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Tumor-derived immune suppression

• Systematic studies have identified multiple mechanisms by which 
cancers defeat the immune response:

–Immunosuppressive cytokines: TGF-β, IL-4, -6, -10, VEGF

–Immunosuppressive immune cells: T-regs, macrophages

–Disruption of immune activation signaling: loss of MHC 
receptor, IDO (indoleamine-dioxygenase) production

•Goal: therapy strategies that “liberate” underlying anticancer 
immune responses

• Immune checkpoints not even in the picture in 2008!

2



Hypoxia, inflammation and immune 
suppression
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Immunotherapeutic targets
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Fig.  1.  Agonist  antibodies  (on the  left)  and  antagonist  antibodies  (on  the  right).  Antagonist  agents  under  development  acting  on repressors  include  anti-CTLA-4

and  anti-Programmed  death-1 (PD-1).

and  GRB2-related  adaptor  protein  (Grb-2/ITK)  to  provide

its  co-stimulatory  signal  for  T  cell  activation.

T  cell-mediated  immunity  is  regulated  by  balancing  stimu-

latory  and  inhibitory  signals  that  regulate  the  response  [17].

In  the  absence  of co-stimulatory  molecules,  the  T  cells  enter

an  unresponsive  state  known  as  clonal  anergy  in  which  the

T  cells  are  incapable  of  providing  antigen-specific  immune

responses  [18].

In physiological  conditions,  immune  checkpoints  are  cru-

cial  for  maintaining  self-tolerance  and  for  protecting  tissues

from  the  damage  of the  immune  response  to  pathogenic  infec-

tion.

There  is  evidence  that  tumors  resist  immune  attack  by

inducing  tolerance  toward  tumor-specific  T  cells  and  by

expressing  ligands  that  bind  inhibitory  receptors  such  as

immune  checkpoints.  Tumors  can  result  in  deregulation  of

the  immune-checkpoint  proteins  and  develop  a  mechanism

for  immune  resistance,  especially  against  T  cells  that  are

specific  for  tumor  antigens  [19].

Preliminary  clinical  data  show  that  antibody  blockage  of

immune  checkpoints  can  substantially  enhance  therapeutic

antitumor  immunity  [19,20]. Unlike  conventional  antibod-

ies  used  for  the  treatment  of  tumors,  antibodies  that  block

immune  checkpoints  do not  bind  directly  to  the  tumor  cells,

but  target  lymphocyte  receptors  or  their  ligands,  in  order  to

modulate  their  antitumor  activity.

Several  immunologic  treatment  options,  such  as  the

induction  of  an  immune  response  or the  administration  of

antibodies,  have been  investigated  in  melanoma  and  have

shown  interesting  results  [21]. CTLA-4  and  PD-1  are  the  two

most  investigated  immune  checkpoint  receptors  in  melanoma

and  cancer  immunotherapy (Table  1) [22]. CTLA-4  is  an

inhibitory  membrane  receptor  expressed  exclusively  on  T

cells,  where  it  primarily  regulates  the  amplitude  of  the  early

stages  of  T  cell  activation,  counteracting  the  activity  of  the  T

cell  co-stimulatory  receptor, CD28.

As  reported  above,  the  engagement  of  the  T  cell  antigen

receptor  by  itself  is  not  sufficient  for  full  T  cells  activation;  a

second  co-stimulatory  signal  is  required.  This  co-stimulation

is  mediated  by  engagement  of  CD28  on  the  T  cell  surface  by

members  of  the  B7  family  on  APC  [23].

These  co-stimulatory  molecules  are  integral  membrane

proteins  expressed  on  several  cells  with  APC  function.  These

molecules,  including  B7.1  (CD80)  and  B7.2  (CD86),  bind  to

other  ligands  on  T  cells  and  provide  the  second  signal  for

T-cells  activation.  Limited  expression  of  B7  on  APCs  is  a

mechanism  for  maintenance  of  peripheral  T  cells  tolerance,

ensuring  that  T  cells  activation  can  only  be stimulated  by

appropriate  cells  [24].

Interestingly, tumor  cells  do  not  express  B7,  and  this  con-

tributes  to  their  poor  capacity  to  induce  immune  responses

[25,26]. After  activation,  T  cells  express  CTLA-4,  a  close

homologue  to  CD28.  CTLA-4  binds  members  of  the  B7  fam-

ily  with  a much  higher  affinity  than  CD28  [27]. Accordingly,

CTLA-4  expression  on  the  surface  of T  cells  decreases  the

activation  of T  cells  by  competing  with  CD28  for  binding  with

CD80  and  CD86.  CTLA-4  exerts  distinct  effects  on the  two

major  subsets  of  CD4+  T  cells:  down-modulation  of helper

T  cell  activity  and  enhancement  of  regulatory  T  (TReg) cell

immunosuppressive  activity.

The  specific  signaling  pathways  by  which  CTLA-4  blocks

T  cell  activation  are  still  under  investigation,  although  a

number  of  studies  suggest  that  activation  of  the  protein

phosphatases,  SHP2  (also  known  as  PTPN11)  and  PP2A,  is

important  in  counteracting  kinase  signals  that  are  induced  by

TCR  and  CD28.

The  central  role  of CTLA-4  for  keeping  T  cell  activa-

tion  in  check  is  dramatically  demonstrated  by the  lethal
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TGN1412 SADRs due to species differences in CD28 
expression on CD4+ effector memory T-cells
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Comparisons between CTLA-4 and PD-1
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Cancer immunotherapy with anti-PD-1 
and anti-PD-L1/L2 antibodies

8Kim C. Ohaegbulam et al. Trends in Molecular Medicine 2015, Vol. 21, No. 1



CTLA-4 signal transduction
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Crystal structures of PD-1/PD-L1 (left) 
and PD-1/PD-L2 complexes (right)

10Kim C. Ohaegbulam et al. Trends Mol Med 2015, Vol. 21, No. 1



Kd of PD-L1 and PD-L2 for PD-1
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Kathleen M. Mahoney et al. Clin Ther. 

2015;37:764–782 



Interactions between PD-1 and anti-
PD-1 drugs
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Ju Yeon Lee et al. Nature Communications Oct 2016 DOI: 10.1038/ncomms13354
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PD-1 polymorphisms

• −606A>G, 7146G>A, 7625G>A, 7785C>T, 7786G>C, 
8669A>G, and 8737G>A

• Liu C et al., Int J Genomics 2014;2014:247637

• Dong W et al., PLoS One 2016;11(3):e0152448



PD1/PD-L1 signal transduction

14Kathleen M. Mahoney et al. Clin Ther. 2015;37:764–782 



Biological agents targeting PD-1 or PD-L1 in 
cancer clinical trials
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(durvalumab)

(atezolizumab)

(avelumab)

(B7-DC-Fc fusion protein)

Kim C. Ohaegbulam et al. Trends Mol Med 2015, Vol. 21, No. 1



Activation of ADCC/CDC by immune-
checkpoint inhibitors
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Tri-dimensional model of drug-target-immune-
activation for immune checkpoint inhibitors  
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Pembrolizumab displays higher binding to 
stimulated T-cells
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Biodistribution of [89Zr]-Df-pembrolizumab in 
ICR mice
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Biodistribution of [89Zr]-Df-pembrolizumab in 
ICR mice
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Imaging of tumor PD-L1 expression using 
radiolabeled anti-PD-L1 antibody
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Sandra Heskamp et al. Cancer Res 2015;75:2928-2936
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Imaging of tumor PD-L1 expression using 
radiolabeled anti-PD-L1 antibodies
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PD-L1 Detection in Tumors Using 
[64Cu]atezolizumab with PET
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PD-L1 Detection in tumors using 
[64Cu]atezolizumab with PET

25
Wojciech G. Lesniak et al. Bioconjug Chem 2016; 27(9): 2103–2110



Exposure-response efficacy analysis of 
nivolumab by tumor type

26Agrawal et al. Journal for ImmunoTherapy of Cancer (2016) 4:72



Chemotherapy: not only a cytotoxic effect, but 
also an adjuvant for antitumor immunity

27Cédric Ménard et al., Cancer Immunol Immunother (2008) 57:1579–1587



Open questions

•Why are the response rates of anti-PD-1 and anti-PD-
L1 variable among different cancers?

•Can response biomarkers be identified and how can 
these be integrated into clinical practice?

•How can anti-PD-1 and anti-PD-L1 antibodies be 
integrated into current treatment regimens in 
upfront and relapsed settings?

•Does PD-1 expressed on immune cells other than T 
cells play a role in anti-PD-1/PD-L1 therapy?
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