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CHRONIC ACTIVE T-CELL MEDIATED 

REJECTION

(POSSIBLE CONTENDERS)

 Interstitial fibrosis and tubular atrophy (IFTA) 
with interstitial inflammation (i) > 0

 DSA-/C4d- transplant glomerulopathy



INTERSTITIAL FIBROSIS WITH AND 

WITHOUT INFLAMMATION



CLINICAL SIGNIFICANCE OF 

INFILTRATES IN FIBROTIC AREA
Cosio FG et al. AJT 2005; 5:2464





FIBROSIS WITH INFLAMMATION AT ONE 

YEAR PREDICTS FUNCTIONAL DECLINE
Park et al. JASN 2010; 21 : 1987

151 living-donor recipients Microarray profiles of biopsies:
86 normal histology Acute rejection associated genes
45 IF/TA alone in biopsies with IF/TA with inflam.
20 IF/TA with inflammation



MOLECULAR  FEATURES OF 

INFLAMATION IN SCARRED AREAS
Mengel M et al. AJT 2009; 9 : 169



MOLECULAR  FEATURES OF 

INFLAMATION IN SCARRED AREAS
Mengel M et al. AJT 2009; 9 : 169

Gene expression 
profiles of biopsies with 
IF/TA and inflammation 
showed upregulation of 
genes related to CTL, 
IFN-γ, macrophages, B 
cells, immunoglobulins, 
injury and repair 
induced transcripts



TOTAL INFLAMMATION SCORE IS 

SUPERIOR TO i-BANFF SCORE
Mengel M et al. AJT 2009; 9:1859









SUMMARY:

IFTA WITH INFLAMMATION

 Lower allograft survival compared to 
IFTA w/o inflammation

 Increased intragraft gene transcripts 
associated with immune activity (CTL, 
IFN-γ, macrophages, B cells)

 Potential for diagnosis of chronic TCMR 



CHRONIC ACTIVE T-CELL MEDIATED 

REJECTION

(POSSIBLE CONTENDERS)

 Interstitial fibrosis and tubular atrophy (IFTA) 
with interstitial inflammation (i) > 0

 DSA-/C4d- transplant glomerulopathy



15% C4d 

+36% DSA+







GENE EXPRESSION PROFILES OF 

TRANSPLANT GLOMERULOPATHY
Elster EA…Mannon RB. J Mol Diag 2010 12 : 653

 TGP was identified in 20 biopsies of 18 patients 
(11%) of 963 core biopsies from 166 patients. Ten 
patients (56%) had DSAs
 87 genes related to immune function and fibrosis 

were studied by RT-PCR
 32 biopsies from 19 stable patients were used as 

control
 Cell-mediated immune response related genes 

upregulation, ICAM-1 (>3.15 fold), IL-10 (> 16.9 
fold) and CCL3 (> 3.15 fold) and the probability of 
TGP is 99.67%







Clin J Am Soc Nephrol 2013; 8: 2141–21



HISTOPATHOLOGY



INTRAGRAFT GENE EXPRESSION 

PROFILES



CONCLUSIONS

 Increased ptc scores were only observed in DSA+ (CAMR and 
DSA+/C4d- TGP) but not in DSA-/C4d- TGP biopsies and increased g 
scores in all TGP biopsies regardless of DSA or C4d status suggest that 
peritubular capillaritis is a more specific histopathologic marker of 
CAMR than glomerulitis.

 Both CAMR and DSA+/C4d- TGP biopsies had high microvascular 
inflammation (g+ptc) scores and similar gene expression profiles with 
activation of cytotoxic T cells, natural killer cells, macrophages, and 
gene transcripts associated with cellular and antibody-mediated 
rejection suggesting that DSA+/C4d- TGP may be classified as CAMR.

 DSA-/C4d- TGP biopsies did not demonstrate gene transcripts of CAMR, 
but showed increased CAT, suggesting T-cell activation as a mechanism 
of ongoing injury.



MOLECULAR SIGNIFICANCE OF MVI 

AND C4d NEGATIVE TGP
Lubetzky et al. ATC 2016, Abstract# 56

 A total of 100 patients with biopsy proven TGP
 49 with MVI score <2 and 51 with MVI score ≥2.  

Median follow up time was similar between the two 
groups (9.71 vs 8.3 years, p=0.21). 

 A total of 44 allograft biopsies were studied using 
Affymetrix HuGene 1.0 ST expression arrays; 
 Group 1:12 biopsies with normal biopsy findings 
 Group 2:17 biopsies with a diagnosis of TGP, c4d 

positive and/or a MVI score >1
 Group 3:15 biopsies with a diagnosis of TGP and MVI 

and C4d negative
 Group 3A:10 biopsies no DSA 
 Group 3B: 5 biopsies with DSA



DEMOGRAPHICS
MVI negative
(n=49)

MVI positive
(n=51)

P value

Age at 
Transplant

45.29±13.53 38.55±13.85 0.01

Sex (Male) 59.2% 58.8% 0.97

Race (African 
American)

63.3% 70.6% 0.44

Type of 
Transplant 
(Deceased 
Donor)

65.3% 62.7% 0.79

Cause of Kidney 
Disease
(DM)

24.5% 15.7% 0.10

HCV negative 92.1% 100% 0.15

Induction Type
(r-antithymocyte 
globulin)

53.1% 52.9% 0.54

DSA at time of 
transplant

4.1% 7.8% 0.43

Immunosupressi
on
(CNI+MMF+Pred
)

75.5% 82.4% 0.35

History of prior 
rejection

2.0% 27.5% <0.001

De novo DSA 12.2% 56.9% <0.001

Class 1 PRA % 22 ± 27% 25 ± 30% 0.44

Class II PRA % 29 ± 36% 44 ± 34% 0.08

Time to biopsy 6.41 (3.27-9.35) 6.58 (3.32-10.12) 0.58

Last Creatinine 4.67±3.0 5.07±3.79 0.89

Proteinuria 3.15±3.88 2.34±2.54 0.46

Follow up time 9.71 (7.32-12.56) 8.3 (5.05-12.84) 0.21



GRAFT SURVIVAL 



GRAFT SURVIVAL 



DIFFERENTIALLY EXPRESSED GENE 

TRANSCRIPTS

 MVI AND/OR C4d+ TGP

 Comparisons FDR p < 0.05 
(2932) Fold Change >2 
(340) Both (331)

 MVI AND/OR C4d- TGP

 Comparisons FDR p < 0.05 
(831) Fold Change >2 (140)
Both (122)



Pathogenesis base gene transcript expression in MVI 

positive (G2) and negative TG (G3) to normal (G1)



CHRONIC INJURY DUE TO:

CELLULAR IMMUNE RESPONSE

ANTIBODY-MEDIATED RESPONSE

AUTOANTIBODIES?

C4b  +  C4aC4

C1

Donor-HLA

Anti-HLA-Ab

Allo-antibody mediated mechanisms Chronic cellular rejection

PMN

Mø

T-cell
CNI?

AEA?
T-cell

T-cell

C4d
MAC

C2a

C3a + C3b

MECHANISMS OF TRANSPLANT GLOMERULOPATHY



A MOLECULAR APPROACH TO CHRONIC 

REJECTION: CHRONIC ANTIBODY VERSUS 

T CELL MEDIATED REJECTION
ATC 2017

 Group 1 (G1):  Normal transplant kidney 
biopsies (n=16)

 Group 2 (G2): Chronic AMR (n=33)
 Group 3 (G3):  Chronic TCMR (n=27)

 G3A: DSA negative IFTA with i > 0 (n=17)
 G3B: DSA/C4d negative TGP (n=10)

 Group 4 (G4): IFTA without inflammation 
(n=12)

 Group 5 (G5): DSA positive IFTA with i>0 
without C4d deposition or microvascular
inflammation (n=13) 



BANFF ALLOGRAFT INJURY SCORES

Group 1 

(Normal 

Biopsy)

Group 2

(CAMR)

Group 3

(CTCMR)

Group 4

(IFTA alone)

Group 5

(DSA+ i-

IFTA)

g 0 0.75±0.83 0.29±0.6 0.08±0.27 0

ptc 0 1.48±1 0.44±0.75 0.16±0.37 0.23±0.42

MVI 0 2.2±1.5 0.74±1.1 0.25±0.43 0.23±0.42

i 0 1.39±0.96 1.07±0.78 0 1.1±0.7

ci 0 1.62±0.8 1.74±0.85 1.61±0.86 1.69±0.94

ct 0 1.69±0.95 1.73±0.91 1.84±0.8 1.53±0.96

cv 0 0.75±0.79 0.81±0.47 0.5±0.5 1.15±0.86

ci+ct+cv 4±2 4.25±1.95 3.75±1.63 4.3±2.2

cg 0 1.12±1.16 0.5±0.81 0 0

C4d+ (% 

biopsies)

0 67 0 0 0



log rank p=0.007
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INTRAGRAFT GENE TRANSCRIPTS

CHRONIC ANTIBODY-MEDIATED REJECTION



INTRAGRAFT GENE TRANSCRIPTS

CHRONIC T CELL-MEDIATED REJECTION



INTRAGRAFT GENE TRANSCRIPTS

IFTA ALONE



INTRAGRAFT GENE TRANSCRIPTS

DSA+ IFTA WITH INFLAMMATION



SUMMARY

 Increased DSAST transcripts is a specific biomarker 
for molecular diagnosis of AMR

 DSA/C4d negative TGP and IFTA with inflammation 
biopsies (i>0) have a unique molecular signature 
with increased expression of CAT, TREG, and BAT 
but not DSAST suggesting that it could be 
classified as chronic TCMR

 DSA+ biopsies with IFTA with inflammation 
biopsies (i>0) but without C4d or MVI did not show 
molecular features of chronic AMR but chronic 
TCMR



LIMITATIONS

• A small sample size, which in the context of 
microarray studies, provides a statistical constraint.

• Lack of protocol biopsies at different time points 
after transplantation. 

• Although we have good gene transcript sets for 
molecular diagnosis of AMR (such as DSAST), we do 
not have proven gene transcript sets for chronic T 
cell mediated rejection. How do we differentiate, 
acute T cell mediated rejection from chronic T cell 
mediated rejection by molecular microscope?

• We do not have any specific immunohistopathologic 
marker for chronic T cell mediated rejection



FUTURE DIRECTIONS

• BANFF working group for T cell mediated rejection 
was created (Volker Nickeleit and Parmjeet 
Randhawa are leading the working group)

• Michael Mengel is leading a working group to 
generate consensus in Molecular Transplant 
Diagnostics

• Phil Halloran is leading INTERCOM study for 
molecular diagnosis of transplant kidney biopsies
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Pathogenesis base gene transcript expression in MVI 

negative TG with (G3A) and without DSA (G3B) to 

normal (G1)


