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- TECNICHE ISTOPATOLOGICHE



Processing of tissue

Two Cores

Gross examination

Division of sample

LM — Light microscopy

IF — Immunofluorescence

EM — Electron microscopy

Am J Nephrol. 39(2):153-62, 2014



Processing of tissue

Serra solution

PBS

Glutaraldehyde and sodium
cacodylate buffer




Why Serra solution?
1

0 Formulation of Serra solution N IO s

formaldehyde 2

o formaldehyde 37-40% ml 10
O alcohol 80% ml 90

o glacial acetit acid ml 5




Light microscopy
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Immunofluorescence
N

1 Quick freeze on cryostat chuck

1 Frozen sections cut at 3-4 micron

Clqg
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Lambda

Fibrinogen
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Always perform Electron microscopy!
B

MOST IMPORTANT DIFFERENTIAL DIAGNOSIS (Glomerular diseases)

O HSP vs IgAN (sub-endothelial deposits)

O HSP vs LN (TRl and hematoxylin bodies)

0 HSP vs Post-infectious IgAN (humps)

i LN vs MGN (mesangial /tubular BM, sub-endothelial deposits, TRl and hematoxylin bodies)
1 MCD vs secondary FSGS (extent of FPE)

o 1 FSGS vs Il FSGS (deposits /abnormalities GBM)

0 C3GN, CigN, IgMN (deposits)

o1 Detection of two diseases

o1 Genetic diseases of the GBM /podocyte



Sampling
Adequacy sample is dependent on nature of disease

Sample cortical and medullary

Small samples are adequate for diffuse disease

Large samples are needed for focal disease

If 10% of glomeruli are affected, need 30 glomeruli
to have 95% chance of sampling at least 1 affected
glomerulus

Am J Nephrol. 8(2):85-9, 1988



Reporting check-list
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- RICLASSIFICAZIONE DIAGNOSTICA

Patologia glomerulare



IgA Nephropathy

IgA-

related

GN

IgA 100%
lambda 65%
kappa 35%
IgG 50%
IgM 50%
C3 90%
Clq <10%

fibrinogen  30-70%




IgA Nephropathy - Grading

Definition

Comments Hazard Hazard
Ratio for
50% |

Ratio for

Haas IgA Nephropathy Classification

eGFR or

Definition 5. 10-Year 5-Year 10-Year ESRD Doubling
Renal Renal Renal Renal (corpa) E;;; ()
Survival, Survival, Survival, Survival, e
Adults Adults Children | Children Hmn:;“hm,
Class 1: Minimal No more than 100% >90% 100% 100% Mo Meanof<4 | 06(p<
histologic lesions minimal cells per 0.001)
mesangial e |
Wl“l"m M1 Meanof =4 If > 50% of 23(p= S . e ®
4 cells per glomeruli  0.001) cores indiviaud
without FSGS or mesangial ares  have>3,no
e — features
Class 2: Focal FSGSlesionswith  100%  >90%  100%  100% { formalcoum | v
1 at most minimal EESRal
segmental 2 & Glomerulosclerosis
glomerulosclerosis-like mesanplal ) = o
hypercellularity s1 Present lallp<  18(p< .
et oo | ooom Correlate with outcome
Class 3: Focal <50% glomeruli 90% 60% 100% 90% e
proliferative are hypercellular rpstisilute:y
; s hritis 7 o E0 Absent 14(p=
¢ &/ AT ~ | oy
global), including o ot
mesangial and significant
endoeapillary , tial I T
hypercellularity Fibrosis/Tubular
| and crescents Atrophy
Class 4: Diffuse | >50%glomeruli  60% 20% 85% 60% 0 <25% %cortical  S.6(p< 32(p<
proliferative are hypercellular area 0.001)* (T1  0.001)
(segmental or involvedby  +T2) (T1+T2)
global), including tubular N
mesangial and i § ;. "
endocapillary fibrosis,
hypercellularity whichever is
and crescents i | greater
Class 5: Advanced >40% global 20% 15% - - L ZEA0E
chronic glomerulosclerosis Lr >50%
glomerulonephritis or > 40% tubular Crescents | |
atrophy/loss in Present/absent Not 23(p<
PAS stained significant | 0001) |
sections (trumps
other classes if y: pathology definitions,
present) E
1 gA nephropathy: ratio;
Kidney Int 76: 534, 2
125 adults = 18 years old; 99 children < 18 years old. entations and
Renal survival data from Haas M et al: IgA nephropathy in children and adults: comparison of Oxford Classificati

histologic features and clinical outcomes. Nephrol Dial Transplant 23: 2537, 2008,




IgA Nephropathy

Indipendent predictors of progression to ESRD

M — mesangial hypercellularity

E — endocapillary hypercellularity

S — segmental glomerulosclerosis

T — extent of tubular atrophy / interstitial fibrosis

C — crescents

Do C4d!
mesangial C4d present in 30-38%
independent risk factor for reduced 20-year survival (28% vs 85%)

Clin J Am Soc Nephrol. 2014 May;9(5):897-904



IgA Nephropathy

Indipendent predictors of progression to ESRD

Do C4d!
Fetal Pediatr Pathol. 2018 Oct 1:1-11.

RESULTS:

Among the 56 patients, 31 (55.4%) showed positive mesangial or peripheral capillary C4d staining in
glomeruli.

Urine protein-to-creatinine ratio was significantly higher in C4d-positive patients (p = 0.001).

The severity of mesangial proliferation according to the Haas and Oxford classification was positively
associated with positive C4d staining (p <0.001).

CONCLUSION:

Positive C4d staining was found to be significantly associated with the clinical /histopathological severity of
IgAN.



Differential diagnosis IgAN

Renal biopsy

HSP LM can be identical
(clinical issue) Deposits do not persist
Familial IgAN identical

(poorer prognosis)

LN LM can be identical

IF: IgG brighter than IgA
Clq
“full house” pattern
EM: TRI

Post-infectious IgAN IF/EM: Humps
Deposits do not persist

HIVAN EM: TRI



HSP — IgA vasculitis

Microscopic:

Can show identical pathologic features as IgAN
Cellular crescents

EM: deposits in mesangium, also sub-endothelial
and sub-epithelial



HSP — Use ISKDC histologic classification (1977)
S

International Study of Kidney Disease in Children Classification

Class Progression to Chronic
Kidney Disease

| (minimal alterations) < 15% (often grouped with
class Il)

Il (pure mesangial proliferation) 15%

111 (focal [Il1a] or diffuse [IIIb] mesangial proliferation 15%

with < 50% crescents)

IV (focal [IVa] or diffuse [IVb] mesangial proliferation  37%

with 50-75% crescents)

V (focal [Va] or diffuse [Vb] mesangial proliferation 70%

with > 75% crescents)

VI (membranoproliferative-like GN) Paucity of data




HSP

Indipendent risk factors for progression

E — endocapillary hypercellularity
T — extent of tubular atrophy / interstitial fibrosis

Not crescents



Differential diagnosis IgA-related GN
N

“full house pattern”

IgA-related GN IF LN IF
lgA 100% IgA 59%
IgG 50% laG 100%
IgM 50% IgM 67%
C3 90% C3 81%
Clq <10% Clq 72%

fibrinogen 30-70% fibrinogen 43%



DD HSP vs LN ())

Clinical case

9-year old boy

Purpura

Recurrent macrohematuria
Arthritis

LM: class |




Systemic Lupus Erythematous
N

ISN/RPS Classification of Lupus Glomerulonephritis (2004)

Weening JJ et al: The classification of glomerulonephritis in systemic lupus
erythematosus revisited. J Am Soc Nephrol. 15(2):241-50, 2004



Systemic Lupus Erythematous

Clinically relevant pathological features

Type of renal disease
Acute inflammatory activity
Extent of glomerular and Tl scarring

Histologic predictors of poor renal outcome

ISN/RPS class correlates with outcome, but tendency for class changes
in follow-up biopsies reduces predictive value

Mesangial and membranous lesions have better prognosis than focal
or diffuse LN

Amount of subendothelial deposits

Crescents



Systemic Lupus Erythematous

LN is in differential diagnosis of almost every renal

biopsies

The most important diagnostic clues to LN are:

Heterogeneity of glomerular lesions

Extraglomerular IgG

Endothelial tubuloreticular inclusions (TRI, but not pathognomonicl)

Hematoxylin bodies are pathognomonic, but rare



Nephrotic syndrome

SSNS: MCD 90%
SrSN: MCD 30-40%, 30-40% FSGS, MesPGN

DD
MCD
FSGS, | or I
MesPGN

Pediatr Nephrol. 2006 Feb;21(2):286-8
Ital J Pediatr. 2017 Apr 21;43(1):41



Nephrotic syndrome

DD MCD vs FSGS

Adequate sample of glomeruli is crucial
Multiple levels to detect FSGS

Note whether sampling of CMJ is included
“FSGS” cannot be excluded

NTA (MCD)

Tubular atrophy / interstitial fibrosis, marked
glomerulomegaly (FSGS)

FSGS NOS is a diagnosis of exclusion



Nephrotic syndrome

DD MCD vs primary FSGS

Podocyte FPE?

(note: FPE occurs in any renal disease with severe glomerular
proteinurial)

MCD: diffuse, = 75%; primary FSGS: not complete, = 50%

but
Extent of FPE does not distinguish between MDC and | FSGS
<50% FPE indicates the process is not MCD or | FSGS



Nephrotic syndrome

DD | FSGS vs Il FSGS
Secondary FSGS: FPE on EM less than 50% (DD vs MCD!)

Adaptative FSGS: glomerular hypertrophy, perihilar distribution of
adhesions & hyaline, less extensive FPE

Genetic FSGS: NOS; genetic test required

Secondary FSGS: immune complexes by IF, deposits or GBM
abnormalities by EM



FSGS — Histologic Classification
N

FSGS Morphologic Classification Algorithm

FSGS Morphologic Features
Adapted from D’Agati et al: Pathologic classification of focal segmental glomerulosclerosis: a working
Variant Diagnostic Criteria Exclude Prognosis proposal. Am J Kidney Dis. 43(2):368-82, 2004.

Collapsing = > 1 glomerulus with None Poor 8-12% Variant Location  Distribution Hyaline Adhesion
collapse with segmental Collapsing Anywhere Segmental =+ -+ = —f+ -+
or global collapse and pEchal
podocyte hyperplasia Tip Tip Segmental  +/- 4t - -+ | -1+
and hypertrophy domain
[ Cellula Anywhere = Segmental - - - - - -
Tip > 1 segmental lesion in Collapsing Possibly 1-10% .". ‘ — < s e o as e
tip domain (outer 25% of ~ variant, better e L == S et - AR ol it i
tuft next to proximal perihilar prognosis FSGS Anywhere = Segmental ¢/~ +- A L B
tubule origin), adhesion  sclerosis (NOS)
is required at tubular
1\ ok AH = arteriolar hyalinosis, FSGS5) focal segmental glomerulosclerosis, GM = glomerulomegaly, MHC =
umen orac ! mesangial hypercellularity, PCH = podocyte hyperplasia. Features are expressed as “most
Cellular =1 glomerulus with Collapsing Possibly 1-3% common/least common presentation.” Each (+) denotes the approximate frequency at which the
segmental orglobal and tip rly—stage features occur; (-) denotes that this feature may be absent.
endocapillary variants lesion
hypercellularity
occluding lumina, +
karyorrhexis and foam
cells 5
Perihilar 2 1 glomerulus with Collapsing, Might often 1-7%
perihilar hyalinosis, + tip, and bea
sclerosis cellular secondary
variants type of FSGS
FSGS > 1 glomerulus with Collapsing, Usual course  68-90%
(NOS) segmental increase in tip, cellular,
matrix obliterating and perihilar
capillary lumina variants

American Journal of Kidney Diseases, Vol 43, No 2 (February), 2004: pp 368-382



FSGS — Histologic Classification

IF: IgM and C3 often positive in sclerotic areas or
areas of mesangial matrix increase

Do EM: IgM staining without EM deposits no
significant

Search for TRI, not for LES, but for HIVAN



Membranous glomerulonephritis
PRIMARY VS SECONDARY

Mesangial deposits & TBM deposits

Class V LN (C1q in 67%, TBM > 30%), TRl & /or

subendothelial deposits

PLA2R/IgG4 on IHC or IF



Membranous glomerulonephritis

PRIMARY VS SECONDARY MG

I MG have deposits (70%) and may correlate with disease activity.
Circulating antibodies to PLA2R are predominantly

Subepithelial deposits are thought to arise from autoantiboby and local shedding of
PLA2R, identified by IF or IHC with in situ immune complex formation.

type-1 domain-contaninig 7 A is the antigen in a small proportion
of patients with | MG.

In Il MG, other IgG classes are detected and PLA2R is not shed from the podocyte.



Membranous glomerulonephritis




Membranous glomerulonephritis

ADVERSE PROGNOSTIC FEATURES
Interstitial fibrosis & tubular atrophy
FSGS
Heterogeneous (multistage) deposits (EM)

Note: extente and stage (4 stages described by
Ehrenreich and Churg) NOT consistently correlate with
outcome



C3-related glomerulonephritis and MPGN

Category Defining Features Complement
Abnormalities
C3 Glomerulopathies
Dense deposit Extremely dense GBM and Autoantibody to
disease (DDD) mesangial deposits by EM; C3bBb (> 80%) or C3
variable histologic patterns: (rare); mutation in CFH
MPGN, AGN, mesangial (minority), C3 (rare),
proliferative and crescenticGN;  CFHRI1 (rare)
C3 dominant
c3 C3 in mesangium/GBM with Ig Autoantibody to
glomerulonephritis and C1q at least 2 IF levels less; C3bBb (~30%);
(primary GN with deposits not as dense as DDD; mutation in CFH
isolated C3 deposits) ~ “humps” occasionally; 3 (minority), CFl (rare),
patterns: MPGN type | or lll and MCP (rare)
epimembranous deposits
without MPGN
Familial C3 MPGN type IIl (one family) Hybrid CFHR3-1
glomerulopathy
CFHR5 MPGN | or Ill pattern, autosomal ~ Mutation in CFHRS
nephropathy dominant
Atypical acute Persistent Autoantibody to
glomerulonephritis hematuria/proteinuria with or C3bBb (C3NeF) ~ 70%;
without history of infection; mutations in CFH5 or
endocapillary and mesangial CFH5R ~ 30%

proliferation + subepithelial
“humps”; C3>Ig

Idiopathic MPGN With
Immune Complex
Deposition
MPGN, type | Mesangial proliferation + Autoantibody to
subendothelial and mesangial C3bBb (20-50%); CFH
deposits, duplication of GBM; C3  mutation (minority);
in mesangium/GBM with Ig &/or  CFl mutation
Clq greater than or within 1IF (minority); C9 (rare);
level of C3 often evidence of
classic pathway
activation (low C4)
MPGN, type Il Mesangial proliferation + Sparse genetic and
subepithelial or autoimmune datain
intramembranous deposits; C3 type lll with 1g/Clq

in mesangium/GBM with Ig &/or
Clq greater than or within 1 IF

level of C3

CFH = complement factor H; CFl = complement factor I; MPGN = membranoproliferative
glomerulonephritis; AGN = acute glomerulonephritis; CFHR = complement factor

H-related proteins.

Pickering, et al.: C3 glomerulopathy: consensus report. Kidney Int. 84 (6):1079-1089 2013



MPGN | - Il

Membranoproliferative Glomerulonephritis Variants

Other
Characteristic
Features
I GBM duplication&  1gG  Subendothelial & (1) infection, n: Mesangial IgG = Subendothelial, Combination
mesangial & mesangial deposits | (2) Burkholder  proliferation, &  subepithelial, of type | MPGN
expansion C3+ autoimmunity, variant (IIB)  double contours, C3+ intramembranous, =& membranous
lgM, (3) neoplasia; “spikes” IgM, & mesangial GN; some are
Clqg some are C3 Clg deposits C3 GP variant
GP variant of of MPGN type
MPGN type | ne
Iz Mesangial leG = Subendothelial, Combination 1z Subendothelial, IlgG  Subendothelial, Combination
Burkholder  proliferation, & subepithelial, of type | MPGN Strife/Anders  subepithelial, & subepithelial, & of type l and
variant (IlIB)  double contours, C3+ intramembranous, & membranous variant intramembranous, = C3:+ complex type Il (DDD)
“spikes” lgM, & mesangial GN; some are (INSfa) & mesangial IgM, | intramembranous MPGN; some
Clg deposits C3 GPvariant deposits Clg | deposits, may be are C3GP
of MPGN type electron lucent variant of
ne without silver MPGN type
. . L impregnation NS/A
1z Subendothelial, leG = Subendothelial, Combination
Strife/Anders  subepithelial, & subepithelial, & of type | and
variant intramembranous, C3+ complex type Il (DDD)
(Ins/a) & mesangial lgM, intramembranous MPGN; some
deposits Clg deposits, may be are C3 GP
electron lucent variant of
without silver MPGN type
impregnation HIS/A

EM: Electron microscopy; IF: Immunofluorescence microscopy; GBM: Glomerular

basement membrane; GP: Glomerulopathy; LM: Light microscopy; MPGN:
Membranoproliferative glomerulonephritis. The proposed IF distinction between C3 GP

and MPGN with immune complexes is based on the presence of immune complexes in the

latter, as judged by Ig &/or C1q within 2 IF levels of C3 staining.
Table reference: Zhou XJ and Silva FG: Membranoproliferative glomerulonephritis. In
Jennette JC et al: Heptinstall's Pathology of the Kidney. 7th ed. Philadelphia: Wolters
Kluwer. 301-339, 2015.



C3 Glomerulopathies

Due to abnormal control of complement activation, deposition or
degradation

Predominant glomerular C3 fragment deposition

Electron-dense deposits on EM

“Predominant C3” > 2+ on IF

MPGN pattern

Mild mesangial hypercellularity
Crescentic GN

Acute GN

Cook, et al.: Histopathology of MPGN and C3 glomerulopathies. Nat Rev Nephrol. 11 (1):14-22 2015



C3 Glomerulonephritis

Clinical case

%
8-year old girl I o
macrohematuria i DT
persistent microhematuria 3 g e A
reduced C3 g }
no proteinuria (1) g oy %

fibrinogen



|diopathic MPGN with immune complex deposition

MPGN | or Il with C3 in mesangium/GBM
lg & /or C1q = 1+ IF level of C3
|diopathic

50% dysregulation of alternative pathway

Dysregulation predispose or prolong injury iniziated by immuno complexes

Do C4d: GBM+ in MPGN I/1ll
GBM- in C3GN
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