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Dostupnost transplantací je v ČR na 
vysoké úrovni

Viklicky O. et al. Transplantation 2018
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Nemocní žijící s funkčními 
transplantovanými orgány v IKEM



Zlepšení výsledků transplantací ledvin



Výskyt patologií štěpu po transplantaci

Sellares J. et al. Am J Transplant 2011, doi: 10.1111/j.1600-6143.2011.03840.x



Vyšetření imunitní odpovědi

• Před transplantací
• Po transplantaci

• Invazivní – protokolární biopsie
• Neinvazivní – z krve/moče



Rejekce nebo ATN?
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Borderline changes

•Incidence : in case biopsies 23% of 

renal allografts 
Meehan et al. (1999) J Am Soc Nephrol 10: 1806

Matoza et al. (2008) Transplantation Proceedings 40: 2303-

2306

Viklický et al. (2013) Transplantation 95: 148-154

•The outcome of borderline changes

unclear

•The majority of patients with 

borderline changes were found to be 

non-rejection by molecular 

phenotype(67%) and only  33% were 

rejection-like.

de Freitas et al. (2012) American Journal of Transplantation. 12: 
191–201

Banff´s classification 
histological changes insufficient for a diagnosis 

of acute rejection.

Absence of intimal arteritis and the presence of 

tubulitis (t1,t2 or t3) with minor intersticial

infiltration ((i0, i1) or intersticial infiltration(i2, 

i3) with mild tubulitis (t1)



Tubulitis

E. Honsová; IKEM



Acute T-cell-mediated rejection, type I   
tubulitis in non-atrophic tubules

Banff criteria:
• IA. i:>25% of parenchyma affected, i2 or i3 and t2
• IB. i> 25% of parenchyma affected, i2 or i3 and t3
Chapel Hill Standards
1. i ≥5% 
2. Mild to moderate interstitial edema
3. Tubulitis (t1 in ≥3 tubules in most inflamed area),
- scattered eosinophils and ATI are common
- MHC class II in tubular cells
- If criteria 1-3 are not fulfilled, but tubules strongly 
expressed MHC class II, then an episode of ACR is suggested

E. Honsová; IKEM



Acute T-cell-mediated rejection, type II and III
arteritis or endotheliitis

E. Honsová; IKEM



Makroskopické a mikroskopické 
projevy hyperakutní rejekce

13

R.A. Montgomery et al. / Seminars in Immunology 23 (2011) 224– 234



Diagnostika akutní AMR 
2002

14

¡ Diagnóza vyžaduje 
přítomnost 3 kritérií 
I. Dysfunkce štěpu
II. Histologické známky AMR

▪ C4d depozita v peritubulárních
kapilárách (PTC)

▪ Neutrofily v PTC a 
glomerulárních kapilárách

▪ Tubulitis s neutrofily
▪ Fibrinoidní nekrosy v arteriích 

a glomerulech
III. Detekovatelné dárcovsky 

specifické protilátky (DSA)

Racusen L, et al.  Am J Transplant 2003;3:708.
Mauiyyedi S. et al. J Am Soc Nephrol 2002;13:779.



Transplantační glomerulopatie
nespecifický obraz poškození?

¨Protilátkami 
zprostředkovaná 
rejekce

¨HCV
¨Trombotická 

mikroangiopatie

¨TG má nejhorší 
prognosu: 50% ztrát 
štěpů do 5 let

15
Haas. Kidney Int 2011; 80, 801 – 803.



Klasifikace histologických nálezů 
transplantované ledviny



Rejekce nebo ATN?
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Invazivní monitorace imunitní odpovědi: protokolární biopsie 
ve 3. měsíci

rejekce přítomna v 8% případů
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Possible sampling error in needle
biopsies

Alexander C. Wiseman, James E. Cooper, https://abdominalkey.com/prophylaxis-and-treatment-of-kidney-transplant-rejection/



Molecular assesment allows diagnostics based on specific
transcripts

Halloran P, et al. Nature Reviews Nephrology, 2016, 534–548



Explaining the Molecular Microscope® report   for core kidney 

transplant biopsies (MMDx-Kidney) 

(Redacted)

Proportions                        rejection-
related AA molecular changes

(Normal, TCMR, ABMR)

Adherence index:                         Low scores in 
biopsies 6m-5y post-transplant correlate with 

possible non-adherence or under-
immunosuppression

Comparison to normal
Scores of this biopsy interpreted vs. relatively 

normal biopsies

Additional detail
Rejection, injury-related binary classifiers and 

AKI transcript set

Visualization
Relationship of  biopsy to others in 

reference set

PC2 vs. PC1

Visualization
PC2 vs. PC3

Survival of other kidneys like this one % of biopsy that is cortex

Histologic and molecular diagnoses in the 
molecular nearest neighbors of this biopsy

Patient information
Date of transplant, date of biopsy, etc.

Clinical information
Time post-transplant; biopsy indication, 

DSA              (if provided)

Summary of molecular changes
(Injury, rejection)

Clinical interpretation



Historical case – MMDx from biobank

• 41 years, female
• 1st deceased donor kidney transplantation
• ECD, age 65
• DSA negative, peak PRA 4%, HLA mismatch 3
• no induction



7th POD:  DGF, kidney graft biopsy:
T-cell mediated rejection, IIA with mild interstitial component (C4d negative)
Therapy: 2g of methylprednisolone, S-Cr 200µmol/l (2.26mg/dl)

Eva Honsova, IKEM



3M protocol biopsy
S-Cr: 156umol/l (1.76mg/dl)
Interstitial inflammation with tubulitis, 

formation of fibrosis
T-cell mediated rejection IA (C4d negative, 
polyoma negative)
g1 i2 ti2 t2 cv2 ah2

Thymoglobuline 325mg (cummulative dose of
3.7 mg/kg )

FU: 5.5 years after Tx
Stable S-Cr 178.5 µmol/l

MMDx from the biobank Eva Honsova, IKEM



MMDx in Edmonton



MMDx from historical
sample:
No rejection

Banff histology
g1 i2 ti2 t2 cv2 ah2



Možnosti predikce osudu štěpu



Flow Cytometry
Transcriptomics
Proteomics
Epigenitcs
TCR profile
BCR profile

Intragraft Peripheral blood Urine

Serum Leukocytes

Assays Analysis

Histology
Transcriptomics
Proteomics
Epigentics

ELISA
Antibodies
Proteomics

Elispot
Cytokine release
Trans-vivo DTH

ELISA
Transcriptomics
Proteomics

Potenciální eseje pro 
před/potransplantační monitorování

Sawitzki B. 2012



Lidský HLA systém je kódován 
na 6 chromozomu 



Dědičnost HLA haplotypů



Více je lépe…



Complement dependent cytotoxicity test 
(cross-match)

• Since 1970s prospective lymphocyte cross-match is a routine in kidney 
transplantation for prevention of DSA damage



Panel reactive antibodies (PRA)

•Serum screening for preformed
antibodies using a panel of typing cells

•Techniques identical to cross match

•Expressed as a percentage of cells with
which the patient’s serum reacts (0% to 
100%)

•Sensitization (or increased panel reactive
antibody) occurs as a consequence of
prior pregnancy, blood transfusion, or
transplant



Konstrukce panelu HLA antigenů



Techniques for detection of HLA 
antibodies

Technology Testing Advantages Limitations Sensitivity Specificity

Complement-
dependent 
cytotoxic 
crossmatch

Donor 
lymphocytes are 
incubated with 
candidate serum 
and complement 
added 

Highly predictive 
for hyperacute
rejection

Subjective
Cannot detect 
noncomplement
binding or low-
level antibodies

+ +++

Flow cytometric 
crossmatch

Donor T and B 
lymphocytes are 
exposed to 
candidate serum

Semiquantitative.
Increased 
sensitivity to low-
level antibody

Higher sensitivity 
may lead to false-
positive results

++ ++

Solid-phase 
assays: bead 
based

Purified HLA 
molecules 
immobilized onto 
solid surface

Can detect specific 
antigens a 
candidate has 
antibodies against

Lack of 
standardization 
Significant 
interlaboratory
variability.
Unclear significant 
result

++++ +

Keith, Vranic. Clin J Am Soc Nephrol. 2016 Apr 7; 11(4): 684–693



Princip metody FCXM 
(flow cytometric crossmatch)



Crossmatch testing in organ transplantation: CDC crossmatch
and flow-cytometry crossmatch

Nephrology
Volume 16, Issue 2, pages 125-133, 27 JAN 2011 DOI: 10.1111/j.1440-1797.2010.01414.x
http://onlinelibrary.wiley.com/doi/10.1111/j.1440-1797.2010.01414.x/full#f1

http://onlinelibrary.wiley.com/doi/10.1111/nep.2011.16.issue-2/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/j.1440-1797.2010.01414.x/full


Princip metody Luminex





Luminex single antigen beads



Sensitivita testů k detekci HLA protilátek



Mnoho CDC negativních nemocných 
má DSA před transplantací

Lefaucheur C. et al. J Am Soc Nephrol. 2010 ;21:1398-406.



Přítomnost DSA před transplantací 
koreluje s výsledky

Lefaucheur C. et al. J Am Soc Nephrol. 2010 ;21:1398-406.



MFI >10,000

MFI >5,000 and <10,000
MFI <5,000 and >0

No DSA identified



Kidney transplantation in the presence of donor specific antibody (DSA)
IKEM 2010



HLA and MICA antibodies and kidney graft
survival

Terasaki PI et al. Am J Transplant 2007;7:408-415. 



Kidney allograft survival according to 
DSA and C1q status

47

Loupy et al. N Engl J Med 2013;369:1215-1226



C1q+ pretransplant does not mean

risk if postransplant status is negative
48

Loupy et al. N Engl J Med 2013;369:1215-1226



Koncept virtuálního crossmatch



Virtuální crossmatch a alokace ledviny



Využití detekce anti HLA protilátek před a po 
transplantaci ledviny



HLAi transplantation at IKEM: induction strategy
according to DSA levels

Osickova K. and Viklicky O.,  2019, submitted

DSA < 5 000 MFI: 
PE/PP/rATG/IVIG

DSA < 10 000 MFI, 2nd, 3rd TX, history of AMR:
Induction with RTX, PE/PP/rATG/IVIG



Patients at increased immunological risk experienced
more ABMR at 3M biopsies

NR 65%
NR 45%

NR 15%

BL 12%
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TCMR 11%
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Osickova K. and Viklicky O.,  2019, submitted



Pretransplant FCXM better than DSA in rejection
prediction

Osickova K. and Viklicky O.,  2019, submitted



Mismatched HLA antigens without foreign 
epitopes for recipient do not induce antibodies 
similarly to fully matched grafts

• HLAMatchmaker is a useful tool 
in the analysis of serum antibody 
reactivity of sensitized patients 
and the identification of 
potential donors with acceptable
epitope mismatches

• Mismatch program to identify 
donors for highly sensitized 
patients in Eurotransplant
and a similar program (Eurostam) 
is now being investigated for 
implementation in the European 
Union

R. Duquesnoy et al. 2014
F. Claas et al. 2014
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Průtoková cytometrie a periferní 
transkripty k monitoraci po transplantaci

Kryštůfková a Viklický. Nephrol Dial Transplant. 2012 Jun;27(6):2576-82.



Viklicky O., et al. Transplantation 2013: 95:148-154.

N=69, TAC/MMF/St ± Induction



17-gene set—the Kidney Solid 
Organ Response Test (kSORT) 

The kSORT Assay to Detect Renal Transplant Patients at
High Risk for Acute Rejection: Results of the Multicenter
AART Study
Silke Roedder1., Tara Sigdel1., Nathan Salomonis2., Sue Hsieh1, Hong Dai3¤a, Oriol Bestard4,

Diana Metes5, Andrea Zeevi5, Albin Gritsch6, Jennifer Cheeseman7, Camila Macedo5, Ram Peddy3,

Mara Medeiros8, Flavio Vincenti1, Nancy Asher1, Oscar Salvatierra9, Ron Shapiro5, Allan Kirk7¤b,

Elaine Reed6, Minnie M. Sarwal1*

1 Department of Surgery, University of California San Francisco, San Francisco, California, United States of America, 2 Biomedical Informatics, Cincinnati Children’s Hospital

Medical Center, Cincinnati, Ohio, United States of America, 3 California Pacific Medical Center, San Francisco, California, United States of America, 4 Renal Transplant Unit,

Bellvitge University Hospital, Barcelona, Spain, 5 Thomas E. Starzl Transplantation Institute, University of Pittsburgh, Pittsburgh, Pennsylvania, United States of America,

6 Immunogenetics Center, University of California Los Angeles, Los Angeles, California, United States of America, 7 Department of Surgery, Emory University, Atlanta,

Georgia, United States of America, 8 Laboratorio de Investigacion en Nefrologia, Hospital Infantil de México Federico Gómez, Mexico City, Mexico, 9 Stanford University,

Stanford, California, United States of America

Abstract

Background: Development of noninvasive molecular assays to improve disease diagnosis and patient monitoring is a
critical need. In renal transplantation, acute rejection (AR) increases the risk for chronic graft injury and failure. Noninvasive
diagnostic assays to improve current late and nonspecific diagnosis of rejection are needed. We sought to develop a test
using a simple blood gene expression assay to detect patients at high risk for AR.

Methods and Findings: We developed a novel correlation-based algorithm by step-wise analysis of gene expression data in
558 blood samples from 436 renal transplant patients collected across eight transplant centers in the US, Mexico, and Spain
between 5 February 2005 and 15 December 2012 in the Assessment of Acute Rejection in Renal Transplantation (AART)
study. Gene expression was assessed by quantitative real-time PCR (QPCR) in one center. A 17-gene set—the Kidney Solid
Organ Response Test (kSORT)—was selected in 143 samples for AR classification using discriminant analysis (area under the
receiver operating characteristic curve [AUC] = 0.94; 95% CI 0.91–0.98), validated in 124 independent samples (AUC = 0.95;
95% CI 0.88–1.0) and evaluated for AR prediction in 191 serial samples, where it predicted AR up to 3 mo prior to detection
by the current gold standard (biopsy). A novel reference-based algorithm (using 13 12-gene models) was developed in 100
independent samples to provide a numerical AR risk score, to classify patients as high risk versus low risk for AR. kSORT was
able to detect AR in blood independent of age, time post-transplantation, and sample source without additional data
normalization; AUC = 0.93 (95% CI 0.86–0.99). Further validation of kSORT is planned in prospective clinical observational
and interventional trials.

Conclusions: The kSORT blood QPCR assay is a noninvasive tool to detect high risk of AR of renal transplants.

Please see later in the article for the Editors’ Summary.
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Equal Detection of Antibody-Mediated and
Cell-Mediated Acute Rejection

Most of the AR samples analyzed on the Fluidigm platform
showed a mixed setting of some cellular and humoral rejection or
associated chronic changes. No difference in AR prediction scores
between 19 patients with clear antibody-mediated rejection
(ABMR) only (C4d+ biopsy staining, DSA+) and 51 patients with
clear cell-mediated rejection (TCMR) (C4d2 and DSA2, and
Banff t and i scores .1) was observed when assessed by the plsDA
17-gene model (p = 0.99 for TCMR versus ABMR; TCMR
mean = 80.84%64.40; ABMR mean = 80.75%66.60; Figure S4).

AR Prediction Is Independent of Time Post-
Transplantation and Recipient and Donor Age

Multivariate analyses in the AART143, AART124, and
AART100 cohorts evaluated the independence of kSORT
performance from time post-transplantation and recipient and
donor age. By linear regression, none of the tested variables except
for the predicted probability of AR (kSORT score) significantly
influenced the outcome for AR versus No-AR (p = 0.009). We
additionally evaluated the performance of kSORT individually in
the AR and in the No-AR groups for time post-transplantation
categorized into 0–6 mo, 6 mo–1 y, and .1 y post-transplanta-
tion; comparing the kSORT scores using a one-way ANOVA

model with Tukey’s post-test for multiple comparisons, p-values in
each group did not reach significance (AR, p = 0.22; No-AR,
p = 0.60). Post-test for linear trend analysis in both the AR and
No-AR groups confirmed no significant association with time post-
transplantation (AR, p = 0.10; No-AR, 0.36) (Figure S4).

Prediction of Biopsy-Confirmed Acute Rejection Prior to
Clinical Graft Dysfunction

To evaluate the predictive nature of the 17-gene plsDA model,
191 blood samples (AART191; prospective validation) drawn
either before (0.2–6.8 mo, n = 65) or after (0.2–7 mo; n = 52) a
biopsy-matched AR episode (n = 74) were analyzed. Out of the
patients with blood samples 0–3 mo prior to the AR biopsy
(n = 35), at time of stable graft function, 62.9% (22 out of 35
samples) had very high AR prediction scores (96.4%60.8)
(Figure 4; Table 3), significantly greater than scores in patients
with stable graft function and no AR on follow-up (19.4%60.3;
p,0.001). Of the patients with blood samples drawn 0–3 mo after
AR treatment (n = 31), 51.6% (16 out of 31) still had elevated
predicted AR scores (86.00%60.17); the remaining 15 samples
showed AR scores below the threshold h for AR (h= 50%;
6.59%60.13%) at 0–3 mo after AR treatment. As serum
creatinine levels in patients with elevated AR prediction scores
were 2.0460.40 mg/dl compared to creatinine levels of

Figure 3. Validation of kSORT in 124 independent samples across different ages and settings. (A) Independent validation of kSORT in
124 adult and pediatric AR and No-AR blood samples using the fixed plsDA model on the Fluidigm platform. 22 out of 23 AR samples were correctly
classified as AR (red bars), and 100 out of 101 No-AR samples were correctly classified as No-AR (green bars). Shown are individual predicted AR
probabilities (percent) grouped by patient age (adult, $20 y; pediatric, ,20 y) and phenotype. (B) predicted AR probabilities were significantly
higher in the AR (80.6%) versus No-AR (9.2%) samples (p,0.001) included in the AART124 group (shown are mean predicted AR probabilities in
percent with standard error of mean; two-sided Student’s t test with Welch correction was applied to calculate p-values). (C) ROC analyses
demonstrated high sensitivity and specificity for AR classification by the 17 genes.
doi:10.1371/journal.pmed.1001759.g003

kSORT Assay to Detect Risk of Acute Rejection

PLOS Medicine | www.plosmedicine.org 8 November 2014 | Volume 11 | Issue 11 | e1001759

PLoS Med 11(11): e1001759. doi:10.1371/journal.pmed.1001759 



7-gene peripheral signature predicts TCMR 
in kidney transplantation (KALIBRE study)



Donor derived cell-free DNA (dd-cf DNA)

Thomas M. Snyder et al. PNAS 2011;108:15:6229-6234



Cell-Free DNA as a marker of active 
rejection?

CLINICAL RESEARCH www.jasn.org

Cell-Free DNA and Active Rejection in Kidney Allografts

Roy D. Bloom,* Jonathan S. Bromberg,† Emilio D. Poggio,‡ Suphamai Bunnapradist,§

Anthony J. Langone,| Puneet Sood,¶ Arthur J. Matas,** Shikha Mehta,††
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Stanley C. Jordan,§*** David Cohen,††† Matthew R. Weir,‡‡‡ David Hiller,§§§

Preethi Prasad,||| Robert N. Woodward,¶¶¶ Marica Grskovic,¶¶¶ John J. Sninsky,¶¶¶

James P. Yee,||| and Daniel C. Brennan,**** for the Circulating Donor-Derived Cell-Free DNA in
Blood for Diagnosing Active Rejection in Kidney Transplant Recipients (DART) Study Investigators

*Department of Medicine, University of Pennsylvania, Perelman School of Medicine and Penn Kidney Pancreas Transplant
Program, Philadelphia, Pennsylvania; †Department of Surgery and Department of Microbiology and Immunology and
‡‡‡Division of Nephrology, Department of Medicine, University of Maryland School of Medicine, Baltimore, Maryland;
‡Department of Nephrology and Hypertension, Cleveland Clinic, Cleveland, Ohio; §Department of Medicine, David Geffen
School of Medicine at the University of California Los Angeles, Los Angeles, California; |Department of Medicine, Vanderbilt
University Medical Center, and Medical Specialties Clinic, Veteran Affairs Hospital Renal Transplant Program, Nashville,
Tennessee; ¶Thomas Starzl Transplant Institute, University of Pittsburgh Medical Center, Pittsburgh, Pennsylvania; **Division
of Transplantation, Department of Surgery, University of Minnesota, Minneapolis, Minnesota; ††Division of Nephrology,
Department of Medicine, and ‡‡Division Transplantation, University of Alabama School of Medicine, Birmingham, Alabama;
§§Division of Nephrology and Transplant, Department of Medicine, Indiana University School of Medicine, Indianapolis, Indiana;
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ABSTRACT
Histologicanalysisof theallograftbiopsyspecimen is thestandardmethodusedtodifferentiaterejection fromother
injury inkidney transplants.Donor-derivedcell-freeDNA(dd-cfDNA) is anoninvasive testof allograft injury thatmay
enablemore frequent, quantitative, and safer assessment of allograft rejection and injury status. To investigate this
possibility, we prospectively collected blood specimens at scheduled intervals and at the time of clinically indicated
biopsies. In 102 kidney recipients, wemeasured plasma levels of dd-cfDNA and correlated the levels with allograft
rejection status ascertained by histology in 107 biopsy specimens. The dd-cfDNA level discriminated between
biopsy specimens showing any rejection (T cell–mediated rejection or antibody-mediated rejection [ABMR]) and
controls (no rejection histologically), P,0.001 (receiver operating characteristic area under the curve [AUC], 0.74;
95%confidence interval [95%CI], 0.61 to0.86). Positiveandnegativepredictivevalues for active rejectionatacutoff
of1.0%dd-cfDNAwere61%and84%, respectively.TheAUCfordiscriminatingABMRfromsampleswithoutABMR
was0.87 (95%CI, 0.75 to0.97). Positiveandnegativepredictivevalues forABMRata cutoff of 1.0%dd-cfDNAwere
44% and 96%, respectively. Median dd-cfDNA was 2.9% (ABMR), 1.2% (T cell–mediated types$IB), 0.2% (T cell–
mediated type IA), and 0.3% in controls (P=0.05 for T cell–mediated rejection types$IB versus controls). Thus, dd-
cfDNA may be used to assess allograft rejection and injury; dd-cfDNA levels ,1% reflect the absence of active
rejection (T cell–mediated type$IB or ABMR) and levels.1% indicate a probability of active rejection.
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of donor-specific antibody. The dd-cfDNA threshold of 1%
also discriminated type IB TCMR (P=0.01) and transplant
glomerulopathy (P=0.03). We computed the AUC-ROC per-
formance of serum creatinine on this set. For estimating the
positive predictive value (PPV) and negative predictive value
(NPV) of dd-cfDNA to predict active rejection versus no active
rejection, we used the prevalence of 58 active rejections in the
170 patients with 204 biopsy reports available from clinically
indicated biopsies (Figure 2).

The fraction of dd-cfDNA in blood plasma differed signif-
icantly between the groups (Figure 3A). The median level of
dd-cfDNA in patients with active rejection was significantly
higher (1.6%) than in the comparator group (0.3%) of biopsy
specimens without active rejection (P,0.001). Median dd-
cfDNA levels varied by type of active rejection: 2.9%
(ABMR), 1.2% (TCMR only, types IB and IIA), 0.2%
(TCMR only type IA). Because of small numbers, comparison
of TCMR types included the cases of mixed TCMR and
ABMR. Figure 4B shows the data for TCMR $types IB
(P=0.05 versus no active rejection) and TCMR type IA.

The fractions of true and false positive results for dd-cfDNA
to discriminate active rejection are shown in Figure 3C. The
area under the curve (AUC)was 0.74 (95% confidence interval
[95% CI], 0.61 to 0.86). With a cutoff of 1.0%, dd-cfDNA had

an 85% specificity (95% CI, 79% to 91%) and 59% sensitivity
(95% CI, 44% to 74%) to discriminate active rejection from
no rejection. This is graphed as the sensitivity and specificity
over the range of dd-cfDNA (Figure 3E). The range of PPVand
NPV for dd-cfDNA for discriminating active rejection is
shown in Figure 3F; the PPV was 61% and NPV was 84%,
with the 1.0% dd-cfDNA cutoff.

Serum creatinine at time of biopsy did not discriminate
active rejection from no active rejection (Figure 3B). The
ROC curve for creatinine to discriminate active rejection
had an AUC of 0.54 (95% CI, 0.43 to 0.66); i.e., at any cut-
off level for creatinine, there were as many false as true positive
results (Figure 3D).

When the cohort of ABMR (including mixed ABMR and
TCMR) was compared with the cohort of all non-ABMR (in-
cluding TCMR-only), the fraction of dd-cfDNA differed
significantly (P,0.001, Figure 5A), whereas there was no dis-
crimination by serum creatinine (Figure 5B). The fraction of
true positive results and the fraction of false positive results for
dd-cfDNA to discriminate ABMR status are shown in Figure
5C. The AUCwas 0.87 (95% CI, 0.75 to 0.97). With a cutoff of
1.0%, dd-cfDNAhas an 83% specificity (95%CI, 78% to 89%)
and 81% sensitivity (95% CI, 67% to 100%) to discriminate
ABMR from no ABMR. The sensitivity and specificity to

Figure 1. Banff elementary lesions and clinical features correlate with dd-cfDNA level. The 107 samples (27 patients with 27 samples
with active rejection; 75 patients with 80 samples with no active rejection) are rank-ordered and color-coded by dd-cfDNA level. White
indicates the element was not associated with that biopsy/visit. For each sample (x axis), associated elements (y axis) are shown as a
colored box, by the level of dd-cfDNA associated with the sample; highest dd-cfDNA in red, lowest in blue, with a vertical dashed line
at the 1% cutoff. The significance (P value) of association of dd-cfDNA .1% with each element is shown. BM, (glomerular) basement
membrane; CNI, calcineurin inhibitor; DGF, delayed graft function; ENDATs, (gene expression profiles of) endothelial activation (and
injury) transcripts; Inflam, inflammation; ptc, peritubular capillary.
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Figure 3. dd-cfDNA discriminates active rejection. (A) Fraction of dd-cfDNA in active rejection (n=27) versus no active rejection (n=80).
Box and whisker plots; horizontal line represents the median; bottom and top of each box represents 25th and 75th percentiles. Dots
are individual results. Median dd-cfDNA in active rejection 1.6% versus 0.3% for no rejection (P,0.001). (B) Serum creatinine (milli-
grams per deciliter) in active rejection (n=27) versus no active rejection (n=80). Box and whisker plots; horizontal line represents the
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dd-cfDNA discriminates active rejection better than renal 
function

Figure 3. dd-cfDNA discriminates active rejection. (A) Fraction of dd-cfDNA in active rejection (n=27) versus no active rejection (n=80).
Box and whisker plots; horizontal line represents the median; bottom and top of each box represents 25th and 75th percentiles. Dots
are individual results. Median dd-cfDNA in active rejection 1.6% versus 0.3% for no rejection (P,0.001). (B) Serum creatinine (milli-
grams per deciliter) in active rejection (n=27) versus no active rejection (n=80). Box and whisker plots; horizontal line represents the
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Figure 3. dd-cfDNA discriminates active rejection. (A) Fraction of dd-cfDNA in active rejection (n=27) versus no active rejection (n=80).
Box and whisker plots; horizontal line represents the median; bottom and top of each box represents 25th and 75th percentiles. Dots
are individual results. Median dd-cfDNA in active rejection 1.6% versus 0.3% for no rejection (P,0.001). (B) Serum creatinine (milli-
grams per deciliter) in active rejection (n=27) versus no active rejection (n=80). Box and whisker plots; horizontal line represents the
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Discrimination of active rejection by dd-cfDNA versus eGFR 
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Median (range) 2.32 (0.1–23.9) 0.4 (0.03–6.8) 0.58 (0.02–6.7) 0.67 (0.08–3.69) 0.47 (0.04–6.78) 

eGFR 

Number of samples (%) 38 (17.5) 82 (37.8) 72 (33.2) 25 (11.5) 179 (82.5) 

Score mean (SD) 49.0 (22.4) 99.5 (16.1) 55.9 (21.4) 63.8 (29.0) 77.0 (8.45) 

Score median (range) 45.67 (8.0–100.4) 104.5 (47.4–131.1) 55.99 (6.4–109.4) 57.4 (25.0–116.9) 76.06 (6.4–131.1) 
AR, active rejection. 

 

 
Figure 2. Discrimination of active rejection by dd-cfDNA versus eGFR. (A) and (B): Boxes indicate 
interquartile range (25th to 75th percentile); horizontal lines in boxes represent medians; each dot 
depicts one sample. p-values for dd-cfDNA and eGFR adjusted using Kruskal–Wallis rank sum test 
followed by Dunn multiple comparison tests with Holm correction. *** indicates adj. p < 0.0001 from 
all other group comparisons (see Table S2). AR, active rejection; BL, borderline; OI, other injury; STA, 
stable; dd-cfDNA, donor-derived cell-free DNA; eGFR, estimate glomerular filtration rate. 

3.3. Performance Estimates for Discriminatory Ability of Tests 

With a dd-cfDNA cutoff of >1%, the mmPCR-NGS method had an 88.7% sensitivity (95% CI, 
77.7–99.8%) and 72.6% specificity (95% CI, 65.4–79.8%) for detection of AR. Sensitivity and specificity 
values are shown over the range of dd-cfDNA cutoffs in Figure 3A. The AUC was 0.87 (95% CI, 0.80–
0.95). Based on a 25% prevalence of rejection in an at-risk population, the positive predictive value 
(PPV) was projected to be 52.0% (95% CI, 44.7–59.2%) and the negative predictive value (NPV) was 
projected to be 95.1% (95% CI, 90.5–99.7%).  

Sensitivity and specificity were lower using eGFR (Figure 3B). Using an eGFR cutoff score <60 
for AR, sensitivity and specificity values were 67.8% (95% CI, 51.3–84.2%) and 65.3% (57.6–73.0%), 
respectively, with an AUC of 0.74 (0.66–0.83). The projected PPV and NPV values of eGFR were 39.4% 
(31.6–47.3%) and 85.9% (75.9–92.2%), respectively.  

Figure 2. Discrimination of active rejection by dd-cfDNA versus eGFR. (A) and (B): Boxes indicate
interquartile range (25th to 75th percentile); horizontal lines in boxes represent medians; each dot
depicts one sample. p-values for dd-cfDNA and eGFR adjusted using Kruskal–Wallis rank sum test
followed by Dunn multiple comparison tests with Holm correction. *** indicates adj. p < 0.0001 from
all other group comparisons (see Table S2). AR, active rejection; BL, borderline; OI, other injury; STA,
stable; dd-cfDNA, donor-derived cell-free DNA; eGFR, estimate glomerular filtration rate.

3.3. Performance Estimates for Discriminatory Ability of Tests

With a dd-cfDNA cutoff of >1%, the mmPCR-NGS method had an 88.7% sensitivity (95% CI,
77.7–99.8%) and 72.6% specificity (95% CI, 65.4–79.8%) for detection of AR. Sensitivity and specificity
values are shown over the range of dd-cfDNA cutoffs in Figure 3A. The AUC was 0.87 (95% CI,
0.80–0.95). Based on a 25% prevalence of rejection in an at-risk population, the positive predictive
value (PPV) was projected to be 52.0% (95% CI, 44.7–59.2%) and the negative predictive value (NPV)
was projected to be 95.1% (95% CI, 90.5–99.7%).

Sensitivity and specificity were lower using eGFR (Figure 3B). Using an eGFR cutoff score <60
for AR, sensitivity and specificity values were 67.8% (95% CI, 51.3–84.2%) and 65.3% (57.6–73.0%),
respectively, with an AUC of 0.74 (0.66–0.83). The projected PPV and NPV values of eGFR were 39.4%
(31.6–47.3%) and 85.9% (75.9–92.2%), respectively.

As a post hoc analysis, we also evaluated a combination of eGFR with dd-cfDNA. Although we
do not have a large number of samples to train a combined model, we can still see potential empirical
rejection zones. Samples with a very high eGFR score, for example, tend to correspond to non-rejection
samples (Figure S1). Defining the active rejection zone to be dd-cfDNA level >1% and eGFR <100, and
non-rejection to be dd-cfDNA level <1% or eGFR >100, the combined dd-cfDNA and eGFR markers
correctly classified 32/38 (84.2%) AR samples, and 145/179 (81.0%) non-rejection samples. Meanwhile
at an equivalent specificity of 81.0%, (using a cut off of 1.3% dd-cfDNA) the sensitivity of the dd-cfDNA
marker alone was 82.3%. Therefore the combined biomarker approach appeared to add little or no
value over cfDNA alone.

J. Clin. Med. 2019, 8, 19; doi:10.3390/jcm8010019 



dd-cfDNA levels are higher in ABMR 
dd-cfDNA discriminates ABMR but not TCMR

The optimal time interval for serial monitoring of dd-
cfDNA for surveillance remains to be defined, but monthly
would be feasible, because established clinical laboratory tests
such as creatinine aremeasured on amonthly ormore frequent
schedule. Additionally, this test may be ordered if there is a
clinical suspicion of rejection or injury, before deciding on the
need for a renal biopsy. This would be especially useful in
patients who are on anticoagulation therapy or have other
reasons to avoid biopsy. As with all laboratory tests, clinical

assessment of the patient’s context is important when inter-
preting results. Although the dd-cfDNA testmay not eliminate
the need for biopsy, results with high PPV could increase the
prebiopsy probability of detecting treatable injury, so that bi-
opsy could be made an even more effective diagnostic tool. In
associationwith a highNPV, dd-cfDNA results may reduce the
need for biopsy in some cases of elevated creatinine.

In summary, this report sets the initial foundation for the per-
formancecharacteristicsofdd-cfDNAtodetect active rejectionand

Figure 4. dd-cfDNA levels are higher in ABMR than TCMR. (A) dd-cfDNA in 27 biopsy-based rejections: 10 chronic, active ABMR; six
acute/active ABMR; 16 TCMR, types IA (6, ▲), IB (7, ▪), and IIA (3, ◆). Biopsy specimens diagnosed with AMBR and TCMR (mixed) are
shown in the ABMR plots, with points colored to indicate the TCMR diagnosis also made on the same biopsy specimen. ABMR without
TCMR is shown as a circle (●). Median dd-cfDNA 2.9% (ABMR). Median for TCMR-only, 1.2% (types $IB), 0.2% (TCMR type IA). (B) All
data for samples classified as TCMR, including TCMR mixed with ABMR.
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Figure 3. dd-cfDNA discriminates active rejection. (A) Fraction of dd-cfDNA in active rejection (n=27) versus no active rejection (n=80).
Box and whisker plots; horizontal line represents the median; bottom and top of each box represents 25th and 75th percentiles. Dots
are individual results. Median dd-cfDNA in active rejection 1.6% versus 0.3% for no rejection (P,0.001). (B) Serum creatinine (milli-
grams per deciliter) in active rejection (n=27) versus no active rejection (n=80). Box and whisker plots; horizontal line represents the
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Figure 5. dd-cfDNA discriminates ABMR. (A) Fraction of dd-cfDNA in ABMR (n=16) versus no ABMR (n=91). Box and whisker plots;
horizontal line represents the median; bottom and top of each box represents 25th and 75th percentiles. Dots are individual results.
Median dd-cfDNA in ABMR 2.9% versus 0.29% for no ABMR (P,0.001). (B) Serum creatinine (milligrams per deciliter) in ABMR (n=16)
versus no ABMR (n=91). Serum creatinine was not significantly different in median values between two groups (P=0.41). (C) ROC curve
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ELISPOT: metoda k ověření přítomnosti 
paměťových lymfocytů



Dárcovská aloreaktivita koreluje se 
subklinickou rejekcí



IFNγ ELISPOT vyšetření bez SOP

Ashoor I. et al. Am J Transplant. 2013 Jul;13(7):1871-9

Previous ELISPOT data suffers from not standardized methodology: impossible to compare 
results from different centers 





Vyšetření transkriptů z moče predikuje 
rejekci

Prospective study of 430 patients monitored, 4000 urinary samples, validation cohort
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Imunologické metody použitelné 
po transplantaci 

• LUMINEX (anti HLA, DSA)
• FACS (subpopulace T a B buněk, FCXM)
• RT-PCR (mRNAs exprese – transkripty, dd-cfDNA)
• Microarray (MMDx – molekulární patologie)
• ELISA (IP-10, KIM.. nemají prediktivní roli)
• IFN-gamma ELISPOT (zřejmě slepá cesta)

71



Možnosti predikce imunologické 
odpovědi po transplantaci

• Výskyt akutní rejekce se v poslední době pohybuje do 12%, 
v polovině případů jde o humorální rejekci

• Hlavním důvodem ztráty štěpu v dlouhodobém sledování je 
chronická humorální rejekce

• Předtransplantační predikce humorální odpovědi je stále 
založena na „starých“ testech PRA, CDC, FACS CM ale
rovněž na virtuálním crossmatch (anti HLA skríning v době 
zařazení do čekací listiny). Definice neakceptovatelných 
antigenů respektive neakceptovatelné síly protilátek 
zůstává nejasně definována, zdá se, že budoucnost má 
definice akceptovatelných epitopů!

• Z nových testů má největší šanci na klinické uplatnění test 
prokazující přítomnost dd cf DNA – zatím jen k monitoraci 
humorální odpověd


