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1. Solid organ
2. Tissue/tissue complex

(vascularised tissue allograft)
3. HSCT/BMT



Kidney transplant pathology

• ATN and ischemic-reperfusion injury
• Rejection (acute, chronic, late-onset)
• Infection (BKV, CMV)…
• Thrombotic microangiopathy
• CNI nephrotoxicity (tacrolimus, CsA)
• Reccurrence of GN, de novo GN 
• PTLD
• Lesions inherited from the donor 

(arteriosclerosis, glomerulosclerosis, tubular atrophy, interstitial fibrosis)



Deterioration of kidney graft function

Prerenal
• Hypovolemia, diarrhea, heart failure…

Renal (parenchymal)
• Rejection
• Reccurrence of primary disease, de novo glomerulopathy
• Urinary track infection
• Drugs (CNI, mTOR-i, NSAID, ACE-I, aminoglycosides)
• PVN (BKV) – SV40 in biopsy



Deterioration in renal graft function

Postrenal
• Urine obstruction
calculi, ureteral stricture, BPH, neoplasms, hematoma, lymphocele,
RPF…

+ hypertension, proteinuria, odema and raised SCr
in clinical presentation



Kidney transplant 
pathology





Transplant immunology



Types of transplants



Transplant immunobiology
1. The principal function of the immune system 

is to defend against infection

2.  Fundamental to this function is the capacity of the immune system     
to discriminate between self and non-self antigens

3. The immune response to allograft can be divided into:
• recognition of foreign (non-self) antigens
• activation of antigen-specific lymphocytes
• the effector phase of graft rejection



MHC structure
1. The genes that determine

the rejection or acceptance
of graft are present in a locus
on chromosome number 6

2. The MHC class I molecule is
composed of a polymorphic
alpha chain (3 domains) 
noncovalently attached to a 
nonpolymorphic beta2-
microgobulin chain

3. The MHC class II consist of 2 
alpha chains (two domains) 
and 2 beta chains (two
domains), both polymorphic

4. Both class I and class II bind a 
peptide in their polymorphic
region (peptide-binding
groove)



Pathways of allorecognition





Three signal model 
of T cell acitvation

Signal 1 (stimulation, allorecognition) 
• naïve T cells recognize alloantigen; nonself

antigen is recognized by APC and presented 
in a complex with MHC. 

• T-cell receptors recognize MHC-Ag complex 
on APC

Signal 2 (co-stimulation) 
• is provided by the triggering of CD28 on the T 

cell by CD80/CD86 molecules on DC
• B7 family - CD28 and CD152(CTLA4)

Signal 3 (proliferation)
• T cells differentiate into various effector 

phenotypes Th1, Th2, secrete cytokines, 
infiltrate the graft

• activation of B cell depends on CD4





Cytotoxic CD8 T cells carry out their killing function by releasing two types of 
preformed cytotoxic protein: the granzymes, which seem able to induce apoptosis
in any type of target cell, and the pore-forming protein perforin, which punches
holes in the target-cell membrane through which the granzymes can enter





Antibody-mediated rejection



Transplant rejection

• transplant rejection is an immune inflammatory reaction

• graft is rejected by the recipient`s immune system that leads
to graft dysfunction



Types of rejection

According to the alloimmune response in time
• Hyperacute – within minutes/hours after engraftment; anti-HLA 

Ab`s in R, ABO incompatibility; 
excluded by biological XM 

• Acute – within few days-months (cellular, humoral, mixed)

• Chronic > 1 year following tx (cellular, humoral, mixed)
within weeks-months

• GvHD in BMT (allo-HSCT)
According to the damage pattern
• Cellular rejection (T-cell mediated)
• Antibody-mediated rejection (ABMR)



Risk factors
for acute rejection



Acute rejection

• T-cell mediated AR (tubulitis or endarteritis)
• Antibody-mediated rejection

(microcirculation inflammation, PTC-itis with C4d /+/ or C4d /-/)

• Within first 3 months after tx, graft function deterioration (AKI)      or
subclinical rejection with stable graft function

• Clinical symptoms?
-decrease in urine output, hypertension
pain in the area of the graft, low-grade fever

-subclinical

• Graft biopsy!



Graft biopsy

70% cellular rejection
In sensitized recipients – ABMR 40- 90%!
In non-sensitized ABMR is 5-7%  

Acute ABMR is combined with cellular rejection in 25%
An isolated form of ABMR are rare



Protocol renal graft biopsy
• Subclinical rejection may be treated before kidney function

deteriorates
• Early therapeutic intervention, modification of IS regimen

prevents from irreversible chronic lesions
• Biopsy reveals:

– Subclinical Tcell-AR
– Subclinical ABMR
– IF/TA
– Recurrence of glomerulonephritis
– PVN (BKV)

• Limitation – invasive procedure



Classification of cellular rejection



Classification of humoral rejection











Treatment of cellular rejection

• First line treatment – methylprednisolone 500mg iv, infusion
lasting 1 hour (250-1000mg iv) for 3 -5 days; If no response
within 5 days– steroid resistant AR, give polyclonal
antilymphocyte sera (lymphocyte-depleting Ab`s)

• >75% episodes of early AR response to initial treatment

• Raised maintanance immunosuppression based on CNI!

• Avoid steroid-free regimen

• GS+tac+MMF

• In high risk for CMV infection in pts treated with ATG - give
ValGCV



KDIGO 2009
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Graft loss
IS reduction (intended or unintended)
GS- free or CNI-free regimen
mTOR-I
non-adherence

↓
T, B activation

↓
DSA

↓ 
ABMR

↓ 
graft loss
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Molecular microscope

Molecular Microscope Diagnostics System (MMDx) is new microarray biopsy service.
MMDx is a central diagnostic system that uses a MyGeneChip™ Custom Microarray
from Thermo Fisher Scientific to measure transcript levels in biopsies, apply algorithms
and compare algorithm results to a set of reference biopsies.



Antibodies in ABMR 

• Anti-HLA Ab`s (Donor Specific Antibodies –DSA) class I, class II
• Pre-formed (preexisting) DSA 
• De novo DSA 
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Antibodies in ABMR 

• Anti-HLA Ab`s
• Anti-non-HLA Ab`s

-Anti-MICA (MHC I chain related)

-Anti-ATR1 (angiotensyn type 1 receptor)
-Anti-endothelium
-Anti-LG3
-Anti-ABO 



De novo DSA

• in 13-30% nonimmunized recipients 

• mainly directed against class II

• appear in the 1st yr post tx
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Risk factors for dn DSA

• Re-tx
• Preformed anti-HLA 
• HLA MM between D and R (DR and DQ)
• Young age
• Non-adherence, non-compliance
• IS reduction
• Infection (CMV)
• Subclinical TCR
• Graftectomy
DSA are the risk factors for ABMR and graft loss
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1929-2016
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The humoral theory of graft rejection was proposed
by P. Terasaki in 1969



Preformed anti-HLA 

• Developing prior to tx
• Previus exposure to antigens:

� Blood transfusions
� History of tx, raised DSA after graftectomy
� Pregnancy 30% of women produce Ab`s
� Infection
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Detection of anti-HLA 

– PRA-CDC  (lymphocytotoxic test) complement-dependent, 
serologic test that detects complement-binding antibodies
in serum (recipient); low sensitivity

– Flow cytometry (FCXM)- T , B cells, more sensitive, no 
specificity

– Solid phase tests- assess the specificity of DSA
• Flow fluorimeter (Luminex) with beads (microspheres)
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Luminex
• Sreening test – anti-HLA IgG, class I and class II 
• Single antygen bead (SAB)- determines the specificity

of the antibodies and mean fluorescent intensity
(MFI)

• Advantage – high sensitivity and specificity
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How antibodies destroy the graft?
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•DSA binds to alloantigen on graft endothelium that activate the
complement system on classic way, membrane attack complex (MAC)
Damage phenotype is ABMR

•DSA activates proliferation of endothelium, activates synthesis
of growth factor, stimualtion of FGF receptor
Damage phenotype: transplant glomerulopathy
and vasculopathy

• DSA activates antibody-dependent cytotoxicity
Innate immune response – neutrophiles, macrophages, NK bind to Fc

DSA that stimulates macrophages degranulation, lytic enzymes destroy
the graft
Damage phenotype: subclinical and chronic ABMR



DSA class

• HLA class I are expressed on all nucleated cells

• HLA class II (DR, DQ, DP) are present on APC (dendritic cells, B cells, 
macrophages) and can be expressed after inflammation ie. Ischemia-
reperfusion injury, infection, rejection

• Preformed DSA can be in class I, class II or both

• Majority of dn DSA are class II (DQ). DSA class I are detected early post-tx, 
subclasses IgG1 and IgG3 (compelment-binding), responsible for acute
ABMR and graft loss

• DSA class II are late-onset, complement non-binding, subclass IgG2 and 
IgG4, long-lasting, responsible for chronic ABMR  and transplant 
glomerulopathy
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DSA and C4d 

• C4d /+/ in PTC is an evidence of recent complement activation
in the course of ABMR  

• C4d are an independent risk factor for graft deterioration       
and graft loss

• C4d /+/ ABMR is complement-mediated (complement-
dependent cytotoxicity) and result in more severe clinical 
course

• C4d /-/ ABMR is associated with non-complement dependent 
mechanism, subclinical chronic course, resulting in graft 
dysfunction and loss
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DSA and clinical phenotypes
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Lefaucheur C, J Am Soc Nephrol 27, 2016

DSA (+), C1q (-)



Treatment of ABMR





NO EFFECTIVE THERAPY AVAILABLE





ABMR prevention

• Adequate IS based on CNI (tac)
• On CsA 2-7x risk for dn DSA

• Tacrolimus level in 1st year >8 ng/ml
• Alternative treatment - belatacept
• HLA matching in DR/DQ
• Treatment of subclinical rejection
• Prevent from dn DSA





Liver graft rejection
• ABMR  

- hyperacute – liver graft deterioration/primary non-function within 2 weeks
of engraftment

- humoral rejection C4d/+/ and DSA…

• Acute cellular rejection (ACR)- immune response directed against
biliary epithelial cells and endothelium (diagnostic Snover`s triad, 2 out of 3 )

- portal inflammation with mixed infiltration of T cells, plasma cells, 
neutrophils, macrophages, eosinophiles

- bile duct damage (ductitis)
- central or portal vein endothelial inflammation (venulitis, endothelitis)

• rejection activity index (RAI)
RAI 4-5- mild, RAI  6-7 – moderate, RAI 8-9 – severe



Liver graft rejection

• Late ACR (atypical) >6 months
interface activity, central perivenulitis, necrosis, lobular hepatitis

Monomorphic, mononuclear inflammation
Pathologic findings similar to chronic hepatitis or AIH-like

• Chronic rejection CR 
Immune response is directed against endothelium of hepatic artery and 
biliary epithelial cells
- Ductopenic rejection (vanishing bile duct syndrome)
- Vascular rejection



This example of severe acute rejection was taken from a failed allograft, 
removed several weeks after transplantation. Note the liver hilum and 
rarely sampled with a needle biopsy. marked portal tract(PT) inflammation 
that focally spills over into the periportal hepatic parenchyma. A similar 
infiltrate is seen in and around the central veins(CV), and is associated 
with perivenular hepatocyte necrosis and dropout. 



This is an example of severe bile duct damage, a change that was 
present in most of the portal triads in the failed allograft shown 
in Figure 1. In this example, there are inflammatory cells inside the 
basement membrane, reactive changes with nuclear pleomorphism 
and lumenal disruption. In the Banff schema, this lesion would 
receive a score of "3" for bile duct damage.

https://tpis.upmc.com/changeBody.cfm?url=/tpis/HB/H00023m.jsp
https://tpis.upmc.com/changeBody.cfm?url=/tpis/schema/RAI.jsp


severe or grade "3" portal inflammation in the Banff Schema that 
markedly expands the portal tracts. There is also severe or grade "3" 
bile duct injury(arrow).

https://tpis.upmc.com/changeBody.cfm?url=/tpis/schema/RAI.jsp

