
Desensitization: Increasing Access to Transplantation for Highly-HLA Sensitized 
Patients

Transplant Immunotherapy Program Comprehensive Transplant Center

Stanley C. Jordan, M.D., FASN, FAST
Cedars-Sinai Medical Center



Life Sciences Symposium 2018

Stanley C. Jordan, M.D.
Cedars-Sinai Medical Center

Los Angeles, CA 90048

I have grants from Hansa Medical, Roche-Genentech, Vitaeris , Novartis and 
CSL-Behring. I am a consultant for Hansa Medical, Roche-Genentech, Vitaeris

and CSL-Behring

AND
My presentation does include discussion of off-label or investigational use. 



Sir Peter Medwar, Nobel  Prize in Medicine 1960

Champion of T-cell centric view of transplantation
And proponent of Tolerance

Paul Terasaki, PhD

Champion of the Humoral Theory of Transplantation



Allo-sensitization & Donor Specific Antibodies: Enemies of Allograft Survival



Source: Peter Nickerson



Mechanisms of Donor-Specific Antibody-Mediated Endothelial Injury in Renal 
Allografts1

1. Farkash EA, Colvin RB. Nat Rev Nephrol. 2012;8:255-257.



Source: Peter Nickerson

Model Linking TCMR, dnDSA, and AMR 
With Graft Loss1

1. Wiebe C et al. Am J Transplant. 2012;12:1157-1167.



Complement Fixing (C1q+) DSAs Have the Greatest Potential to Injure and 
Destroy Allografts

Loupy A. N Engl J Med. 2013;369(13):1215-26.



Rituximab +IVIG significantly lowered
PRA levels and improved transplant rates
For HS patients.



Measuring Efficacy 
of Desensitization

• Patient underwent desensitization with IVIG + 
Rituximab without successful reduction of DSAs. After 
6M, the patient received PLEX +IVIG/Rituximab and 
was transplanted with +DSAs and TCMX: 200, BCMX 
283. Patient received induction with Campath 1H and 
maintained on Pred/Tacro/MMF. 

• At 1M post-transplant, the only DSA present was a 
weak DQ7. DSAs have subsequently disappeared. 
Patient is now 5 years post-transplant with SCr
0.9mg/dl. Biopsy showed no evidence of ABMR or TG.

Desensitization for Kidney 
Transplantation



Freedom from Allograft Rejection & Infection Post-
Desensitization(#372) v. Normal(#578)
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Patient & Graft Survival for Desensitized (#372) v. 
Normal(#578)at 5 Years





Risk for ABMR after 
Desensitization

DSA Number & Strength are Strong Predictors of Risk for ABMR

Vo et al Transplantation 2014
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3 Patients Transplanted with 
cPRA <90
13 Patients Transplanted cPRA
95-98%
10 Patients Transplanted cPRA
99-100%



Survival Benefits of HLAi Transplantation After Desensitization 



1. Farkash EA, Colvin RB. Nat Rev Nephrol. 2012;8:255-257.

Therapeutic Options for AMR1



Steptococcus Pyogenes

IgG Endopeptidase 

IdeS (IgG Endopeptidase): A Potent IgG Degrading Enzyme



Solutions to remove
pathogenic IgG in Patients

Therapeutic

plasma 

exchange/Immunoadsorpti

on

IdeS treatment
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Mechanism of Action of IdeS with 
Implications for CDC and ADCC1

IgG scIgG F(ab´)2 & Fc

Complement(+)/FcγR(+) Complement(-)/FcγR(+/-) Complement(-)/FcγR(-)

CDC(+)/ADCC(+) CDC(-)/ADCC(-)CDC(-)/ADCC(+/-)

1. Jordan SC et al. 2017. In press.

IdeS IdeS



Impact of IdeS on Luminex SAB and C1q Assays
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● 11 patients in Swedish cohort and 14 in 

US

● DSA detected with solid-phase assay

● Samples obtained before IdeS

administration 

○ DSA and flow-cytometric cross-

match

● Cross-match and DSA tests done at 6 

hours, 24 hours, and days 7, 30, 60, 90 

(US only), 180 (US only)

● Biopsies performed to assess ABMR 

when allograft dysfunction noted

● Protocol biopsy at 6 months

○ C4d staining and Banff 2013 criteria

● IdeS and IgG levels assessed with SDS-

PAGE and Western blot

● Cleavage and clearance of Fc and F(ab’)2

fragments analyzed with ELISA

● Routine lab tests, vital signs, adverse 

events

Protocol



Impact of IdeS on Circulating IgG Levels in HS Patients

P<0.001

P<0.001



1. Jordan SC et al. 2017. In press.

SDS-Page and Western Blot Analysis of 
Serum Pre and Post IdeS Treatment1



Sweden U.S.

Figure 4
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U.S.Sweden

Serum Cr Values Over the First 6 Months Post-Transplant
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Is Desensitization Necessary in the KAS Era?



SRTR STAR File 2018
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AMR: STILL THE MAIN CAUSE OF ALLOGRAFT LOSS

Unpublished results

4 French centers: 4,921 kidney recipients and 10,293 kidney allograft biopsies
739 graft losses
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HETEROGENEITY OF CHRONIC AMR: ARCHETYPES IDENTIFY DISTINCT 

ALLOGRAFT SURVIVALS

Archetype 1

Archetype 2

Archetype 3

Archetype 4

Archetype 5

Abstract FR-OR136



PRE-EXISTING / RECURRENT VERSUS DE NOVO DSA : 

HOW THESE PROCESSES COMPARE?

Aubert O, et al. J Am Soc Nephrol. 2017

Pre-existing DSA AMR

De novo DSA AMR



AMBR with Pre-Existing DSA (type1) AMBR with dnDSA (type2) 

Graft Survival Post-ABMR by Type of DSA



Factors Associated with Graft Loss in ABMR Patients



HETEROGENEITY, THE ANTIBODY PROBLEM

Characterization of anti-HLA DSA to better assess:

C’
Binding

Preformed
De novo

Affinity
Strength

MFI
Levels

Class
Eplets

IgG
Subclass

Tambur AR, et al. Am J Transplant. 2015;15(9):2421-2430; Duquesnoy RJ. Transplantation. 2017;101(8):1755-1765; 
Sutherland SM, et al. Pediatr Transplant. 2012:16(1):12-17; Sicard A, et al. J Am Soc Nephrol. 2014;ASN-2013101144; Smith 
JD, et al. J Heart Lung Transplant. 2014;33(10):1074-1082; Loupy A, et al. N Engl J Med. 2013;369(13):1215-1226; Viglietti D, 
et al. J Am Soc Nephr. 2016;ASN-2016030368.

• Rejection phenotypes

• Operating biological processes

• Allograft loss profiles

• Response to therapy



ABMR TREATMENT OPTIONS: WHAT’S NEW?

B-cell Therapeutics

CTLA4Ig/Anti-CD28

Alemtuzumab

IdeS

Carfilzomib

IL-6/IL-6R Blockers

C1INH

Loupy et al. NEJM 2018.

IL-6/IL-6R Blockers

Daratumumab

FcRn



1. Stimulate B- cells differentiation to antibody 
producing plasma cells

2. Plasma cell & myeloma cell growth factor
3. Maintains Th1 & Th2 cell activities
4. Increases Th17 and Tfh cells
5. Decreases Tregs

1. Increase Keratinocytes
2. Increase dermal fibroblast collagen
3. May be primary factor in scleroderma

Immune 
cells

1. Increase CRP
2. Increase Serum Amyloid A 
3. Increase Fibrinogen
4. Increase Hepcidin (anemia of chronic disease)
5. Decreases albumin& transferrin

Skin

Liver

1. Increase VEGF to increase angiogenesis 
2. Increase risk for coronary artery disease
3. Increases mortality from cardiovascular 

disease in ESRD patients

1. Increase osteoclast differentiation
2. Increase angiogenesis
3. Increase platelet
4. Responsible for joint damage in RA

Cardiac

Bone Marrow 

Synovial 
Fibroblast

Kidney 1. Increase mesangial cell proliferation
2. Contributes to glomerular crescent formation
3. Contributes to chronic antibody rejection of 

kidney allografts

IL-6

IL-6

IL-6

IL-6: A Pleiotropic Cytokine Impacting Multiple Organ Systems
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Dendritic Cell (APC)

Naïve CD4+ T-cell
IL-6

JAK

P

P

P

JAK

P STAT

STAT
STAT P

P

Gene Transcription

JAK

IL-6 IL-6R IL-6/IL6R

gp130 IL-6/IL6R

IL-6/IL-6R Trans-Presentation

CD4+ 
Tn

Treg

FoxP3+

Th17
RORt

Tolerance Inflammation
Autoimmunity
Allograft Rejection

+IL-2 +IL-6



Dendritic Cell (APC)

Naïve CD4+ T-cell
IL-6

JAK

P

P

P

JAK

P STAT

STAT
STAT P

P

Gene Transcription

JAK

IL-6 IL-6R IL-6/IL6R

gp130 IL-6/IL6R

IL-6/IL-6R Trans-Presentation

CD4+ 
Tn

Treg

FoxP3+

Th17
RORt

Tolerance Inflammation
Autoimmunity
Allograft Rejection

+IL-2 +IL-6



IL-6 DRIVES B-CELL ACTIVATION AND DIFFERENTIATION TO ANTIBODY-

PRODUCING PLASMA CELLS

Jordan SC et al. Transplantation. 2017

CD4+ TFH

CXCR5+
Bcl-6+

Naïve B cell

Donor-specific antibodies

Plasma cell

IL-6

IL-21IL-6 +

IL-6
+

IL-21

IL-6–producing
plasmablast

Germinal center

APC +  
Alloantigen

ABMR



What is the current evidence of the potential of anti-IL-6 Ab for the 

prevention and the treatment of AMR? 
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ANTI–IL-6R INHIBITS PLASMA CELL IgG PRODUCTION 

AND ANTI–HLA-A2 ANTIBODY

Anti–IL-6R

a P < .01. b P < .05.

Kim I et al. Transplantation. 2014

Anti–IL-6R

BM            Spleen

Anti–IL-6R Significantly Suppressed IgG+ Plasma Cells in the Bone 
Marrow and Spleens Demonstrated in an ELISpot Assay

Detection of Anti–HLA-A2 IgG Antibodies in 
Conditioned Media of BM Cell Cultures by Flow-

Antibody Binding Assay

Anti–IL-6R

BM            Spleen



ANTI-IL-6 INHIBITS CORONARY ARTERY VASCULOPATHY IN A HUMANIZED 
MOUSE MODEL

Endothelial Cell IL-6 Production Rx  anti-IL-6

No Treatment Rx  anti-IL-6

Pober et al J. Immunology 2012





ANTI-IL-6R: DECREASE IN DSA LEVEL AFTER TRANSPLANTATION 

Course of Immunodominant DSAs Mean Immunodominant DSA levels for 
TCZ-Treated and Transplanted Patients

Vo AA et al. Transplantation. 2015



Choi J, Aubert O, et al. Am J Transplant. 2017

Tocilizumab Treatment of cAMR and TG:
Treatment Protocol

ANTI-IL-6R IN THE TREATMENT OF CHRONIC AMR



ALLOGRAFT PHENOTYPE IN PATIENTS TREATED 

WITH TOCILIZUMAB FOR CHRONIC AMR

Choi J, Aubert O, et al. Am J Transplant. 2017



eGFR IN ADULT AND PEDIATRIC PATIENTS TREATED 

WITH TOCILIZUMAB FOR CHRONIC AMR

ADULT PATIENTS

PEDIATRIC PATIENTS 

Choi J, Aubert O, et al. Am J Transplant. 2017



ALLOGRAFT AND PATIENT SURVIVAL IN PATIENTS TREATED 

WITH TOCILIZUMAB FOR CHRONIC AMR

TCZ
TCZ

SOC

SOC



First Patient Treated with 
Anti-IL-6 Clazakizumab for
CABMR



…ON GOING TRIALS USING Ani-IL-6

Anti-IL-6
Trial
ID

Design
Clinical

scenario
Target

population

CLAZAKIZUMAB NCT 03380962
Single center, phase I/II 
open label single arm

Desensitization
Sensitized recipients of renal 

transplants

CLAZAKIZUMAB NCT 03380377
Single center, phase I/II 
open label single arm

Treatment of cAMR
Recipients of renal transplants with 

biopsy-proven cAMR

CLAZAKIZUMAB NCT 03444103
Prospective, Randomized, 

placebo-controlled, bi-
center trial

Treatment of cAMR
Recipients of renal transplants with 

biopsy-proven cAMR



Anti-IL-6 : TAKE HOME MESSAGES

• Anti-IL-6 to prevent and treat chronic AMR seems promising by :

• Inhibiting plasma cell IgG production

• Decreasing DSA level

• Reducing microvascular inflammation and C4d deposition

• Maintaining a stable renal function

• Improving graft and patient survival

• Results are limited by :

• Absence of published randomized studies

• Small populations

• Limited follow-up

• Phase II/III studies planned for Clazakizumab (anti-IL-6) in 2019



Anti-CD 38 (anti-plasma cell Therapy for 
Desensitization

58



Figure 1. Total Class I and II DSAs, baseline vs after 
completion of 4 doses of daratumumab 
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Figure 1. Class I and II DSAs, Total (N=1)

Pre Daratumumab Post Daratumumab

51% reduction

33% reduction



Figure 2. Average Class I and II DSAs, baseline vs 
after completion of 4 doses of daratumumab
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Plasmablasts & Plasma Cells Regulatory B Cells Follicular Th Cells

Normal 
Control



Patient: SV

Pre-
anti-CD38
(3/1/18)

Post-
anti-CD38
(3/22/18)

Plasmablast & 
Plasma cells

BregB cells

DARATUMUMAB (ANTI-CD38) FOR TREATMENT OF ABMR



Pre-
anti-CD38

Post-
anti-CD38

Tfh cellsCD4+ cells

Patient: SV

Treg cells

DARATUMUMAB (ANTI-CD38) FOR TREATMENT OF ABMR



Severe Arteritis Severe Glomerulitis Severe PTCitis

Renal Transplant Biopsy Prior to Daratumumab Therapy



Normal Glomeruli Intense T-cell Mediated Rejection

Biopsy Immediately Post-Daratumumab (16mg/kg X 4 doses)

Did We Remove Tregs??





Breastfeeding: A Natural Process with Many Benefits for Mother & Baby

What Does This Have to do with an Immunology Lecture?



The Fc Neonatal Receptor: An Interesting 
Odyssey
• It has been 52 years since F.W.R.  Brambell hypothesized the 

existence of a specific receptor in neonates responsible for transport 
of IgG molecules from maternal milk to infants.

• Originally described in rats, the FcRn provided a shuttle service for IgG 
molecules from maternal milk to the infant circulation across the 
gastrointestinal epithelium

• Subsequently, the FcRn was also found to be expressed in placental 
villi where maternal blood pools and allows for extraction of maternal 
IgG -> fetal circulation beginning in the 3rd trimester. 



pH 7.4

pH 7.4 pH 6.5

H+
H+

FcRn

pH 7.4

pH 6.5

H+

FcRn -/-

All IgG Degraded. Half
Life of IgG Decreased from 
30-> 2 days

FcRn Enhances Half-Life of Circulating IgG: Inhibition of FcRn Drastically
Reduces Half-Life of Circulating IgG Molecules

Normal FcRn Function Half-Life 21 days FcRn (-/-) Half-Life 2-3 days



pH 7.4

pH 7.4 pH 6.5

H+

H+

FcRn

pH 7.4

pH 7.4 pH 6.5

H+
H+

FcRn

Figure 1A Figure 1C

= IVIg

= pIgG

Apical

Basolateral

High Dose IVIg Enhances Clearance of Pathogenic IgG by Saturating FcRn



Potential Therapeutic Approaches to Inhibit IgG/FcRn Interactions

Inhibitors of the FcRn–IgG-Fc interaction. From left to right: 1) High dose IVIg can saturate FcRn and accelerate the clearance of endogenous IgG, 2) anti-FcRn
heavy chain antibodies and 3) anti-β2m light chain antibodies bind FcRn epitopes, inhibiting FcRn function and accelerating degredation of circulating IgG 4) Fc-
engineered IgGs that that have increased, pH-independent affinity for FcRn (Abdegs), and 5) peptides and 6) small molecules that compete with IgG for binding 
to FcRn. To date, anti-FcRn and synthetic peptides that block IgG-Fc/FcRn interactions are now in clinical trials. (From [17] with permission)

Figure 4









Therapeutic Approaches to Reducing Alloantibody Injury to Allografts

CD4+ TFH

CXCR5+
Bcl-6+

Naïve B cell

Donor-specific antibodies

Plasma cell

IL-6

IL-6
+
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IL-6–producing
plasmablast

Germinal center

APC +  
Alloantigen

ABMR

CTLA4Ig/Anti-CD28

CTLA4Ig/Anti-CD28

Daratumumab(anti-CD38)

Proteosome Inhibitors 

Ibrutinib

IdeS

Tocilizumab
Clazakizumab

Anti-CD20

Anti-Plasma Cell

FcRn
Blockade


