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Not all Pre-formed donor-specific HLA antibodies 
are pathogenic in transplantations

HLA excellence backed by 300 years of team expertise

Rajalingam Raja, PhD, FRCP, F(ACHI)
Professor of Clinical Surgery &
Director of Immunogenetics and Transplantation Laboratory
University of California, San Francisco (UCSF)



Lecture Outline

• HLA testing support for UCSF transplant programs.
• Histocompatibility and HLA systems.
• HLA and transplant Immunology.
• Histocompatibility testing – HLA antibody testing.
• Successful kidney transplantation of highly sensitized candidates 

across strong preformed DSA without desensitization.
•  Transfusion-induced HLA antibodies are not stable and do not 
rebound following heart transplantation.

•  DSA and simultaneous liver and kidney/heart transplantation.
•  IVIG infusions deplete HLA antibodies in lung transplant recipients.
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UCSF transplant statistics for 2023: Waitlisted = 4,850; 
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• Local OPO – 627 DD
• USC -200KTx, 1500 waitlisted
• Non-UCSF -BMT 
• Clinical trials/research

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=AXpH-N5kk9YKMM&tbnid=pfpuXV33_wRoVM:&ved=0CAUQjRw&url=http://www.medindia.net/patients/patientinfo/organ-donation-transplantation-consent-rejection-Immunosuppression.htm&ei=tx7tUrqLJ8v-oQTVz4FI&bvm=bv.60444564,d.cGU&psig=AFQjCNHLsm6C6uwyVMH_4RKbwM2SPUNRyQ&ust=1391357879210467
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Histocompatibility System

Allograft Recipient

Transplantation
Rejection

Components Polymorphism Immunogenicity

1 Blood Group Antigens: 
ABO

Few Very High

2 Minor Histocompatibility Antigens: 
HA-1, HA-2, HA-3, H-Y…

Too Many Low

3 Major Histocompatibility Antigens: 
Human Leukocyte Antigen (HLA)

Many High
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Human MHC

• Located on chromosome 6p21.3
  spans ~4,100 kb 
• Most gene-dense regions in the human genome
 - 224 genes have been identified
 - 128 predicted to be expressed
 -  50 of the expressed genes have immune function
• Physically grouped into three regions:
 - Class I (HLA-A, B, C)
 - Class II (DR, DQ, DP)
 - Class III

Ch#6 The MHC sequencing consortium. Nature 1999, 401: 921-923.
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Numbers of HLA alleles named since 1987, up to October 9,  2024

41,433 distinct allelic variants 

DNA 
typing

Sanger 
Sequencing

NGS 
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Allograft
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Organ 
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Secondary   Lymphoid 
Tissues

B cell
BCR
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Plasma cell

Memory
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CTL
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NK 
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FcR

C1q DSA
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HLA Class II

HLA 
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Helper 
T cell

CD4

Transplant Immunology
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Old methods Cutting Edge
HLA typing SSP PCR Hybrid capture NGS
HLA antibody 
measurement

Multiantigen bead 
screening

Single antigen bead 
assay

Crossmatch CDC/Flow crossmatch Virtual crossmatch

Histocompatibility testing



9

HLA typing
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(n=228,280)
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HLA typing workflow at UCSF ITL

RT-PCR
• Deceased donors (DD)
• Emergency listing

NGS 
• SOT patients
• Living donors
• HSCT: patients and donors
• Confirmatory typing for HSCT
• Confirmatory typing for import DD
• Disease and pharmacogenetic markers

2023 DD volume = 627

2023 volume = 4800 
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Real-time PCR method

SYBR  GREEN – 384 wells



Capture-based NGS for HLA typing
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JANUS® G3 Liquid Handler Workstations for NGS Automation
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Importance of HLA typing and matching

• Reduce the Risk of Graft Rejection
• Improve Long-Term Graft Survival
• Prevent Antibody-Mediated Rejection (AMR)
• Support Donor Selection in Paired Exchange and Living 

Donor Programs
• Guide Desensitization Protocols for Sensitized Patients
• Improve Access to Transplantation
• Support Personalizing Immunosuppressive Therapy
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HLA antibodies testing
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Mixed Antigen Beads Multi Antigen Beads Single Antigen Beads

Positive / Negative % PRA Specificity and Strength (MFI)

HLA Antibody Testing Methods
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Polystyrene 
Microspheres

A2

A66
B55

Single HLA Antigen Beads

Luminex single antigen bead-based HLA antibody testing: Design



19

A2
A66

B55

patient’s serum

A2
A66

B55+

Single Antigen beads

Luminex single antigen bead-based HLA Antibody Testing

Detection Interpretation: Cross Reactivity Pattern 
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UCSF standards for HLA Antibody Testing: Luminex Single Antigen Bead Assay
Serum pre-treatment: dithiothreitol (DTT)
• to prevent aggregation of high titer antibodies
• to remove interfering factors to increase the sensitivity
High throughput automation: Lab Express 
• to minimize inter-assay MFI variation
• to maximize the efficiency

Interpretation standards:
• Cross REactive Group (CREG) Signatures (e.g., A2: A2, A68, 

A69, B57, B58, A23, A24) & split antigens (e.g., B12: B44, B45)
• no a set MFI cutoff for HLA antibody assignment
• consider the mode of Prior Sensitization: transplant, 

pregnancy, transfusion
• incorporate cell-binding ability assessed by Flow 

Cytometry crossmatch



Pre-transplant HLA Antibody Report

Page-1 of 2 Page-2 of 2



Donor-specific antibody (DSA) 
Report (page-1)



DSA Report
(page-2)



DSA Report
(page-3)
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1. High Sensitivity and Specificity
2. Detailed Antibody Profiling
3. Quantitative Results – MFI values
4. Ability to Detect Broad and Narrow Specificities
5. Reduced Cross-Reactivity
6. Useful to Assess the Breadth of Sensitization - CPRA
7. Standardization and Reproducibility
8. Supports Virtual Crossmatching
9. Minimizes the Need for Cell-Based Assays
10. Risk Assessment for Transplant Outcomes – DSA assessment

Advantages of single antigen bead assay (SAB) 
for HLA antibody testing
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Single Antigen Bead (SAB) 
assay is critical for assessing 

the risk of transplant rejection 
in both pre-transplant and 

post-transplant settings



27

Crossmatch
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Flow Cytometry CrossmatchDonor Recipient

Lymphocytes Serum+

T cell MCS > 50
B cell MCS > 120

Negative 
Control

Patient 
Serum

T cell B cell

Measure FITC intensity 
by flow cytometry

HLA antibodies

Anti-human IgG 
F(ab’)2 FITC 

B cell

HLA class I (A,B,C) HLA class II (DR, DQ, DP)

T cell

CD20

FcR
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Flow cytometry crossmatch workspace



Flow Crossmatch - problems

• ~8% of flow crossmatches false 
positive – unneccessary 
exclusion

• ~7% of flow crossmatches false 
negative – risk to patient



Flow Cytometry Crossmatch

Donor Recipient

Lymphocytes Serum

Anti-human IgG 
F(ab’)2 FITC 

+

Measure FITC intensity 
by flow cytometry

T cell MCS > 50
B cell MCS > 120

Negative 
Control

Patient 
Serum

T cell B cell

Virtual



Donor Recipient

Lymphocytes Serum

Virtual Crossmatch - Essentials

HLA Typing

HLA Antibody Testing

A2, A24, B7, B18, DR1, DR4

Anti HLA-A2 antibodies

Virtual
Crossmatch
Positive 
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1. Speed and Efficiency
2. Reduced Organ Discard Rate
3. Improved Access for Highly Sensitized Patients
4. Facilitates Paired Exchange & Living Donor Programs
5. Cost-Effective
6. Supports Extended Donor Pools
7. Optimizes Organ Allocation Process
8. Decreases Cold Ischemia Time
9. Enables Better Planning and Coordination

Benefits of virtual crossmatch



VXM
80.3%

FXM
19.7%
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Deceased Donor Adult Kidney Tx, n=1673 1/1/2013 and 12/31/2020

Post-transplant follow-up through 3/31/2022 was evaluated for patient and graft survival outcomes.
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Are All HLA Antibodies Detected by 
Single Antigen Assays Equally 

Capable of Binding to Cells and 
Harming the Allograft?
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A comprehensive analysis of the cell-
binding ability of HLA antibodies in the 
state of standalone and with its 
variable cross-reactive constellations.

14 distinct patterns of HLA-A2 CREG antibodies
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Multi-million $ experiment
to define the cell-binding ability of various HLA DSA 

304 patients making 
HLA antibodies to 
a single CREG 

Flow cytometry Crossmatch (FXM)

Total FXM=1831

T cell
A1

A2

B7

B8

Cw1Cw2+

Each patient was crossmatched 
with a minimum 4 different 
donors targeting a single DSA
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Some HLA antibodies 
detected by Single Antigen 
Bead assays do not bind to 
cells and, therefore, may not be 
involved in allograft rejection.
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What forced us crossing HLA 
antibodies in the UCSF transplant 

programs?
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UCSF kidney waitlist (n=4201) is the largest in the USA;
10.5% of them with a CPRA >80%

18.7%
(n=794)

<20% CPRA

99% CPRA

80-98% CPRA
6.3% (n=267)

100% CPRA

70.8%
(n=3000)

1.2% (n=53)
3% (n=126)

20-79% 
CPRA

10.5% (n=446)
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• Initial induction: Thymoglobulin 6 mg/kg 

• Post-operative: 
• IVIG 1 gm/kg on POD-1 and 2.
• No additional desensitization therapies. 

• Maintenance: triple immunosuppression with Tac/MMF/Pred

UCSF protocol for immunosuppression in 
kidney transplant recipients, who had preformed DSA
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Post-transplant follow-up through 3/31/2022 was evaluated for patient and graft survival outcomes

1673 consecutive adult deceased donor kidney 
transplants performed at UCSF (1/1/2013 - 12/31/2020) 

pfDSA neg 
(n=1330)

79.5%

pfDSA pos 
(n=343)
20.5%
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Pre-formed DSAs do not impact kidney transplant outcomes
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Exploratory case transplanted with strong DP DSA (June 2015)
• 42 M; Received 1st KTx in 1990; Listed for 2nd KTx in 2014 (100% CPRA)

• Donor-specific antibodies: DP1 (MFI=10,930)
• Pronase crossmatch: T cell negative (MCS=0/50), B cell border-line positive (MCS=125/120)
• Transplanted on: 6/26/2015

• Thymoglobulin induction. 
• IVIG 2g/kg was given on POD 1. No additional desensitization therapy was used.
• Maintenance immunosuppression: Tac, MMF, and Prednisone.

A B Bw Cw DRB1 DRB3/4/5 DQB1 DQA1 DPB1 DPA1
Recipient  3, 68  7, 60  6, 6  7, 10  13, 15  51, 52  6, 6  01, 01  04:01, 04:02  01:03, 01:03
Donor  3, 68  7, 7  6, 6  7, 7  13, 15  51, 52  6, 6  01, 01  01:01, 04:01  01:03, 02:01

HLA class I antibodies, 
87% CPRA

HLA class II antibodies, 
90% CPRA
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>56% of waitlisted candidates with 100% CPRA display 
HLA-C antibodies
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R² = 0.7262
R² = 0.643

R² = 0.2653
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Deceased Donor 
kidney transplants (n=1673)

<80% CPRA
n=1133 (67.7%)

>80% CPRA
n=540 (32.3%)

pfDSAneg 
n=314, 58.1%

pfDSApos 
n=226, 41.9%

(Class I=65, 
Class II=61, 

Class I+II=100)

pfDSApos 
n=127, 11.2%

(Class I=46, 
Class II=69, 

Class I+II=12)

pfDSAneg 
n=1006, 88.7%
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Adult (18+) 3-year deceased donor kidney graft failure Comparison: UCSF vs. other US centers

https://www.srtr.org/

unadjusted for CPRA 
and 

other patient & donor characteristics

Deaths and retransplants are considered graft failures

https://www.srtr.org/
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• 32.3% (n=540/1673) of the DD KTx were 
performed in highly sensitized patients with 
CPRA 80% and over.

• 20.5% (n=343/1673) of the DD KTx were 
performed with preformed DSA.

• Despite crossing pfDSAs, the UCSF outcomes 
remains superior.

Summary
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Patients can be transplanted 
across certain preformed DSA, 
without aggressive 
desensitization, with no readily 
apparent effect on graft survival. 
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IVIG infusions deplete all HLA 
antibodies in lung transplant recipients 
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IVIG infusions deplete all HLA antibodies in lung 
transplant recipients 

Tx

IVIG infusions

M
FI
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IVIG infusions deplete HLA DSAs in lung 
transplant recipients 
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Adult 3-year deceased donor lung graft failure 
HR program comparison
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IVIG infusions deplete all 
HLA antibodies in lung 
transplant recipients 
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HLA antibodies in transplantation

Precise 
identification 

of HLA 
antibodies

Clinically 
relevant 

DSA

Impact 
on graft 
outcome

• Determine the mode of sensitization.
• Transplantation
• Pregnancies
• blood transfusions

• Recognize the pattern of cross reactivity.
• Strategies to resolve antibody ambiguities.
• Understand the stability of HLA antibodies.
• Recognize inter- and intra-assay variation.

•  Cell binding ability.
•  Memory response.

•  Correlation between DSA and rejection.
•  DSA response to treatment.
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Excellence from >250 yrs of combined experience in H&I

Thank You
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