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In—depth review

Immunological Characteristics and Management of Kidney Transplantation

Myung-Gyu Kim

Division of Nephrology, Department of Internal Medicine, Korea University Anam Hospital, Seoul, Korea

Kidney transplantation (KT) is the best way to improve the quality of life and survival of patients with end-stage renal disease.
However, after KT the adaptive immune system plays important roles in the development of rejection via multiple pathways.
Accordingly, the suppression or modulation of these pathways is key to allograft survival. Advances in our understanding of the im-
munology related to KT with the development of immunosuppressants have reduced the rate of acute rejection and improved
short-term transplant outcomes. Nonetheless, de novo donor-specific antibodies and subsequent chronic rejection continue to be re-
sponsible for the poor long-term survival of transplanted patients. In addition, the morbidity and mortality rates in patients returning
to dialysis after graft failure are high. Better long-term outcomes following KT require innovative treatment strategies that include
a focus on de novo antibodies. Here, we review basic transplant immunology as well as the diagnostic tools and medications that con-
tribute to successful KT. We also provide an update on newly developed immunosuppressants. (Korean J Med 2020;95:18-26)
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Table 1. Revised Banff 2017 classification for antibody- and T cell-mediated rejection

Active antibody-mediated rejection; all three criteria must be met for the diagnosis
1. Histologic evidence of acute tissue injury, including one or more of the following:
* Microvascular inflammation (g > 0 and/or ptc > 0) in the absence of recurrent or de novo glomerulonephritis, although in the presence
of acute TCMR, borderline infiltrate, or infection, ptc > 1 alone is not sufficient and g must be > 1
* Intimal or transmural arteritis (v > 0)
* Acute thrombotic microangiopathy, in the absence of any other cause
* Acute tubular injury, in the absence of any other apparent cause
2. Evidence of current/recent antibody interaction with the vascular endothelium, including one or more of the following:
* Linear C4d staining in peritubular capillaries (C4d2 or C4d3 by IF on frozen sections, or C4d > 0 by IHC on paraffin sections)
* At least moderate microvascular inflammation ([g + ptc] > 2) in the absence of recurrent or de novo glomerulonephritis, although
in the presence of acute TCMR, borderline infiltrate, or infection, ptc > 2 alone is not sufficient and g must be > 1
* Increased expression of gene transcripts/classifiers in the biopsy tissue strongly associated with ABMR, if thoroughly validated
3. Serologic evidence of donor-specific antibodies (DSA to HLA or other antigens):
* C4d staining or expression of validated transcripts/classifiers as noted above in criterion 2 may substitute for DSA; however thorough
DSA testing, including testing for non-HLA antibodies if HLA antibody testing is negative, is strongly advised whenever criteria
1 and 2 are met
Chronic active antibody-mediated rejection; all three criteria must be met for the diagnosis
1. Histologic evidence of acute tissue injury, including one or more of the following:
* Transplant glomerulopathy (cg>0) if no evidence of chronic TMA or chronic recurrent/de novo glomerulonephritis
* Severe peritubular capillary basement membrane multilayering
* Arterial intimal fibrosis of new onset, excluding other causes; leukocytes within the sclerotic intima favor chronic ABMR if there
is no prior history of TCMR
2. Same as criteria 2 for active antibody-mediated rejection
3. Same as criteria 3 for active antibody-mediated rejection
Acute T cell-mediated rejection

Grade [A Interstitial inflammation involving > 25% of nonsclerotic cortical parenchyma (i2 or i3) with moderate tubulitis
(t2) involving one or more tubules, not including tubules that are severely atrophic

Grade IB Interstitial inflammation involving > 25% of nonsclerotic cortical parenchyma (i2 or i3) with severe tubulitis (t3)
involving one or more tubules, not including tubules that are severely atrophic

Grade ITA Mild to moderate intimal arteritis (v1), with or without interstitial inflammation and/or tubulitis

Grade IIB Severe intimal arteritis (v2), with or without interstitial inflammation and/or tubulitis

Grade III Transmural arteritis and/or arterial fibrinoid necrosis of medial smooth muscle with accompanying mononuclear

cell intimal arteritis (v3), with or without interstitial inflammation and/or tubulitis
Chronic active T cell-mediated rejection
Grade A Interstitial inflammation involving > 25% of the total cortex (total inflammation(ti) score 2 or 3) and > 25% of the
sclerotic cortical parenchyma (i-IFTA score 2 or 3) with moderate tubulitis (t2) involving one or more tubules,
not including severely atrophic tubules

Grade IB Interstitial inflammation involving > 25% of the total cortex (ti score 2 or 3) and > 25% of the sclerotic cortical paren-
chyma (i-IFTA score 2 or 3) with severe tubulitis (t3) involving one or more tubules, not including severely atrophic
tubules

Grade II Chronic allograft arteriopathy (arterial intimal fibrosis with mononuclear cell inflammation in fibrosis and formation
of neointima)

TCMR, T cell-mediated rejection; IF, immunofluorescence; IHC, immunohistochemistry; ABMR, antibody-mediated rejection; DSA,
donor-specific antibody; ti score, total inflammation score; i-IFTA, inflammation in interstitial fibrosis and tubular atrophy.
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