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ABBREVIATIONS: 

ABMR: Antibody-mediated rejection; DSA: Donor-specific antibodies; eGFR: Estimated 

glomerular filtration rate; EM: Electron microscope; FFPE: Formalin-fixed paraffin-embedded; g: 

Glomerulitis; HLA: Human leukocyte antigens; IFTA: Interstitial fibrosis and tubular atrophy; Ig: 

Immunoglobulin; IQR: Interquartile range; KT: Kidney transplantation; MPA: Mycophenolic acid; 

mTORi: Mammalian target of rapamycin inhibitors; MVI: Microvascular inflammation; iMVI: 

isolated microvascular inflammation;  NK: Natural killer cell; PBL: Peripheral blood lymphocytes; 

ptc: Peritubular capillaritis; sABMR: Suspicious for antibody-mediated rejection; SD: Standard 

deviation; TCMR: T-cell mediated rejection. 
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ABSTRACT 

 

Isolated microvascular inflammation (iMVI) without HLA donor-specific antibodies or C4d 

deposition in peritubular capillaries remains an enigmatic phenotype, which cannot be categorized 

as antibody-mediated rejection (ABMR) in recent Banff classifications. We included 221 kidney 

transplant recipients with biopsies with ABMR (n=73), iMVI (n=32), and normal (n=116) 

diagnoses. We compared peripheral blood leukocyte distribution by flow cytometry and 

inflammatory infiltrates in kidney transplant biopsies among groups. Flow cytometry showed less 

lymphocytes and total, CD4+, and CD8+ peripheral T cells in iMVI compared with ABMR and 

normal cases. ABMR and iMVI had fewer total Natural Killer (NK) cells but more NKG2A+ NK 

cells. Immunohistochemistry indicated that ABMR and iMVI had higher CD3+ and CD68+ 

glomerular infiltration than normal biopsies, whereas CD8+ and TIA1+ cells only increased in iMVI, 

suggesting they are cytotoxic T cells. Peritubular capillaries displayed more CD3+, CD56+, TIA1+, 

and CD68+ cells in both ABMR and iMVI. In contrast, iMVI had less plasma cell infiltration in 

peritubular capillaries and interstitial aggregates than ABMR. iMVI displayed decreased circulating 

T and NK cells mirrored by a T cell and NK cell infiltration in the renal allograft, similar to ABMR. 

However, a lesser plasma cell infiltration in iMVI may suggest an antibody-independent underlying 

stimulus. 

 

Abstract word count: 201 words. 

Significance statements word count: 124 words.  

Manuscript word count: Total: (3910+abst) = 4111 words. 

 

Keywords: Antibody-mediated rejection, immune cell, immunohistochemistry, kidney biopsy, 

kidney transplantation, microvascular inflammation
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SIGNIFICANCE STATEMENTS  1 

What is already known about this subject: Isolated microvascular inflammation (iMVI), defined 2 

as MVI histology without HLA-DSA or C4d deposition, cannot be classified as ABMR according 3 

to Banff classification despite being a negative prognostic indicator of graft survival. 4 

What this study adds: the present study identifies significant inflammatory infiltrate alterations in 5 

iMVI biopsies, showing intense cytotoxic T cell and NK cell infiltration, similar to ABMR. 6 

However, the deficient plasma cell infiltration in iMVI suggests an antibody-independent 7 

underlying stimulus. Additionally, iMVI shows decreased circulating T and NK cells, potentially 8 

due to their recruitment towards the graft endothelium. 9 

What impact this may have on practice or policy: understanding the pathophysiological pathways 10 

of ABMR- and iMVI-damage should lead to improving diagnostic stratification, cost-efficient 11 

therapeutic decisions and outcomes.  12 
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INTRODUCTION 13 

Antibody-mediated rejection (ABMR) is a leading cause of graft loss in kidney transplantation (KT) 14 

with no curative treatment.1–6 Human leukocyte antigen (HLA) donor-specific antibodies (DSA) 15 

may exert their function activating the complement cascade by binding to HLA expressed by 16 

allograft endothelium, resulting in peritubular capillary C4d deposition, immune cell activation, and 17 

microvascular inflammation (MVI). The presence of glomerulitis (g) and/or peritubular capillaritis 18 

(ptc) characterizes MVI lesions on allograft tissue and may occur in the absence of complement 19 

activation.5,7 20 

Since the Banff consensus in 2001, three main criteria outline ABMR diagnosis:8,9 serologic 21 

evidence of circulating HLA-DSA, compatible histology (i.e., acute tubular necrosis, MVI, among 22 

others), and evidence of antibody-endothelium interaction (i.e., C4d+ staining in peritubular 23 

capillaries). For some years, incomplete phenotypes combining two out of three criteria were 24 

classified as “suspicious for ABMR” (sABMR).9 In 2013, the classification allowed diagnosis of 25 

C4d-negative ABMR if moderate MVI (defined as g+ptc≥ 2, and hereinafter referred to as MVI) 26 

was present.10,11 Of note, the 2017 classification incorporated C4d staining and intrarenal gene 27 

transcripts as surrogates for HLA-DSA in the serological criterion, and the sABMR category was 28 

eliminated.12 The criteria for ABMR diagnosis were unchanged in 2019.13 Therefore, the presence 29 

of MVI on allograft biopsy is currently the cornerstone of ABMR diagnosis.10,12 However, a subset 30 

of patients develops this lesion in the absence of detectable HLA-DSA and peritubular endothelial 31 

C4d deposition,14,15 revealing an orphan category in recent Banff classifications that has shown to 32 

be a negative prognostic indicator of graft survival, independently of the C4d or HLA-DSA 33 

status.11,16–18 34 

The pathogenesis of ABMR has been linked to the activation of memory B cells or plasma cells, 35 

which can produce antibodies that target mismatched donor molecules. The role of T cells in 36 

humoral rejection has been scarcely evaluated except for T follicular helper cells.19,20 Moreover, 37 
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ABMR-damage frequently shows marked infiltration of macrophages, neutrophils, and Natural 38 

Killer (NK) cells, associated with poor outcomes.21–24 In fact, transcriptomic studies have identified 39 

a signature associated with NK cells in ABMR.25–28 Previous studies have hypothesized that the 40 

contribution of NK cells to graft rejection may depend on their ability to exert antibody-dependent 41 

cell-mediated cytotoxicity through the FcγRIIIA receptor (CD16A) triggered by HLA-DSAs 42 

attached to their target cells.29 FcγRIIIA displays a common functional dimorphism 43 

(valine/phenylalanine-158, rs396991) which might be capable of modifying the receptor affinity for 44 

IgG subclasses and modulating the activity of FcγRIIIA-expressing leukocytes.30 Furthermore, 45 

evidence suggests that NK cells may also be activated in the absence of HLA-DSAs being 46 

responsible for MVI on renal allograft biopsies due to the lack of recognition of donor HLA class I 47 

molecules by their inhibitory receptors, known as “missing-self” activation, pointing out to possible 48 

alternative mechanisms of NK cell activation after transplantation.31–33 Although NK cells seem to 49 

be involved in both ABMR and iMVI,34 the contribution of other immune cells to iMVI is not well 50 

charted. 51 

Here, we aim to describe the participation of immune cells that may differ between isolated MVI 52 

(iMVI) and ABMR, reflecting different pathophysiology. For this purpose, we analyzed: a) 53 

peripheral blood lymphocytes (PBL) and b) infiltrating immune cells in KT biopsies of patients 54 

diagnosed with iMVI, ABMR, and a control group.  55 
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METHODS 56 

Study population and design 57 

Observational cohort study considering all KT patients from Hospital del Mar with surveillance and 58 

clinically indicated allograft biopsies performed between 2006 and 2018. Those cases 59 

accomplishing the histomorphological diagnosis of ABMR and iMVI were included. ABMR 60 

diagnosis and MVI score were defined according to Banff criteria.13 Each patient contributed with 61 

one biopsy, always considering the first episode of ABMR/MVI. All patients with normal histology 62 

or mild IFTA were included as controls. HLA-DSA determination was performed in serum samples 63 

contemporaneous with allograft biopsies (Suppl. Methods).  64 

The final cohort included 221 KT patients (116 controls, 73 with ABMR, and 32 with iMVI). First, 65 

PBL distribution was assessed in 204 KT patients with available samples: 64 ABMR, 27 iMVI, and 66 

113 control cases. Blood samples were collected contemporaneously with the allograft biopsy ( 67 

1.2 [0.4 – 2.7] months). Second, the immunohistochemistry analysis was performed in a cohort of 68 

51 patients that fulfilled the following criteria: 1) iMVI group: histological features of MVI without 69 

historical or current circulating HLA antibodies nor C4d deposition, and without concomitant 70 

borderline/T-cell mediated rejection (TCMR) changes or glomerulonephritis; 2) ABMR group: 71 

histological features of MVI with circulating HLA-DSA  C4d deposition, and without concomitant 72 

borderline/TCMR changes or glomerulonephritis, and 3) Normal group: normal histology or mild 73 

IFTA without historical or current circulating HLA antibodies. Thirty-four out of the 51 patients 74 

had both PBL immunophenotyping and immunohistochemistry studies, while 17 patients had only 75 

immunohistochemistry. Histological lesions were evaluated and blindly scored by an expert 76 

pathologist according to the most recent Banff classification.12 Cases of active ABMR not fulfilling 77 

the MVI score and cases of non-active chronic ABMR were excluded to avoid bias. After the 78 

diagnostic process, residual formalin-fixed and paraffin-embedded (FFPE) material was included 79 

for further immunohistochemical analysis.  80 
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Demographical, clinicopathological, and immunological data were collected until graft loss, death, 81 

or June/2021. Treatment after ABMR histology diagnosis was indicated in clinically significant 82 

ABMR or iMVI cases. Subclinical and chronic ABMR / iMVI cases received no specific 83 

immunosuppression treatment.  84 

The Parc de Salut Mar Ethical Research Board (2020/9117/I) approved the study, and all patients 85 

gave written informed consent. Clinical and research activities being reported herein are consistent 86 

with the Principles of Istanbul and Helsinki Declarations.  The study was conducted according to 87 

the the STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) 88 

guidelines.35 89 

 90 

Peripheral blood lymphocyte immunophenotypic analysis 91 

Blood samples were obtained by venous puncture in EDTA tubes concurrently to renal allograft 92 

biopsies. Prospective immunophenotyping of fresh samples was performed by flow cytometry. 93 

Briefly, samples were pretreated with saturating concentrations of human aggregated 94 

immunoglobulins to block FcγR and then labeled with different antibody combinations, as 95 

previously described.36,37 Samples were acquired with a FACSCanto II flow cytometer, and data 96 

were analyzed by FACSDiva v.7 and FlowJo v.10 software (BD Biosciences™, NJ, USA). T cells 97 

were characterized as CD3+ cells, and CD4+, CD8+, T regulatory (CD25hi CD127neg/lo), and γδ+ cell 98 

subsets were identified. B cells were characterized as CD19+ cells, and naïve and memory B cell 99 

subsets were analyzed considering IgD and CD27 expression.38 NK cells were defined as CD3-100 

CD56+ cells, and CD56bright/dim, and NKG2A subsets were evaluated. Absolute cell numbers were 101 

calculated from parallel blood counts. 102 

 103 

Immunohistochemical assessment 104 
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Three μm-thick sections were cut from one core FFPE tissue of a 16-gauge needle biopsy and 105 

stained using antibodies against CD3 (clone 2GV6, Roche, Switzerland), CD4 (clone SP35, Roche, 106 

Switzerland), CD8 (clone SP57, Roche Switzerland), CD20 (clone L26, Roche, Switzerland), CD68 107 

(clone PGM1, Diagnostic Biosystems, Pleasanton, CA), CD56 (clone MRQ42, Roche, 108 

Switzerland), CD138 (clone B-A38, Roche, Switzerland) and TIA1 (2G9A10F5, Vitro Máster 109 

Diagnóstica, Granada, Spain). Here, TIA1 marker was used as a surrogate marker of cytotoxic T 110 

and NK cell granules.39,40 Immunostains were automatically performed with a Benchmark XT 111 

(Roche, Switzerland) and revealed with DAB Optiview Kit (clone B-A38, Roche, Switzerland). 112 

Stained inflammatory cells were quantitatively assessed by two pathologists blinded for clinical 113 

background under light microscopy in the glomerular capillaries, peritubular capillaries, and 114 

interstitial compartment, especially when forming aggregates in scarred areas. A standardized 115 

evaluation of the cell count in renal parenchyma was conducted according to renal compartments. 116 

In glomerular capillaries, cell count was standardized by dividing the number of cells by the total 117 

glomeruli. In peritubular capillaries and renal interstitial compartments, cell count was standardized 118 

by dividing the number of cells by the length of the sample in millimeters. 119 

 120 

CD16A (FCGR3A) 158 V/F genotyping 121 

DNA from KT recipients of the immunohistochemical cohorts was isolated from total blood samples 122 

using the PureGene Blood Core Kit B (Qiagen). Functional polymorphisms of CD16A 158 V/F 123 

(FcRIIIA) were determined using a PCR with confronting two-pair primers as previously 124 

described.41 125 

 126 

Statistical analysis 127 

According to their distribution, continuous data are presented as mean ± standard deviation (SD) or 128 

median and interquartile range (IQR). Categorical data are expressed as percentages. Comparison 129 
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of continuous variables between two or more groups was performed by t-test or ANOVA for 130 

parametric data and Mann-Whitney U-test or Kruskal-Wallis test for non-parametric distributions. 131 

Chi2 or Fisher’s exact tests, where appropriate, were used to compare nominal variables. Heatmap 132 

of Polyserial correlation was used to characterize inter-variable relationships. Survival analyses 133 

were performed using the Kaplan-Meier method using the log-rank test. Statistical analysis was 134 

performed using SPSS Inc. statistics software v.28.0 and R v.4.0.5. A p-value <0.05 was 135 

considered statistically significant. For data presentation, we used GraphPad Prism software v.9.1.1.  136 
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RESULTS 137 

Clinicopathologic description and graft survival 138 

Patients’ characteristics are shown in Tables 1 and 2. ABMR conferred the worst 5-year death-139 

censored graft survival after biopsy among groups (ABMR: 63% vs. iMVI: 77% vs. Normal: 93%; 140 

p<0.001) (Figure S1).  141 

 142 

Peripheral blood lymphocyte subset distribution 143 

Table S1 summarizes PBL distribution data. The iMVI group presented lower total lymphocyte 144 

counts than Normal group (1662828 vs. 2155823 cells/μl) and ABMR group (vs. 2086882 145 

cells/μl). 146 

iMVI diagnosis associates with lower counts of peripheral blood T cells 147 

ABMR cases presented with a higher percentage of T cells (79.49.4%) compared with both iMVI 148 

and Normal groups (75.210% and 76.510%) (Figure 1A). Regarding total absolute counts, iMVI 149 

cases showed lower number of T cells than ABMR or Normal cases (1273702 vs. 1675746 or 150 

1659689 cells/μl, Figure 1B), parallel to lower total lymphocyte counts. We did not observe 151 

significant differences in the percentages of T CD4+ and CD8+ (Figure 1C, E). iMVI cases showed 152 

a significantly lower number of CD4+ T cells compared with Normal cases (687512 vs. 891418 153 

cells/μl) and of CD8+ T cells compared with ABMR cases (532251 vs. 739403 cells/μl) (Figure 154 

1D, F). No significant differences were observed in the ratio of CD4+/CD8+ T cells or T regulatory 155 

cells. We detected lower γδ+ T cell numbers in iMVI vs. ABMR cases (Figure S2A-B). 156 

Peripheral blood B cells distribution is similar between ABMR, iMVI, and Normal cases  157 

The proportion and the absolute number of total B cells, naïve, and memory B cells were comparable 158 

between groups (Figure S3A-F).  159 

ABMR and iMVI diagnoses relate to decreased circulating NK cells 160 
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ABMR cases presented lower percentages of circulating NK cells than Normal cases (10.17.7% 161 

vs. 13.17.7%) (Figure 2A). The absolute number of circulating NK cells appeared reduced in both 162 

ABMR and iMVI cases compared to controls (198156 and 201155 vs. Normal 283203 cells/μl) 163 

(Figure 2B). We found a higher percentage of NKG2A+ NK cells restricted to ABMR cases 164 

compared with Normal biopsies (51.320% vs. 44.417.7%) (Figure 2C, E). NKG2A+ NK absolute 165 

cell numbers were lower in both iMVI and ABMR compared to Normal biopsies (iMVI 6547 and 166 

ABMR 9898 vs. Normal: 11793 cells/μl) (Figure 2D). However, only ABMR patients presented 167 

lower numbers of NKG2A- NK cells compared to the Normal group (10095 vs. 166144 cells/μl) 168 

(Figure 2F). Both ABMR and iMVI groups showed decreased numbers of circulating CD56dim NK 169 

cells compared with Normal cases (ABMR: 190155 and iMVI: 188158 cells/μl vs. Normal: 170 

269201 cells/μl), but similar numbers of the CD56bright subset (Figure S4A-D). 171 

 172 

Immunohistochemical assessment in KT biopsies 173 

The immunohistochemical assessment was performed in 51 patients, including 22 ABMR, 13 iMVI, 174 

and 16 Normal biopsies (Figure S5A-H). Baseline and clinicopathological characteristics are 175 

summarized in Tables S2 and S3. 176 

Glomerular compartment 177 

ABMR and iMVI patients showed more CD3+ cell infiltration in the glomerular compartment than 178 

the Normal group (4.6±4.6 and 6.5±6.2 vs. 1.1±0.9 cells/glomerulus, respectively, Figure 3A). This 179 

increase was on account of both CD4+ and CD8+ cells in iMVI patients and predominantly due to 180 

CD4+ infiltrates in the ABMR group (Figure 3B-C). There were no CD20+ cell infiltration 181 

differences between groups (Figure 3D). Patients with ABMR and iMVI had more intense CD68+ 182 

infiltration than the Normal group (4.5±3.5 and 3.5±2.8 vs. 1.0±1.2 cells/glomerulus, Figure 3E). 183 

Otherwise, CD56+ cell infiltration was similar (Figure 3F). We next investigated the presence of 184 
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cytotoxic cells in the glomerular compartment using the TIA1 marker, expressed in both CD8+ T 185 

lymphocytes and NK cells.42 iMVI patients displayed a significant increase of TIA1+ lymphocytes 186 

compared with the Normal group, in line with T lymphocyte infiltration. Moreover, a non-187 

significant increase in TIA1+ cells was also perceived in iMVI compared to ABMR (Figure 3G). 188 

Peritubular capillary compartment 189 

Peritubular capillaries displayed more CD3+ cells in ABMR and iMVI groups (19.6±8.9 and 190 

23.3±11.1 vs. 9.9±6.1 cells in ptc/mm2 of tissue, Figure 4A), as well as more CD4+ and CD8+ cells 191 

compared to the Normal group (Figure 4B-C). B cell distribution (CD20+ cells) appeared similar 192 

between the three groups (Figure 4D). More CD68+ cells (ABMR: 12.8±9.9 and iMVI: 9.5±7.2 vs. 193 

Normal: 3.2±3.7 cells in ptc/mm2 of tissue) and CD56+ cells (ABMR: 1.7±1.5 and iMVI: 1.7±1.7 194 

vs. Normal: 0.2 ± 0.3 cells in ptc/mm2 of tissue) were observed in ABMR and iMVI patients (Figure 195 

4E-F). Increased TIA1+ cells were observed in ABMR and iMVI compared to the Normal group, 196 

in line with increased CD3+ and CD56+ cells (Figure 4G). Moreover, more plasma cells (CD138+) 197 

were observed in ABMR patients compared to iMVI and Normal groups (ABMR: 1.0±1.6 vs. iMVI: 198 

0.3±0.5 and Normal: 0.2±0.2 cells in ptc/mm2 of tissue, Figure 4H). 199 

Cortical interstitial compartment (interstitial aggregates) 200 

We observed no significant differences between groups regarding CD3+, CD20+, CD68+, CD56+ 201 

and TIA1+ infiltration in interstitial aggregates (Figure 5A-G). However, the interstitial 202 

compartment displayed a significantly greater plasma cell infiltration in ABMR than iMVI patients 203 

(1.9±1.9 vs.  0.7±1.3 cells /mm2 of tissue, Figure 5H). 204 

 205 

Since post-transplant time to allograft biopsy differed between ABMR and iMVI groups (Table S2), 206 

we performed a regression analysis studying the impact of this variable on cell infiltrates in the 207 

different renal compartments. Of note, time after KT showed no impact on the number of CD8+ and 208 

TIA1+ cells in the glomeruli (adjusted R-squared: -0.014 and -0.022, respectively) or CD138+ in 209 
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peritubular capillaries and interstitial aggregates (adjusted R-squared: 0.016 and -0.009, 210 

respectively) in our limited cohort. 211 

 212 

Leukocyte infiltration distribution and FcRIIIA 158 F/V polymorphisms 213 

Analysis of the relation between FcRIIIA 158 F/V polymorphism and leukocyte infiltration 214 

revealed that in cases with ABMR-histology, the 158-V-carrier genotype was associated with 215 

increased glomerular CD3+ (6.3±6.1 vs. 3.4±1.8, p=0.051) and CD8+ cell infiltration (3.9±4.9 vs. 216 

1.7±1.2, p=0.050), compared to recipients with the 158-F/F-genotype (Table S4). 217 

 218 

Topographical leukocyte infiltration and histologic features 219 

In the heatmap of Polyserial correlation between topographical standardized leukocyte infiltration 220 

and the severity of histologic lesions, CD3+, CD4+, CD8+, and CD56+ cells were strongly associated 221 

with the severity of glomerulitis and peritubular capillaritis in iMVI cases, whereas CD68+ infiltrates 222 

were only associated with the severity of glomerulitis (Figure 6). The ABMR group showed a 223 

correlation between glomerular leukocyte infiltrates and glomerulitis intensity. Contrariwise, any 224 

specific leukocyte subset infiltrates within the ptc in ABMR showed a strong correlation with the 225 

severity of ptc. Glomerular leukocyte infiltration was inversely correlated with chronic changes such 226 

as IFTA or transplant glomerulopathy in the iMVI group, while IFTA was increased in ABMR cases 227 

with glomerular leukocyte infiltration.  228 
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DISCUSSION 229 

MVI histology without evidence of circulating HLA-DSA and without endothelial C4d deposition 230 

has become an orphan category in recent Banff classifications. We aimed to better understand the 231 

topographical immune cell infiltration in iMVI and ABMR cases. We demonstrated major leukocyte 232 

infiltrate alterations in biopsy specimens with iMVI, showing intense T cell and NK cell cytotoxic 233 

phenotypes, like ABMR. Interestingly, CD8+ T cells appear to be the predominant cytotoxic cells 234 

involved in glomerular infiltration in iMVI. Besides, the lack of plasma cell infiltration in iMVI 235 

supports a distinct pathophysiological damage mechanism. Complementarily, peripheral blood 236 

immune cell distribution displayed decreased global T and NK cell counts in iMVI cases, potentially 237 

resulting from increased binding of immune cells in the graft endothelium. 238 

Updates to the Banff classification have attempted to better categorize the phenotypic expressions 239 

of ABMR over time.8,10,12,13,43 With C4d deposition as a surrogate for DSA, the sABMR category 240 

was removed in the Banff 2017 revision, and MVI lesions without DSA or C4d deposition were no 241 

longer included in category 2.12 Recent data assessing the impact and risk stratification of the 242 

proposed changes point that a binary classification system inadequately represents the clinical and 243 

histological heterogeneity of ABMR.34,44 Indeed, iMVI lesions have shown an intermediate 244 

prognosis compared with ABMR cases and non-ABMR histology,15,44–46 similar to what we 245 

observed in the present study. 246 

Increased recognition of serological and histological ABMR heterogeneity has led researchers to 247 

seek new diagnostic and prognostic biomarkers. Several groups have investigated the association 248 

between PBL subpopulations and KT outcomes, particularly ABMR or HLA-DSA development. 249 

On that account, patients with chronic ABMR have shown increased numbers of circulating CD8+ 250 

CD28- T lymphocytes compared with cases of graft tolerance.47 Furthermore, Louis et al. recently 251 

identified highly coordinated circulating T follicular helper cells and activated B cells among 252 

patients with ABMR, in contrast with patients who did not develop HLA-DSAs or ABMR.48 When 253 
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comparing ABMR-histology with and without HLA-DSA and C4d deposition, we observed a 254 

selective depletion of peripheral CD8+ T lymphocytes in the iMVI group compared to full-ABMR 255 

diagnosis and reduced circulating CD4+ T lymphocytes and NK cells compared to normal cases. 256 

The depletion of circulating immune cell populations in patients with iMVI may be attributed to the 257 

increased binding of immune cells to the allograft endothelium.49 This correlates with the greater T 258 

cell infiltration observed in the tissue in iMVI cases compared with the normal group, despite similar 259 

infiltration in ABMR.  260 

Concerning circulating NK cells, we previously reported an association between HLA-DSA and 261 

higher proportions of CD56bright and CD56dim NKG2A+ subsets, together with a lower percentage of 262 

CD56dim NK cells, especially in HLA-DSA recipients with ABMR.50 Similarly, Neudoerfl et al. 263 

reported reduced numbers of CD56dim NK subset in HLA-DSA patients compared with cases 264 

without HLA antibodies.51 Our data now show an increased proportion of circulating NKG2A+ NK 265 

cells in ABMR compared to normal cases, encompassed by a reduction in the proportion of NKG2A- 266 

NK cells. NKG2A+ NK cell numbers appeared reduced in both ABMR and iMVI groups, consistent 267 

with a lower absolute number of CD56dim NK cells. Interestingly, NKG2A- NK cell numbers were 268 

diminished only in ABMR cases, suggesting a selective depletion of this NK cell subset. While 269 

several hypotheses have been proposed concerning the etiopathology of iMVI cases,34 the limited 270 

impact of MVI-damage on NK cell subsets distribution, compared with the remarkable impact of 271 

ABMR, favors the hypothesis of a CD16A-independent NK cell “missing self-activation” 272 

mechanism in the former group.31–33,45 As this mechanism would involve only alloreactive NK cell 273 

subsets governed by inhibitory KIR mismatched with graft HLA class I molecules, a potential 274 

impact on the total circulating NK cell compartment distribution would be minimized.  275 

Assessing allograft inflammatory infiltrates provides a more precise diagnosis and pathophysiologic 276 

approach than conventional histology alone. Most transcriptomic studies of ABMR biopsies have 277 

reported an immune cell infiltrate scenario hallmarked by CD8+ T cells, monocytes/macrophages, 278 
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and NK cells.45,52–54 This immune cell landscape is consistent with our findings from the 279 

immunohistochemical analysis. Despite the attractiveness of molecular markers due to their high 280 

reproducibility,55 alternative approaches such as immunostaining or multiplex immunofluorescent 281 

staining reveal the association between leukocyte populations and their intragraft location, adding 282 

more pieces to the puzzle.45,56 Indeed, others have studied inflammatory infiltrate components over 283 

time or their relationship with outcomes,7,57  which may be crucial for future targeted therapies. Our 284 

study identified an intense expression of the T and NK cell cytotoxic marker TIA-1 in iMVI cases, 285 

like in ABMR. Of interest, albeit ABMR and iMVI groups displayed a heightened T cell component 286 

into the microvascular compartments compared to controls, iMVI reflected a more pronounced 287 

CD8+ and TIA1+ glomeruli infiltration tendency than ABMR, which may correlate with the 288 

decreased peripheral blood T cells. Consistently, Sablik et al. also found a predominance of T cell 289 

infiltrates (particularly CD8+) in the glomeruli.58 These findings highlight the role of T cells in the 290 

pathophysiology of MVI lesions, irrespective of HLA-DSA status, which should be further 291 

characterized. Additionally, ptc displayed more CD56+ cells in ABMR and iMVI cases than 292 

controls, contrarily to the glomeruli. Remarkably, CD56+ infiltration was only associated with the 293 

severity of peritubular capillaritis in iMVI cases. Contrariwise, others have described a strong 294 

correlation between NK cells and the severity of all microcirculation components in patients with 295 

MVI irrespective of HLA-DSA status.45,56 Moreover, Callemeyn et al. found similar upregulation 296 

of pathways and enrichment of infiltrating leucocytes in patients with ABMR histology with and 297 

without HLA-DSA.45 Anyhow, the authors defined MVI as g+ptc≥1, and C4d+ cases were also part 298 

of the ABMR-histology HLA-DSA- diagnosis, so these results cannot be directly compared with 299 

ours. Due to the heterogeneity of NK cell subsets, phenotypic markers of NK cells should be further 300 

evaluated in renal tissue. In fact, Jung et al. identified CD56+CD57+ infiltrates as the most frequently 301 

subset observed in ABMR compared to TCMR.24 This phenotype is associated with the terminal 302 

differentiation of cells that display potent effector functions.24,59  303 



 19 

The fact that T cells and macrophages predominate in glomerulitis and NK cells in ptc damage may 304 

be of relevance to look for targeted drugs. More importantly, our data suggest that the lack of plasma 305 

cell tissue infiltration in iMVI cases compared to ABMR, together with the absence of HLA-DSA 306 

and complement activation, could imply a distinct pathophysiological damage mechanism, possibly 307 

antibody-independent (Figure 7). Although plasma cell infiltration has been correlated with time 308 

after transplantation in previous studies,60 our regression analysis ruled out this effect in our cohort. 309 

In line with this assumption, other groups have demonstrated that NK cell activation through 310 

missing self was an antibody-independent stimulus for microvascular inflammation.31–33,45 311 

Regarding the FcRIIIA 158 F/V polymorphism data, our KT recipients with ABMR-histology and 312 

at least one valine allele displayed higher CD3+, CD8+, and CD56+ infiltration than those without 313 

valine, which merits further assessment. Considering that most T-cells do not express CD16, these 314 

results could mirror an increased number of γδ+ T cells (which do express CD16) infiltrating in 315 

ABMR-histology cases.61,62 In fact, we observed a significant reduction of peripheral blood γδ+ T 316 

cells in iMVI cases. We cannot exclude the possibility that ABMR-damage may imply a significant 317 

increase of CD8+ T cells expressing CD16, which has been observed in other pathological 318 

situations.63 319 

This study has several limitations. First, we did not assess non-HLA antibodies or transcriptomic 320 

analysis in our cohort. Nonetheless, although some studies have found that the screening for 321 

circulating functional non-HLA antibodies may be clinically relevant (i.e., anti-AT1R antibodies)64, 322 

our previously reported experience shows that most ABMR cases without HLA-DSA do not present 323 

the most classical non-HLA antibodies.18 Second, the strict selection criteria of eligible KT 324 

recipients applied for the immunohistochemistry study limited the cohort size and disallowed 325 

performing paired-sample analysis according to post-transplant time. Third, colocalization studies 326 

in kidney tissue, i.e., TIA1+, CD8+, and NK, have not been performed. Fourth, the number of 327 

markers assessed by flow cytometry in peripheral blood was limited as the main objective was to 328 
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correlate these results with the topographical immune cell infiltration. Finally, further validation 329 

with external datasets will be necessary to support our findings.  330 

In summary, our data demonstrate that KT recipients with MVI histology in the absence of HLA-331 

DSA and C4d endothelial deposition display decreased circulating T cell and NK cells together with 332 

T and NK cell infiltration in the allograft, similar to ABMR. We found a distinct glomerular 333 

infiltration of cytotoxic CD8 T cells in iMVI. Besides, the scarce plasma cell infiltration in this 334 

group suggests a different underlying mechanism of damage compared to full-ABMR. 335 

Understanding the pathophysiological pathways of ABMR-histology with different phenotypic 336 

expressions may lead the transplant community to reconsider diagnostic stratification and more 337 

targeted treatments to improve long-term KT outcomes.   338 
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Table 1. Demographic and clinicopathological characteristics of the study population. 569 

 Normal 

(n=116) 

ABMR 

(n=73) 

iMVI 

(n=32) 

p-value 

3 groups 

p-value 

ABMR vs. iMVI 

At transplantation 

Recipient age, years, mean ± SD 53 ± 13 49 ± 15 57 ± 14 0.019 0.012 

Recipient sex female, n (%) 44 (37.9) 29 (39.7) 18 (56.3) 0.170 0.139 

Type of donor (deceased), n (%) 95 (81.9) 70 (95.9) 24 (75) 0.003 0.003 

Donor age, years, mean ± SD 55 ± 16 48 ± 19 58 ± 13 0.003 0.002 

Retransplantation, n (%) 13 (11.2) 15 (20.5) 1 (3.1) 0.043 0.035 

Pretransplant HLA-DSA, n (%) (n=206) 11 (9.6) 22 (34.9) 2 (6.9) <0.001 0.004 

HLA-A/B/DR mismatch, mean (SD) 4 ± 1.2 4.4 ± 1.2 4.1 ± 1.5 0.275 0.588 

CMV status, n (%)      

       D-/R- 7 (6) 3 (4.2) 0 (0) 

0.747 0.459 
       D-/R+ 12 (10.3) 9 (12.7) 3 (9.4) 

       D+/R- 10 (8.6) 8 (11.3) 2 (6.3) 

       D+/R+ 87 (75) 51 (71.8) 27 (84.4) 

Thymoglobulin induction, n (%) 13 (11.2) 23 (31.5) 7 (21.9) 0.001 0.307 

Calcineurin inhibitors, n (%) 116 (100) 73 (100) 32 (100) 1.000 1.000 

Mycophenolic acid, n (%) 105 (90.5) 57 (78.1) 22 (68.8) 0.005 0.333 

mTOR inhibitors, n (%) 10 (8.6) 13 (17.8) 10 (31.3) 0.005 0.199 

Clinical characteristics and graft function at biopsy  

Surveillance biopsy, n (%) 98 (84.5) 41 (56.2) 22 (68.8) <0.001 0.281 

Biopsy time after KT, months, median [IQR] 
13.8  

[12-17] 

23.9  

[13-83] 

14.3  

[12-37] 
<0.001 0.032 

HLA-DSA, n (%) 11 (9.6) 63 (86.3)* 0 (0) <0.001 <0.001 

Serum creatinine, mg/dl, mean ± SD 1.5 ± 0.6 1.9 ± 0.9 1.9 ± 1.0 <0.001 0.696 

Estimated GFR, ml/min, mean ± SD 55.7 ± 22.8 44.1 ± 21.4 42.4 ± 23.4 <0.001 0.710 

Urine protein/creatinine ratio, mg/g, median [IQR] 
135.0 

[90-244] 

308.3 

[158-1003] 

458.1 

[104-1023] 
<0.001 0.838 

Preceding CMV infection or disease, n (%) 33 (28.4) 19 (26.4) 10 (31.3) 0.875 0.610 

Preceding BKV infection or disease, n (%) 12 (10.4) 3 (4.2) 2 (6.5) 0.285 0.621 

Immunosuppressive treatment at biopsy  

Prednisone, n (%) 112 (96.6) 58 (79.5) 30 (93.8) <0.001 0.086 

Calcineurin inhibitors, n (%) 113 (97.4) 63 (86.3) 30 (93.8) 0.009 0.337 

Mycophenolic acid, n (%) 94 (81.0) 55 (75.3) 21 (65.6) 0.171 0.347 

mTOR inhibitors, n (%) 16 (13.8) 20 (27.4) 11 (34.4) 0.012 0.493 

Treatment after ABMRh diagnosis 

Corticosteroids, n (%) n.a. 7 (9.6) 4 (12.5) n.a. 0.732 

Intravenous Ig, n (%) n.a. 8 (11.1) 0 (0) n.a. 0.056 

Plasmapheresis, n (%) n.a. 4 (5.5) 0 (0) n.a. 0.311 

Rituximab, n (%) n.a. 5 (6.9) 0 (0) n.a. 0.320 

Anti-thymocyte globulin, n (%) n.a. 1 (1.4) 2 (6.7) n.a. 0.203 

Clazakizumab, n (%) n.a. 1 (1.4) 0 (0) n.a. 1.000 

Optimization of immunosuppression, n (%) n.a. 35 (48.0) 7 (21.9) n.a. 0.017 

End of follow-up  

5-year mortality after biopsy, n (%) 10 (8.6) 8 (11.0) 5 (15.6) 0.133 0.400 

5-year death-censored graft loss after biopsy, n (%) 6 (5.2) 22 (30.1) 5 (15.6) <0.001 0.162 

Time from biopsy to end of follow-up, months, 

median [IQR] 

59.7  

[44-80] 

34.6  

[19-72] 
36.8 [20-55] <0.001 0.679 

Time from KT to end of follow-up, months, median 

[IQR] 

76.5 [60.9 – 

92.5] 

82.3 [46.8 – 

163.9] 

64.4  

[35.7 – 

88.7] 

0.047 0.051 

*ABMR cases without evidence of circulating HLA-DSA had linear C4d staining in peritubular capillaries 570 

or medullary vasa recta according to Banff 2019 criteria. 571 
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ABMR: antibody-mediated rejection; ABMRh: antibody-mediated rejection histology:  BKV: Polyomavirus 572 

or BK virus; CMV: cytomegalovirus; D: donor; GFR: glomerular filtration rate; HLA: human leukocyte 573 

antigen; HLA-DSA: HLA donor-specific antibodies; iMVI: isolated microvascular inflammation; IQR: 574 

interquartile range; KT: kidney transplantation; R: recipient; SD: standard deviation.  575 
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Table 2. Comparison of histological features between groups. 576 

 577 

 Normal 

(n=116) 

ABMR 

(n=73) 

iMVI 

(n=32) 

p-value 

3 groups 

p-value 

ABMR vs. 

iMVI 

Percentage of glomerulosclerosis (n, 

%) 
9.5 (12.7) 15.2 (16.3) 14.4 (18.1) 0.025 0.830 

g, mean ± SD .08 ± .27 1.33 ± .97 1.84 ± .77 <0.000 0.009 

g ≥1, n (%) 9 (7.8) 55 (75.3) 30 (93.8) <0.001 0.031 

ptc, mean ± SD .16 ± .36 1.03 ± .73 .94 ± .84 <0.000 0.484 

ptc ≥1, n (%) 18 (15.5) 55 (75.3) 21 (65.6) <0.001 0.347 

g ≥2 with ptc 0-1, n (%) 0 (0) 12 (52.2) 8 (66.7) <0.001 0.489 

ptc ≥2 with g 0-1, n (%) 0 (0) 1 (4.4) 2 (16.7) 0.230 0.266 

MVI score, mean ± SD .23 ± .42 2.34 ± 1.36 2.78 ± 1.07 <0.000 0.260 

MVI (g + ptc ≥2), n (%) 0 (0) 57 (78.1) 32 (100) <0.001 0.002 

C4d, mean ± SD .05 ± .32 1.08 ± 1.20 .13 ± .34 <0.001 <0.001 

C4d ≥2, n (%) 1 (0.9) # 28 (38.4) 0 (0) <0.001 <0.001 

cg, mean ± SD 0 .61 ± .74 .56 ± .76 <0.001 0.699 

cg, n (%) 0 (0) 33 (45.2) 13 (40.6) <0.001 0.673 

v, mean ± SD 0 .05 ± .21 .13 ± .55 0.050 0.711 

v ≥1, n (%) 0 (0) 3 (4.6) 2 (6.3) 0.023 1.000 

i, mean ± SD .04 ± .20 .15 ± .40 .13 ± .55 0.055 0.288 

i ≥1, n (%) 5 (4.3) 10 (13.7) 2 (6.3) 0.056 0.335 

t, mean ± SD 0 .14 ± .38 .13 ± .55 <0.001 0.380 

t ≥1, n (%) 0 (0) 9 (12.3) 2 (6.3) <0.001 0.497 

Concomitant borderline/TCMR 

changes*, n (%) 
0 (0) 5 (6.8) 2 (6.3) 0.006 0.638 

ci, mean ± SD .93 ± .59 1.33 ± .67 1.5 ± .76 <0.001 0.225 

ci ≥1, n (%) 92 (80.7) 69 (94.5) 30 (93.8) 0.011 1.000 

ct, mean ± SD .92 ± .55 1.25 ± .66 1.5 ± .80 <0.001 0.117 

ct ≥1, n (%) 93 (80.2) 67 (91.8) 30 (93.8) 0.063 1.000 

cv, mean ± SD .76 ± .82  1.06 ± .95 1.39 ± .84 0.001 0.097 

cv ≥1, n (%) 57 (52.8) 41 (63.1) 25 (80.6) 0.017 0.102 

ah, mean ± SD .37 ± .61 .96 ± 1.09 .74 ± .93 0.001 0.383 

ah ≥1, n (%) 35 (30.2) 35 (47.9) 13 (40.6) 0.034 0.667 

mm, mean ± SD .02 ± .13 .19 ± .49 .29 ± .53 <0.001 0.264 

mm ≥1, n (%) 2 (1.7) 12 (16.4) 8 (25.0) <0.001 0.286 

 578 
* Defined according to Banff 2019 criteria. All cases with concomitant borderline/TCMR changes had 579 

glomerulitis ≥1. 580 

# ABO-incompatible kidney transplantation. 581 

 582 

ABMR: antibody-mediated rejection; ah: arteriolar hialinosis; ci: interstitial fibrosis; cg: chronic 583 

glomerulopathy; ct: tubular atrophy; cv: transplant arteriopathy; g: glomerulitis; i: interstitial 584 

inflammation; iMVI: isolated microvascular inflammation; mm: mesangial matrix expansion; MVI: 585 

microvascular inflammation; ptc: peritubular capillaritis; SD: standard deviation; t: tubulitis; TCMR: T-586 

cell mediated rejection; v: endarteritis.   587 
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Figure 1. Peripheral blood T cell distribution: comparison between ABMR, iMVI, and Normal 588 

groups. 589 
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Figure 2. Peripheral blood NK cell distribution: comparison between ABMR, iMVI, and 591 

Normal groups. 592 
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Figure 3. Immunohistochemistry assessment of leukocyte infiltration in the allograft: glomerular compartment. 
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Figure 4. Immunohistochemistry assessment of leukocyte infiltration in the allograft: peritubular capillary compartment. 
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Figure 5. Immunohistochemistry assessment of leukocyte infiltration in the allograft: interstitial compartment (interstitial aggregates). 
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Figure 6. Association between leukocyte infiltration and the severity of histological features 

A. Normal group 

 

 
B. ABMR group  
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C. iMVI group 
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Figure 7. Differential leukocyte infiltration in microvascular compartments from ABMR and 

iMVI lesions. 
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FIGURE LEGENDS 

Figure 1. Peripheral blood T cell distribution: comparison between ABMR, iMVI and, Normal 

groups. 

(A-F) Violin plots show the percentage and absolute numbers of T cells, CD4+ T cells, and CD8+ T 

cells in the peripheral blood. Plots show mean and standard error (SEM) for each study group. 

Mann-Whitney U-test was performed to compare peripheral blood T cell distribution among groups. 

 

Figure 2. Peripheral blood NK cell distribution: comparison between ABMR, iMVI, and 

Normal groups. 

(A-F) Violin plots show the percentage and absolute numbers of NK cells, NKG2A+ cells, and 

NKG2A- cells in the peripheral blood. Plots show mean and standard error (SEM) for each study 

group. Mann-Whitney U-test was performed to compare peripheral blood T cell distribution among 

groups. 

 

Figure 3. Immunohistochemistry assessment of leukocyte subset infiltration in the allograft: 

glomerular compartment. 

(A-G) Box plots display standardized quantification of leukocyte subset infiltration in the glomeruli 

of kidney allografts with Normal histology, ABMR, and iMVI. Density plots are used to visualize 

the distribution of the quantification values. CD3, CD4, CD8, CD20, CD68, CD56, and TIA1 were 

used to quantify T cells, B cells, macrophages, NK cells, and cytotoxic infiltration, respectively. 

Cell count was standardized by dividing the number of cells by the total of glomeruli. Black dots 

represent FcRIIIA 158-V carriers, and grey dots patients with 158-F/F-genotype. Plots show 

median and interquartile range (IQR) for each study group. 
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Figure 4. Immunohistochemistry assessment of leukocyte subset infiltration in the allograft: 

peritubular capillary compartment. 

(A-H) Box plots display standardized quantification of leukocyte subset infiltration in the 

peritubular capillaries of kidney allografts with Normal histology, ABMR, and iMVI. Density plots 

are used to visualize the distribution of the quantification values. CD3, CD4, CD8, CD20, CD68, 

CD56, TIA1, and CD138 were used to quantify T cells, B cells, macrophages, NK cells, cytotoxic 

infiltration, and plasma cells, respectively. Cell count was standardized by dividing the number of 

cells by the length of the sample in mm. Black dots represent FcRIIIA 158-V carriers and grey dots 

158-F/F homozygotes. Plots show median and interquartile range (IQR) for each study group. 

 

Figure 5. Immunohistochemistry assessment of leukocyte subset infiltration in the allograft: 

interstitial compartment (interstitial aggregates). 

(A-H) Box plots display standardized quantification of leukocyte subset infiltration in the interstitial 

aggregates of kidney allografts with Normal histology, ABMR, and iMVI. Density plots are used to 

visualize the distribution of the quantification values. CD3, CD4, CD8, CD20, CD68, CD56, TIA1, 

and CD138 were used to quantify T cells, B cells, macrophages, NK cells, cytotoxic infiltration, and 

plasma cells, respectively. Cell count was standardized by dividing the number of cells by the length 

of the sample in mm. Black dots represent FcRIIIA 158-V carriers and grey dots 158-F/F 

homozygotes. Plots show median and interquartile range (IQR) for each study group. 

 

Figure 6. Association between leukocyte infiltration and the severity of histological features 

(N= 22 ABMR, 13 iMVI, 16 Normal cases). 

Heatmap of Polyserial correlation between the topographical distribution of leukocyte subset 

infiltrates and the severity of histological lesions. A divergent gradient shows correlation intensity 
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where orange indicates a perfect association of ranks, white indicates no association, and blue 

indicates a perfect negative association of ranks. (A) Number of normal cases with complete data: 

10/16 patients. Glomerulitis (g), C4d deposition, endarteritis (v), interstitial inflammation (i), 

tubulitis (t), and mesangial matrix expansion (mm) were not included because all subjects presented 

the same value. Therefore, the estimated variance is 0, and correlation cannot be estimated. Heatmap 

of Polyserial correlation in controls showed a positive correlation between CD3+, CD4+, CD20+ 

and CD56+ and the peritubular capillaritis severity. Moreover, CD3+, CD68+, and CD20+ in ptc 

correlated with the severity of IFTA. (B) Number of ABMR subjects with complete data: 17/22 

patients. C4d deposition, endarteritis (v), and interstitial inflammation (i) were not included because 

all subjects presented the same value. Therefore, the estimated variance is 0, and correlation cannot 

be estimated. Heatmap of Polyserial correlation in ABMR showed a positive correlation between 

all glomerular leukocyte subtypes and the glomerulitis intensity. Contrariwise, any specific 

leukocyte subset infiltrates within ptc showed a strong positive correlation with the severity of ptc. 

(C) Number of iMVI subjects with complete data: 10/13 patients. Endarteritis (v), interstitial 

inflammation (i), and tubulitis (t) were not included because all subjects presented the same value. 

Therefore, the estimated variance is 0, and correlation cannot be estimated. Heatmap of Polyserial 

correlation in iMVI showed a strong correlation between CD3+, CD4+, CD8+ and CD56+ cells and 

the severity of glomerulitis and peritubular capillaritis. However, CD68+ infiltrates were only 

associated with the severity of glomerulitis. Glomerular leukocyte infiltration in this group was 

inversely correlated with IFTA. 

 

Figure 7. Differential leukocyte infiltration in microvascular compartments from ABMR and 

iMVI lesions. 

This figure provides an overview of the major immunohistochemical findings when assessing the 

infiltrating immune cell composition in different microvascular compartments between ABMR and 
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iMVI. (A) Glomeruli of ABMR biopsies showed an immune cell landscape hallmarked by increased 

cytotoxic T cells and monocytes. (B) The inflammation in peritubular capillaries of ABMR biopsies 

predominantly consisted of circulating cytotoxic T cell and NK cells, monocytes, and plasma cells. 

(C) Glomerular infiltrating immune cell distribution in iMVI patients comprised increased cytotoxic 

T cells and monocyte inflammation. D. Leukocyte distribution in peritubular capillaries of iMVI 

biopsies was characterized by increased monocytes and cytotoxic T and NK cells. The absence of 

HLA-DSA and complement activation, together with scarce circulating plasma cells, suggest an 

antibody-independent immune activation in patients with iMVI. 

This illustration was created with BioRender. 

 


