
SUMMARY
Peritubular capillary basement membrane lamination: 

Shows different degrees of severity. 
Occurs in native and transplant kidneys. 
Is common in transplant kidneys. 
Is common in acute or chronic, cellular or antibody mediated rejection. 
Is associated with capillaritis in transplant but not native kidneys. 

CONCLUSIONS
Peritubular capillary basement membrane lamination marks endothelial 
injury and remodeling caused by a variety of insults. It is not disease 
specific. Renal transplantation and protracted inflammation/rejection with 
capillaritis seems to promote capillary injury and basement membrane 
remodeling. Thus, in the right clinical setting - i.e. patient with renal 
allograft and without recurrent diabetes mellitus, arterionephrosclerosis, or 
focal and segmental glomerulosclerosis - marked lamination of peritubular 
capillaries (study group C) can serve as an adjunct marker of “rejection”. 
Peritubular capillary basement membrane lamination does not help to 
distinguish between acute or chronic, cellular or antibody mediated/C4d 
positive rejection induced graft injury. 

INTRODUCTION

With the incorporation of C4d studies into the evaluation of renal 

allograft biopsies also peritubular capillary basement membrane 

lamination/multilayering (PTCL) has attracted increasing interest 

as a potential marker of chronic, possibly antibody mediated, 

kidney transplant rejection. However, since only relatively little is 

known about PTCL in native kidneys, the overall diagnostic 

significance of the finding in transplants remains undetermined. 

In this pilot study we correlated the incidence of PTCL in 227 

native and 37 transplant biopsies in one of the largest cohorts of 

kidney biopsies ever presented. 

DESIGN  

264 renal biopsies/patients were analyzed (227 native kidney 

biopsies; 37 transplants; 60% males; 49% Caucasians; 36% 

African Americans; 3% Hispanics; 12% other races; mean 

age 47.5 years, range 2-88).  

Multilamination of peritubular capillaries was evaluated by 

electron microscopy in 3 representative cortical capillaries 

per case. 

Scoring of peritubular capillary basement membrane 

changes: 

Group A, Mild PTCL: ≤ 3 basement membrane layers 

involving less than 50% of a capillary circumference found 

in one or more capillaries and/or ≤ 3 basement membrane 

layers involving more than  50% of a capillary 

circumference  found in one capillary (FIG. 1).  

Group B, Moderate PTCL: ≥ 4 basement membrane 

layers involving less than 50% of PTC circumference 

found in one or more capillaries and/or ≤ 3 basement 

membrane layers involving more than 50% of a capillary 

circumference, found in two or three capillaries (FIG. 2).         

Group C, Marked PTCL: ≥ 4 basement membrane layers 

involving more than 50% of PTC circumference found in 

one or more capillaries (FIG. 3A and 3B). 

 

Groups A-C were correlated with histologic 

findings/diagnoses (including capillaritis, acute and/or 

chronic vascular rejection, transplant glomerulopathy) and 

C4d staining status.  

RESULTS

Marked capillary basement membrane abnormalities (PTCL 
group C) were found in 37/227 (16%) native kidneys 
(arterionephrosclerosis 16%, FSGS 17%, 
glomerulonephritides 15%, diabetes mellitus 32%) and 16/37 
(43%) transplant biopsies (acute rejection-cellular and/or C4d 
positive 66%, calcineurin inhibitor toxicity 40%, other 
lesions 12%; P<0.001).  
16/37 (43%) transplant biopsies showed peritubular 
capillaritis (scores 2 or 3) versus 32/227 (14%) native 
kidneys (P<0.001). Marked PTCL was associated with 
capillaritis in 12/16 (75%) transplant and 7/32% (19%) native 
biopsies (P <0.001).
Among 37 transplant biopsies, 19% had transplant 
glomerulopathy, 19% acute and/or chronic vascular rejection, 
and 14% were C4d positive. Marked PTCL group C was 
found in 5/5 (100%) of C4d positive cases, 5/7 (72%) cases 
with glomerulopathy, and 5/7 (72%) with acute or chronic 
vascular rejection (all P <0.05). Cases of acute cellular 
tubulointerstitial and/or vascular rejection (C4d negative; 
n=10) had marked PTCL group C in 60% of biopsies. 
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Figure 1: Normal Peritubular Capillary   Figure 2:  PTCL Group B 
Segmental Laminations > 4

  Figure 3A: PTCL Group C
Circumferential Laminations

       Figure 3B:  PTCL Group C
Pronounced Circumferential Laminations

Peritubular  capillaritis was scored according to the 

definitions published in the Banff 2007 meeting report. 

Peritubular capillaritis scored:

Peritubular capillaritis 0: 0–2 intraluminal inflammatory 

cells  

Peritubular capillaritis 1: 3–4 intraluminal inflammatory 

cells  

Peritubular capillaritis 2: 5–10 luminal inflammatory 

cells   

Peritubular capillaritis 3: >10 luminal inflammatory 

cells   

     

The chi square test was used for comparative analyses between 

groups. 

 

TABLE 1
DEGREE OF CAPILLARY  LAMINATIONS 

PTCL 

GROUP A

PTCL

GROUP B

PTCL 

GROUP C
NATIVE                 n=227
KIDNEYS

151/227      66% 39/227      17% 37/227   16% 

TRANSPLANT      n=37 
KIDNEYS

14/37         38% 7/37          19% 16/37     43% 

p<0.001
TABLE 2
CAPILLARY LAMINATIONS AND CAPILLARITIS 
NATIVE                     n=227
KIDNEYS

PTCL 
GROUP A
n=151

PTCL 
GROUP B
n=39

PTCL 
GROUP C
n=37

CAPILLARITIS         n=195
SCORE 0&1  

136/151  90% 29/39     74% 30/37   81% 

CAPILLARITIS         n=32
SCORE 2&3 

15/151    10%  10/39     26% 7/37     19% 

Difference  n.s
TRANSPLANT          n=37 
KIDNEYS 

PTCL  
GROUP A 
n=14 

PTCL  
GROUP B 
n=7 

PTCL 
GROUP C 
n=16 

CAPILLARITIS         n=21 
SCORE 0&1  

13/14      93% 4/7         57% 4/16     25% 

CAPILLARITIS         n=16 
SCORE 2&3  

1/14         7% 3/7         43% 12/16   75% 

p<0.001 
TABLE 3  
CAPILLARY LAMINATIONS & CAPILLARITIS IN DIAGNOSTIC GROUPS  
NATIVE KIDNEYS: PTCL GROUP C 
DIAGNOSIS    PTCL GROUP C                 n=37   
DIABETIC NEPHROPATHY        n=31 10/31         32% 

(Capillaritis score 2 or 3       0/10)
ARTERIO-                                    n=25
NEPHROSCLEROSIS

4/25           16%       
(Capillaritis score 2 or 3       1/4)

FOCAL SEGMENTAL                 n=28  
GLOMERULOSCLEROSIS             

5/28            17%    
(Capillaritis score 2 or 3       2/5)

IMMUNE COMPLEX                    n=85  
GLOMERULONEPHRITIDES 
(IgA, LUPUS, etc)

13/85          15%    
(Capillaritis score 2 or 3       4/13)

OTHERS (AMYLOIDOSIS etc)   n=58 5/58              9% 
(Capillaritis score 2 or 3       1/5)

TABLE 4  
CAPILLARY LAMINATIONS & CAPILLARITIS IN DIAGNOSTIC GROUPS       
 TRANSPLANT KIDNEYS: PTCL GROUP C 
DIAGNOSIS PTCL GROUP C     n=16
ACUTE REJECTION (all cases)            n=15 
(C4d +) or (C4d-)                               

11/15   66% 
(Capillaritis score 2 or 3     10/11)

C4d POSITIVE REJECTION                   n=5 5/5     100% 
(Capillaritis score 2 or 3      5/5)

BANFF I and II REJECTION (C4d -)      n=10 6/10    60% 
(Capillaritis score 2 or 3      5/6)

ACUTE OR CHRONIC                             n=7      
REJECTION INVOLVING  ARTERIES             

5/7      72% 
(Capillaritis score 2 or 3      5/5)

Tx GLOMERULOPATHY                         n=7 5/7      72% 
(Capillaritis score 2 or 3      5/5)

CALCINEURIN INHIBITOR                      n=5 
TOXICITY WITHOUT REJECTION, (C4d -)     

2/5      40% 
(Capillaritis score 2 or 3      1/2)

OTHERS, NO REJECTION                     n=17 
(ATN etc)                

2/17    12% 
(Capillaritis score 2 or 3      0/2)


