K, Tidman N, Sweny P, Fernando ON, Moorehead JF and 

Janossy G. Use of RFT2 (CD7) monoclonal antibody as prophylaxis against renal allograft 

rejection. Transpl. Proc. 17:2737, 1985. 

2. Ramakrishnan S, Uckun FM and Houston LL: Anti-T cell immunotoxins containing 

pokeweed anti-viral protein: potential purging agents for human autologous bone marrow 

transplantation. J. Immunol. 135:3616, 1985. 

3. Tax WJM, Tidman N, Janossy G, Trejdosiewicz L, Willems R, Leeuwenberg J, Dewitte TJM, 

Capel PJA and Koene RAP: Monoclonal antibody (WTI) directed against a T cell surface 

glycoprotein: characteristics and immunosuppressive activity. Clin. Exp. Immunol. 55:427, 

1984. 

4. Byers VS, Henslee PJ, Kernan NA, Blazar BR, Gingrich R, Phillips GL, LeMaistre CF, 

Gilliland G, Antin JH, Martin P, Tutscha PJ, Trown P, Ackerman SK, O'Reilly RJ and 

Scannon PJ: Use of an anti-pan T -lymphocyte ricin A chain immunotoxin in steroid­

resistant acute graft- versus-host disease. Blood 75:1426, 1990. 

5. Mathieson PW, Cobbold SP, Hale G, Clark MR, Oliveira DBG, Lockwood CM and Waldmann 

H: Monoclonal antibody therapy in systemic vasculitis. N. Engl. J. Med. 323:250-254, 1990. 

6. Hale G and Waldmann H: CAMPATH I for prevention of GVHD and graft rejection. 

Summary of results from a multicentre study. Bone marrow transplant (suppl. 3) 1:11, 1988. 
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SUMMARY OF THE RESULTS OF UNCONTROLLED 

TRIALS OF THE TREATMENT OF ADVANCED RHEUMATOID 

ARTHRITIS WITH VARIOUS ANTI-LYMPHOID CELL MONOCLONAL ANTIBODIES 

No. of Days of Biologic Clinical Adverse 
Antibody Patients Treatment Dose Effect Effect Events HAMA Retreatment 

RFT2 6 14 6mg/ day Yes 2 2 6 0 

SDZ CHH-380 10 2 4-20mg/ day Yes 0 9 0 0 

Campath IH 14 2mg/ day Yes 0 0 0 

H65 RA 79 5 0.1-0.3mg/ day Yes Yes Yes 78 Yes 
(CDS Plus) 
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RESPONSE OF PATIENTS WITH SEVERE RHEUMATOID ARTHRITIS 

TO TREATMENT WITH H-65 RA (CDS-PLUS) 

Evaluable patients 

Patients Improved 

Percentage of treated 

patients who improved 

1 

76 

55 

72 

2 

63 

24 

32 

3 

44 

22 

29 

Months 

4 

32 

20 

26 

5 

24 

18 

24 

6 

23 

14 

18 

10 

10 

8 

11 

1. Caperton E, Byers V, Shepard J, Ackerman S and Scannon PJ: Treatment of refractory 

rheumatoid arthritis (RA) with anti-lymphocyte immunotoxin. Arthritis Rheum 24:Sl30, 1989. 

2. Byers VS, Scannon P, Fishwild D, Henkel C, Hall M, Drajesk J, Ackerman Sand Strand V: 

Patients with rheumatoid arthritis treated with a pan-T -lymphocyte immunotoxin; phase II 

studies. FASEB J. 4:A1855, 1990. 

3. Strand V and Fishwild D: Treatment of rheumatoid arthritis with an anti-COS 

immunoconjugate: clinical and immunologic findings and preliminary results of retreatment. 

Arthritis Rheum. 33:S25, 1990. 
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ADVERSE EVENTS IN 76 PATIENTS 

TREATED WITH H65-RA (CDS PLUS) 

Adverse Event 

Constitutional Symptoms 

Rash 

Peripheral edema 

Myalgias, arthralgias 

Anaphylactic reactions 

Vasculitis 

Myopathy 

18 

Percentage 

65 

52 

45 

21 
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CD4 

1. S9kDA transmembrane glycoprotein expressed by helper/inducer T cells and 

monoc:yte/mac:rophages. 

2. Receptor for polymorphic: determinants on class II MHC molecules (HLA-DR) and HIV. 

3. Intracellular domain is associated with p561c:k, a lymphocyte specific: tyrosine kinase. 

4. Acts as a co-receptor with the T cell rec:eptor/CD3 complex in the functional activation ofT 

cells. 

I. Biddison WE, Rao PE, Talle MA, Goldstein G and Shaw S: Possible involvement of the 

OKT4 molecule in T cell recognition of class II HLA antigens. J. Exp. Med. 156:1065, 1982. 

2. Engleman EG, Benike CJ, Grumet C and Evans RL: Activation of human T lymphocyte 

subsets: helper and suppressor/cytotoxic T cells recognize and respond to distinct 

histocompatibility antigens. J. Immunol. 127:2124, 1981. 

3. Krensky AM, Reiss CS, Mier JW, Strominger JL and Burakoff SJ: Long-term human 

cytolytic T -cell lines allospecific for HLA-DR6 antigen are OKT4+. Proc. Natl. Acad. Sci. 

USA 79:2365, 1982. 

4. Meuer SC, Schlossman SF and Reinherz E: Clonal analysis of human cytotoxic T 

lymphocytes T4+ and T8+ effector T cells recognized products of different major 

histocompatibility complex regions. Proc. Natl. Acad. Sci. USA 79:4395, 1982. 

5. Marrack P, Endres R, Schimonkevitz R, Zlotnick A, Dialynas D, Fitch F and Kappler J: 

The major histocompability complex-restricted antigen receptor on T cells. II. Role of the 

L3T4 product. J. Exp. Med. 158:1077, 1983. 

6. Wassmer P, Chan C, Lozdberg L and Shevach EM: Role of the L3T4-antigen in T cell 

activation: II. Inhibition of T cell activation by monoclonal anti-L3T4 antibodies in the 

absence of accessory cells. J. Immunol. 135:2237, 1985. 

7. Maddon PJ, Littman DR, Godfrey M, Maddon DE, Chess Land Axel R: The isolation of 

nucleotide sequence of a eDNA encoding the T cell surface protein T4; A new member of 
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the immunoglobulin gene family. Cell 42:93-104. 

8. Geppert TD and PE Lipsky: Activation of T lymphocytes by immobilized monoclonal 

antibodies to CD3: Regulatory influences of monoclonal antibodies to additional T cell 

surface determinants. J. Clin. Invest. 81:1497-1505, 1988. 

9. Wacholtz MC, SS Patel and PE Lipsky: Patterns of co-stimulation ofT cell clones by cross­

linking CD3, CD4/CD8 and class I MHC molecules. J. Immunol. 142:4201-4212, 1989. 

10. Dalgleish AG, Beverly PCL, Clapham PR, Crawford DH, Greaves MF and Weiss RA: The 

CD4 (T4) antigen is an essential component of the receptor for the AIDS retrovirus. Nature, 

312:763-767. 1984. 

11. Klatzmann D, Champagne E, Chamaret S, Cguest J, Guetard D, Hercend T, Gluckman J­

C and Montagnier L: T -lymphocyte T4 molecule behaves as the receptor for human 

retrovirus LAY. Nature 312:767-768, 1984. 

12. Popovic M, Gallo RC and Mann DL: OKT -4 antigen bearing molecule is a receptor for the 

human retrovirus HTL V-III (Abstract). Clin. Res. 33:560A, 1985. 

13. McDougal JS, Kennedy MS, Sligh JM, Cort SP, Mawle A and Nicholson JKA: Binding of 

HTLV-111/LAV to T4+ T cells by a complex of the llOK viral protein and T4 molecule. 

Science 231:382-385. 

14. Maddon PJ, Dalgleish AG, McDougal JS, Clapham PR, Weiss RA and Axel R: The T4 gene 

encodes the AIDS virus receptor and is expressed in the immune system and the brain. Cell 

47:333-348, 1986. 

15. Doyle C, Strominger JL: Interaction between CD4 and class II MHC molecules mediates cell 

adhesion. Nature 330:256-259, 1987. 

16. Rudd CE, Trevillyan JM, Dasgupta JD, Wong LL and Schlossman SF: The CD4 receptor 

is complexed in detergent lysates to a protein-tyrosine kinase (pp58) from human T 

lymphocytes. Proc. Natl. Acad. Sci. USA 85:5190-5194, 1988. 

17. Veillette A, Bookman MA, Horak EM and Bolen JB: The CD4 and the CDS T cell surface 

antigens are associated with the internal membrane tyrosine protein-kinase p561
ck. Cell 

55:301-308, 1988. 

20 



IS. Barber EK, Dasgupta JD, Schlossman SF, Trevillyan JM, Rudd CD: The CD4 and CDS 

antigens are coupled to a protein-tyrosine kinase (p56lck) that phosphorylates the CD3 

complex. Proc. Natl. Acad. Sci. USA S6:3277-32Sl, 19S9. 

19. Veillette A, Bookman MA, Horak EM Samelson LE and Bolen JB: Signal transduction 

through the CD4 receptor involves the activation of the internal membrane tyrosine­

protein kinase p561". Nature 33S:257-259, 19S9. 

20. Turner JM, Brodsky MH, Irving BA, Levin SD, Perlmutter RM and Littman DR: 

Interaction of the unique N-terminal region of tyrosine kinase p561ck with cytoplasmic 

domains of CD4 and CDS is mediated by cysteine motifs. Cell 60:755-765, 1990. 

21. Glaichenhaus N, Shastri N, Littman DR and JM Turner: Requirement for association of 

p561ck with CD4 in antigen specific signal transduction in T cells. Cell 64:511-520, 1991. 

22. Moscicki R, Amento E, Krane S, Kurnick J and Colvin R: Modulation of surface antigens 

of a human monocyte cell line, U937, during incubation with T lymphocyte-conditioned 

medium: Detection of T4 antigen and its presence on normal blood monocytes. J. Immunol 

131:743, 19S3. 

23. Wood G, Warner N and Warnke R: Anti-Leu-3/T4 antibodies react with cells of 

monocyte/macrophage and Langerhans' lineage. J. Immunol 131:212, 19S3. 

24. Jefferies W, Green J and Williams A: Authentic T helper CD4 (W3/25) antigen on rat 

peritoneal macrophages. J. Exp. Med. 162:117, 1985. 

25. Hume DA, Allan W, Hogan PG and Doe WF: Immunohistochemical characterization of 

macrophages in human liver and gastrointestinal tract: Expression of CD4, HLA-DR, 

OKMI, and the mature macrophage marker 25F9 in normal and diseased tissue. J. Leukoc. 

Bioi. 42:474, 19S7. 

26. Perry V and Gordon S: Modulation of CD4 antigen on macrophages and microglia in rat 

brain. J. Exp. Med. 166:113S, 1987. 

27. Szabo G, Miller CL and Kodys K: Antigen presentation by the CD4 positive monocyte 

subset. J. Leukocyte Biology 47:111-120, 1990. 
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EVIDENCE THAT CD4+ T CELLS PLAY A ROLE IN THE 

PATHOGENESIS OF RHEUMATOID ARTHRITIS 

1. Predominance of CD4+ T cells in the rheumatoid synovial membrane 

2. Association of rheumatoid arthritis with the expression of particular class II MHC molecules 
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MECHANISMS OF ACTION OF MONOCLONAL ANTIBODIES 

TO CD4 IN VIVO 

1. Eliminate CD4+ T cells 

2. Alter recirculation of CD4+ T cells 

3. Inhibit the function of CD4+ T cells 

4. Eliminate or alter the function of CD4+ Monocyte/Macrophages 
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EFFECTS OF ANTI-CD4 MONOCLONAL ANTIBODIES 

IN ANIMAL STUDIES 
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EXPERIMENTAL MODELS OF HUMAN 

AUTOIMMUNE DISEASE SUCCESSFULLY TREATED 

WITH MONOCLONAL ANTIBODIES TO CD4 
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Monoclonal Antibody 

BL4 

MT151 

BF5 

VIT4 

16H5 

MT412 

MONOCLONAL ANTIBODIES TO CD4 USED 

TO TREAT RHEUMATOID ARTHRITIS 

Species Isotype Target 

mouse IgG2a CD4 

mouse lgG2a CD4 

mouse IgGl CD4 

mouse lgG2a CD4 

mouse lgGl CD4 

chimeric1 hu lgGl CD4 

1. Murine YuVL +human Cu 
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Antibody 

16H5 

BL4 

MT151 

MT151 

MTI51 

V1T4 

BF5 

MT412 

Total 

SUMMARY OF THE RESULTS OF UNCONTROLLED 

TRIALS OF THE TREATMENT OF ADVANCED RHEUMATOID 

ARTHRITIS WITH VARIOUS ANTI-CD4 MONOCLONAL ANTIBODIES 

No. of Days of Biologic Clinical Adverse 
Patients Treatment Dose Effect Effect Events HAMA 

10 7 0.3mg/ kg/ day Yes 6 4 6 

7 10 20-40mg/ day Yes Yes 3 4 

9 3-7 20-200mg/ day Yes 5 2 Yes 

18 7 20mg/ day Yes 10 0 6 

5 7 10mg/ day Yes Yes 0 3 

3 7 10mg/ day Yes Yes 0 3 

10 10 10-20mg/ day Yes Yes 2 

25 1-7 10-200mg Yes 11 Yes ? 

87 Yes 32/ 62 10/ 62 24/ 53 
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Retreatment 

4 

0 

3 

4 

0 

0 

0 
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SUMMARY OF THE EFFECTS OF TREATMENT OF 

ADVANCED RHEUMATOID ARTHRITIS WITH ANTI-CD4 

MONOCLONAL ANTIBODIES 

1. Biologic effect is uniformly obsened 

a. Decrease in circulating CD4+ T cells 

b. Decrease in T cell function 

2. Transient clinical response in about SO% 

- prolonged response in few 

- remission in none 

3. Adl'erse el'ents are infrequent and mild 

4. No sustained clinically significant immunosuppression 

S. Immunization to mouse immunoglobulin in about SO% 

6. Retreatment is comparably effective 
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IMMUNOSUPPRESSIVE ACTIVITIES OF MONOCLONAL ANTIBODIES 

TO THE INTERLEUKIN 2 RECEPTOR 
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TREATMENT OF RHEUMATOID ARTHRITIS WITH 

MONOCLONAL ANTIBODIES TO THE 

THE INTERLEUKIN 2 RECEPTOR 

Monoclonal Antibody Species Isotype Target 

Campath 6 rat lgG2b CD25 (IL2R) 
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TREATMENT OF ADVANCED RHEUMATOID 

ARTHRITIS WITH MONOCLONAL ANTIBODY 

TO THE INTERLEUKIN 2 RECEPTOR 

Monoclonal Antibody: Campath 6 

Number of patients: 3 

Days of Treatment: 10 

Dose: 25mg/ day 

Biologic effect: Not apparent 

Clinical effect: 2 

Adverse events: 2 
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OTHER TARGETS OF MONOCLONAL 

ANTIBODY THERAPY 

1. Class II MHC Molecules 

2. Adhesion Molecules 
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EXPERIMENTAL MODELS OF HUMAN AUTOIMMUNE DISEASE 

SUCCESSFULLY TREATED WITH MONOCLONAL ANTIBODIES 

TO CLASS II MHC MOLECULES 
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IMMUNOSUPPRESSIVE ACTIVITIES OF MONOCLONAL ANTIBODIES 

TO ADHESION MOLECULES 

1. Allograft rejection 

2. Antigen-induced arthritis 
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SUMMARY OF MONOCLONAL ANTIBODY 

THERAPY IN RHEUMATOID ARTHRITIS 

1. Phase 1/ 11 trials suggest efficacy in patients with advanced disease 

2. Retreatment seems possible 

3. Toxicity is acceptable 

4. Effectiveness in early disease is unknown 

S. Mechanisms of action are unclear 
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SUMMARY 

1. Preliminary trials of monoclonal antibody treatment of patients with rheumatoid arthritis have 

shown promise of efficacy. 

2. These studies have clearly confirmed that T cells and particularly CD4+ T cells play a role in 

rheumatoid arthritis. 

3. Additional controlled studies will be necessary to determine whether these monoclonal 

antibodies will be effective and practical therapy for rheumatoid arthritis. 
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