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Benefit of kidney biopsy in native kindeys
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Diagnosis without biopsy ~50%.
Unexpected findings ~15%.

BMC Nephrology 2009 May 21; 10:11

36% diagnosis is changed,

~60% therapy is changed,

22% unnecessary
immunosuppression is avoided.

Heptinstall’s Pathology of the kidney




Two classifications: two different approaches/views

for the same purpose

1. From clinical findings to histology.
Based on clinical findings, what is the expected histology?

. From histology to clinical image.

Based on histology, what are the expected clinical symptoms?

Two classifications:
o Based on clinical syndromes

o Based on histology

o Histological findings without
relative clinical finding

o Clinical finding without relative
histological finding

}

One goal: Diagnosis,
therapy

}

Discussion!




From histology to clinical syndromes

Biopsy: “gold standard” for diagnosis.

Histological
classification

How??

—

Histological patterns of
glomerular diseases

Ideal: one histological pattern, one disease. Not in real life!
Different histological patterns can be seen in the same

disease.

The same histological pattern, can be seen in different

diseases.




Variety of histology in the same disease

Heterogeneity in the natural course, morphological diversity in some
diseases (lupus nephritis, IgA nephropathy).

Time of biopsy, disease progression (acute vs chronic, early vs late GN).
Post infectious GN.

Membranoproliferative GN.

Transplant glomerulopathy

Membranous Glomerulopathy (four stages)

Vasculitis (necrosis vs sclerosis)

Lesions after treatment.

o Therapy before biopsy.

o Repeat biopsy

Inflammation or a second disease on the ground of the main disease
(IgA nephropathy on the ground of Diabetic nephropathy).

Primary vs Secondary GN, implicating different pathogenetic mechanism

o Membranous Primary vs Secondary (different causes).

o IgA nephropathy (IgA nephropathy vs post infectious IgA staphylococcal GN, vs other
secondarytgA-likecirrhosis-associated;etc)-

o 0O o0 o o



Common histological patterns in different diseases

Inflammation, no inflammation (glomerulus has no many ways to
“react” in damage).

o Glomerulonephritis (intraglomerular inflammation).
o  Glomerulopathy (no glomerular inflammation).

Different diseases can affect the same glomerular segments.

o SLE vs IgA nephropathy, Immunoflourescence allows the

distinction (both can result in mesangial and/or endocapillary

changes).

o Cryoglobulinemic GN vs C3 GN vs SLE (all can have
membranoproliferative pattern, again Immunofluorescence allows
the distinction).



Final stage ot glomerular diseases

In the final stage global and
segmental glomerulosclerosis
appears; at this stage is not feasible
the distinction among diseases.
Defining original disease can be a

difficult task, however, in some cases

can be achieved.

At chronic stage, biopsy shows
findings of “Focal Segmental

Glomerulosclerosis” (FSGS), meaning

not the original disease, but the

pattern of injury (including immune

complex diseases, such as IgA

nephropathy, C3 GN, Lupus nephritis

etc).
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FIGURE 12.8 IgA nephropathy resembling focal segmental glomerulosclerosis (M0 EO S1 T0). The glomerulus at left shows
perihilar segmental sclerosis with associated hyalinosis as well as an increase in mesangial matrix; however, neither
glomerulus shows mesangial or endocapillary hypercellularity. A small number of red blood cells are seen within a tubular
lumen above the segmentally sclerotic glomerulus. (H&E, x400.)



Do we need morphological patterns/nistology?
Knowing causes isn’t enough?

One cause may result in different diseases.

o Hematological diseases can affect with different ways the parenchyma,
amyloidosis vs others (myeloma cast nephropathy, Light chain DD etc),
prognosis and therapy can be different, according to the pattern of injury.

One cause may result in different types of injury, clinical
manifestations, variable degree of severity and prognosis, therapy.

o mesangial vs endocapillary GN (endocapillary GN has a different
presentation, required more aggressive therapy).

o membranoproliferative vs mesangial vs endocapillary.
o GN with many crescents vs GN without, or with minimal crescents.

Defining Chronicity (chronic changes can change therapy, in severe
chronicity aggressive therapy is avoided — there is no benefit).

Final diagnosis is a combination of histological patterns + causes.
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Important for
pathological examination:
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Clinical history (detailed), adequate samplzem (at least 10 glomeruli).
Light Microscopy: H&E, levels are important.
Special Histochemical Stains (PAS, Silver, Masson).

Other special stains (Congo-Red, von Kossa etc).

Immunofluorescence — Immunohistochemistry for the detection of
Immunoglobulins, Complement components and light chains (IgG,
IgA, IgM, C3, C1q, Fibrinogen, k and | light chains). Other markers
cal also be useful in Transplantation (C4d, HSV40 - BK).

Electron Microscopy.
Combination of the methods.




ANTIBODY MEDIATED GLOMERULONEPHRITIS Dj_ S tinc tion O f

I l l different diseases is

Circulating anti-GBM  Glomerularimmune  Circulating ANCA with

antibodies with linear complex localization with paucity of glomerular IF

glomerular IF staining ~ 9ranular IF staining  immunoglobulin staining fﬂ S Cllitate d by
‘ Immunofluorescence
examination

histology for i globulins and
complement

>80% ANCA+

Linear pattern: Strong - anti-GBM disease, ..
Weak -DM. P
Granular: granules/grains in GBM and/or S e Y PR T A
Mesangium: Membranous, IgA nephrop.

etc ==] o [ e [ [ o [ & Sl =]
Paucity/Absence Of Staining: AN CA
vasculitis, Minimal change disease efc. e~




Main distinction — Immunofluorescence

Classical Immune Complex diseases, Ig + Complement
IF is positive, for Inmunoglobulins + Complement
o 1gG (SLE, Membranous, Fibrillary GN)
o IgA (IgA Nephropathy)
Dominant Complement expression (over Ig).
IF is positive mainly for Complement
o Post infectious GN (C3)
o C3GN (C3)
o Clg nephropathy(C1q)
Non Immune Complex disease
IF is negative.
o Minimal change disease
o FSGS.
o Thin basement membrane d.—Alport
o Pauci immune vasculitis



‘Patterns

PATTERNS OF GLOMERULAR INJURY OBSERVED BY LIGHT
MICROSCOPY AND SOME BUT NOT ALL OF THE DISEASES THAT CAN
CAUSE EACH PATTERN OF INJURY >

No abnormality by light microscopy

No glomerular disease

Slomerular disease with no light microscopic changes (e.g., minimal change glomerulopathy, thin
basement membrane nephropathy)

Mild or early glomerular disease (e.g.. lupus nephritis, IGA nephropathy,
membrancus glomerulopathy, amyloidosis, Alport's syndrome, etc.)

~1q nephropathy,

Thick capillary walls without hypercellularity or ial exp.
Mambranous glomerulopathy (primary or secondary) with thick GBM
Thrombotic microangiopathy with expanded subendothelial zone
Pre-eclampsia/eclampsia with endothelial swelling

Fibrillary glomerulonephritis with predominance of capillary wall deposits

Thick walls with mesangial expansion but little or no hypercellularity
Diabetic glomerulosclerosis with diffuse rather than nodular sclerosis
Secondary membranous glomerulopathy with mesangial immune deposits
Amyloidosis

al immu ulin i )
Fibrillary glomerulonephritis
Dense-deposit disease (type Il membranoproliferative glomerulonephritis)

Focal segmental glomerular ut hyp ity
Focal segmental glomerulosclerosis (primary or secondary)
Chronic sclerotic phase of a focal glomerulonephritis

Hereditary nephritis (Alport’s syndrome)

gial or illary hyp lularity
Focal or diffuse mesangioproliferative glomerulonephritis®
Focal or diffuse (endocapillary) proliferative glomerulonephritis®
Acute diffuse proliferative postinfectious glomerulonephritis

Membranoproliferative glomerulonephritis (type 1, 11, or 1))

Extr illary hyp. ity

ANCA crescentic glomerulonephritis (paucity of immunoglobulin by IFM)

Immune complex crescentic glomerulonephritis (granular immunoglobulin by IFM)

Anti-GBM crescentic glomerulonephrit
Collapsing variant of focal segmental gl

(inear immunoglobulin by IFM)
merulosclerosis (including HIV nephropathy)

=1 ive, or nodular pattern
Membranoproliferative glomerulonephritis (type 1, 11, or ii1)
Diabetic glomerulosclerosis with nodular mesangial expansion (KW nodules)
lonal immunaglobulin deposition disease with nodular sclerosis
Thrombaotic microangiopathy
Fibrillary glomerulonephritis
immunotactoid glomerulopathy

Ad o Tobhal al tar sl

End-stage glomerular disease
End-stage vescular disease
End-stage tubulointerstitial disease

A specific disease (e.g., lupus nephritis) can cause more than one pattern of injury.
SEach pattern could be caused by 1A nephropathy. lupus nephritis, postinfectious glorm
and so forth

usScEs

lomerulonephritis

Focal Involving =50% of glomeruli

Diffuse Involving =50% of glomeruli

Segmental Involving part of a glomerular tuft

Global Involving all of a glomerular tuft

Mesangial Four or more nuclei in the contiguous matrix of a peripheral mesangial segment
hypercellularity

Endocapillary Increased cellularity internal to the GBM composed of leukocytes. endothelial
hypercellularity cells. and mesangial cells

Lobular Consolidated expansion of glomerular segments representing major anatomic
subunits (lobules) of the glomerular tuft formed by dichotomous branchings of the
afferent arteriole. (hypersegmentation)

Extracapillary Increased cellularity in Bowman space or more than one layer of parictal or
hypercellularity wisceral epithelial cells
Crescent Extracapillary hypercellularity other than the epithelial hyperplasia of the

collapsing variant of FSGS. often accompanied by fbrin extravasation into
Bowman space.

Fibrinoid necrosis  Luytic destruction of cells and matrix with deposition of acidophilic fibrin-rich
material and often accompanicd by GBM rupture and apoptosis of infiltrating

leukocytes
Mesangiolysis D h of the par: 1 GBM from the ial ix resulting in a
capillary ancurysm. or lytic d h of the 1
Sclerosis Increased coll Tular ix that is ding the i
obliterating capillary lumens. or f adhesi to Bo capsule
Hyaline Gilassy acidophilic extracellular material

Because each light microscopic pattern of glomerulonephritis can have many
mrosnases recosnition of the snecific canse of the inkare in 2 siven snecimen i

ifferent causes with very different
A= imnortant as if nat maore moockant

» ® Acute glomerulonephritis

CraseMark

Sanjeev Sethi, An S De Vriese, Fernando C Fervenza
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Immune complex assocated Anti-glomervlar basement Anti-neutrophil ytoplasmic 3 glomerulopathy Monadonal Iy assodated
membrane assodiated antibodies associated
—bl Proteinase 3 assocated | 3 glomenvlonephyitis | Proliferative
H-» glomenlonephiitis with
monaclonal lg deposits
N T
Monadlonal Ig deposition
NE
oot | =
Immunotactoid
Fibrillary (polyclonal) [ danentephuits
Cryoglobulinaemic "

- Cryoghobulinaemic
(polyclonal) a (monecdonal)
Idiopathic (rare) Copetalstoving

histiocylosis,

¥ aystalglobulinemic
glomerulonephritis, or
fibillary (monodonal, rare)

Figure 1: Classification of glomerulonephritis based on cause




15t Classification (Patterns of injury)

Proliferation (membranoproliferative including).

«Nodular» mesangial increase/expansion with GBM thickening.
FSGS.
Lesions of Glomerular basement membranes.

No lesions on Light Microscopy (or with minimal changes),
Important IF, EM.

Glomerulosclerosis/chronic changes
Special (additional) findings

Diseases with deposition of “material” in LM.

Diseases with lesions in LM, but EM is necessary for
classification.



Patterns of Proliferation

Proliferation.

o Mesangial (avénom tov VTOGTPOUATOS, VITEPTAACTO TMV
LEGAYYELLK®OV KUTTAPWV).

o Endocapillary (intraglomerular inflammation, endothelial cell
proliferation, segmental GBM thickening, lumen occlusion).

Special: Membranoproliferative —Lobular pattern.
0 Membranoproliferative GN
o C3GN
Mimics:
o Chronic TMA- endothelial damage.
o Transplant Glomerulopathy
o Extracapillary (crescents)



Types of cells:

‘Glomerulus, normal

Spherical or elipsoidal collections of
specialized capillaries, supported by
mesangial matrix.

Specialized vascular structure.
Role: blood infiltration.

Mesangial
Endothelial
Podocytes

Parietal cells
(Bowman'’s capsule)

Wheater’s histology




This normal glomerulus is stained with PAS to highlight basement SN
membranes of glomerular capillary loops and tubular epithelium. The R YT & : e B2 i SRS -
capillary loops of this normal glomerulus are well-defined and thin. m LA I Nl B L ] O
The endothelial cells are seen in capillary loops. The mesangial This is a normal glomerulus by light microscopy. The glomerular
regions are of normal size. Podocytes are present and forming the capillary loops are thin and delicate. Endothelial and mesangial cells
visceral eplthelial sutface. Bowman's space ks sech along with are normal in number. The surrounding tubules are normal. Life is
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Mesangial proliferation (Clinical hematuria +/-

mild proteinuria)

> 3 mesangial cells in areas away from | ‘_ {r %3 L NG 1
the vascular pole, increase of the Vg S5 % ﬁx\
mesangial matrix, [F+. - ‘ff,-: (1 / .' e , )
Focal or Diffuse (or finger -like) mesangial el E , ,:.g :‘tﬁ
increase in association with cellularity 3 \” SRR A el d
(IgA, SLE, Fibrillary GN etc). s N

Jennette JC. UNC, Tutorial 2010 |gA nephropathy




Endocapillary Proliferation

(hematuria, proteinuria,

deteriorating renal function —Cr/EGFR)

= Inflammation into capillary lumens,
(neutrophils, lymphocytes,
monocytes), endothelial cells
proliferation, GBM thickening,
occlusion/stenosis of lumens.

= Mesangial proliferation usually
coexists.

= In acute phase, increased cellularity,
neutrophils can be more > monocytes,
the opposite in chronic phase (less
neutrophils).

= IgA, SLE, Post infectious GN etc.

S st s —_—

Glomerulonephriti




‘ Endocapillary Proliferation
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Quantification of lesions (how much?)

= Segmental - Global (<1/2 glomerulus, = 1/2 of glomerulus)
. Focal lefuse (<1/2 > 1/2 of glomerull |n total)

) cal <1/20f total
d alomeruli with lesions E
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Endocapillary proliferation

v @

'SLE with nuclear “dust’/debris

Postinfectious Glomerulonephritis Glomerulus Viewed by
Light Microscopy (left) and
Immunofluorescence Microscopy (right)

Normal Light microscopy showing Immunofluorescence
increased inflammatory cells microscopy showing
(neutrophils) immune complex deposits

in capillary walls

.

Post infectious GN speimposed
on DM

= “Whatis the diagnosis” (Acute Post Infectious Glomerulonephritis: Not always a benign
condition) Sophia Lionaki, Maria Pappa, John N Boletis, Liapis G. CJASN, 4/2020 Vol 15.
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Class | Class Il

SLE can have many “faces”, mesangioproliferative, endocapillary
proliferation, membranoproliferative, membranous, sclerosing.

Jennette JC, UNC




Membranoproliferative Pattern (hematuria, proteinuria,

increase of Cr)

Lobular architecture, “double contour” of GBM.

= New basement membrane formation, with
mesangial interposition (“double contor”,

MPGN pattern of injury

Positive Ig Complement- Negative lg
+-C3 dominant Negative C3
Ig/IC-mediated Complement-
mediated
i
a c4
glomerulopathy  glomerulopathy

—
v Vv i ¥ ¥
Y Y Y'Y ®
gLl (Lo
Figure 69| Pathophysiology of ive lesions. DDD, dense deposit disease; GN, glomerulonephritis; HUS, hemolytic-
e hritis; TMA, .

uremic syndrome; IC, -mmune complex; Ig, i bulin(s); MPGN,
microangiopathy.

subendothelial deposits).
Ig+ AND C3+/-
= Monoclonal Gammopathy =

= Autoimmunity SLE,
Cryoglobulinemia

= Infections m

Immune complex mediated

- Complement mediated =

Granular capillary (subendothelial) IgG staining.
Contributed by Haiyan Zhang, M.D., Ph.D.

C3dominant

C3GN
/Glomerulopathy

lg-, C3-
TMA
Others



Mimics of MPGN

Chronic active antibody mediated rejection
» GBM reduplications.

- Saubendothelial edema mflammatory cellsmto the Iumens.

= Subendothelial edema, new basement membrane formation, GBM
reduplications, IF -.



C3GN

= Dominant C3 expression.

= CFHR5 nephropathy
= C3GN
= Dense Deposits Disease.

HISTORICAL MPGN type I, or dense
CLASSIFICATION | MPGNype | deposit disease (DDD) el
Mesangial prolifer-
ation with mesangial Diverse glomerular MPGN pattern,
LIGHT interposition and histology with or usually with membranous
MICROSCOPY  gpw duplications without MPGN pattern ~ features
(MPGN pattern)
ELECTRON Mesangial and Mesangial and Mesangial, subendothelial,
MICROSCOPRY subendothelial intramembranous highly  subepithelial, and/or
deposits electron-dense deposits  intramembranous deposits
Autoimmunity  mwvo.  Fpg® cedore  cadone  caabne ST
FLUORESCENCE  IgM, C1 / IgM, C1
Infections, [caon| [DoD| [cacn|
ERN
Monoclonal ~ ** \ |/
N | MPGNypell | Caglomeruopathy | | MPGNypelll |
Historical
B o [ MPGN type | ] I MPGN type II ] [ MPGN type Il J

1

|

v

- Mesangial and Highly electron-dense Mesangial,
aon subendothelial mesangial and subendothelial,
microscopy deposits intramembranous subepithelial, and/or
T deposits + Bowman’s intramembranous
l capsule deposits deposits
Immuno- C3 with 12G l C3 alone | I C3 alone ] | C3 alone | C3 with 1gG
fluorescence and/or IgM and/or IgM
Ciq l l l Ciq
L C3GN [ [ DDD ] [ C3GN }
| 1 |
Immunoglobulin- C3 glomerulopathies Immunoglobulin-
gﬁgeg:l s mediated I £ B | mediated
& MPGN type | MPGN type IlI

Y

Consider autoimmunity, infection and monoclonal gammopathy

Nature Reviews | Nephrology

Agati V, Kidney International

Cook T. Reviews Nephrology volume 11, pages 14-22 (2015)

(2012) 82, 379 — 381.




TABLE 9.1 Pathologic classification of C3 glomerulopathy

C3 goneropty B = Low C3in the serum (40%-80).

Dense deposit disease (DDD) (formerly membranoproliferative GN type I)

Membranoproliferative GN pattern (type IT) N P r eVI ous I n fe Ctl ous Of U p p er res p I r at Ory

Mesangioproliferative or proliferative GN pattern

(3 glomerulonephritis (C3GN) System .
Membranoproliferative GN pattern (types L and I1T)" .
e = Nephrotic syndrome: 27% C3 GN,

Mesangioproliferative or proliferative GN pattern

"Note that membranoproliferative GN types I and III may be ether the result of a C3 glomerulopathy 3 8 % D D D , 6 5 % M P G N .

ot an immune complex-mediated glomerulonephritis (see Chapter 8).

Servais et al. Kidney Int 2012;82:454-464

>50 years, high suspicious for MGRS,
Immunofluorescence in paraffin
sections.
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Heptinstall’s Pathology of the kidney




Extracapillary proliteration (hematuria, proteinuria,
severe increase in Cr)

Parietal cell proliferation of Bowman’s capsule, fibrin, macrophages,
Inflammatory cells («crescents»). Usually GBM disruptions.

o Crescentic GN >50% of glomeruli with crescents,
o GN with crescents <50% of glomeruli with crescents.

Mimics (Collapsing FSGS).
Immune complex GN, IF+.

S I E TABLE 15.2 Frequency of glomerular crescents, necrosis, and endocapillary hypercellularity in different types of
N glomerular disease evaluated by the University of North Carolina Nephropathology Laboratory
%6 With %6 With  Average %  Glomerular Glomer ular
vpe of glomerular any >50%%6 glomerular rosis ( ypercellularity
ephropat S e
- 7+ 0.8+
. .
brillary GN - o
Fibrillary B
Memb lif tive GN - -
e ranoprolirerative - -
3+ T+
.
Antl-GBM *
g
C3 glomerulopath; 2+ 8+
- " * Fibril o+ L6+
aucCl Immune - vVasSC
] " o+ 3+
4+ 3+
* . -

No proliferation - -
+ - o+ 1+




Anti-GBM disease

Necrosis, fiorin  —— GBM disruptions/breaks — proliferation of
parietal cells of Bowman'’s capsule, along with podocytes (crescents).

P

i

lgG+ linear in GBM

Pauci immune sculitis)
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‘ Evolution of
glomerular
cellular

cresce

nts

Cellular crescent:>10% cellular
components
Fibrous crescent: >90%
extracellular matrix

ANCA J Am Soc Nephrol 21: 1628—
1636, 2010

Celular crescent mone than 75% oeds and fbnn
and kess fhan 25% fibrous mafri (2

Fibrous crescent more than TH% fibrows. matrix
and less than 25% cells and fibrin ()

Fibrocdlular crescent 25-T5% cells and filbrin
and the rermainder fibrous matrix (E)

In chronic/final stage, necrosis is absent. Cellular crescents
transform to fibrocellular /fibrotic and finally to sclerosed glomeruli.




Nodular pattern of mesangial growth, with no cellularity,
GBM thickening (severe proteinuria/ nephrotic syndrome)

= Nodular glomerulosclerosis pattern of injury.
o Metabolic: Diabetes Mellitus

o Deposition of material
= Light chain deposition disease (LCDD).
= Amyloidosis
= Membranoproliferative pattern in chronic stages.
= Rare disease




‘ Nodules in mesangium, GBM thickening, Diabetes Mellitus

Heptinstall's pathology of the kidney

Amyloidostis (Congo Red+)

Figure 1. Spectrum of monoclonal gammopathy of
renal significance by localisation

Amvioidesis (AL, AH and AL
MIOD (LCDD, LHCOD and HCDD)

Blood wessets

Amyidosis (AL AH and AHL)
MDD (LCDD, LHCDD and KCDD]
PGNMID (lg5, igA and IgM)

€3 glomerulopathy
Immunatactoid glomerulonsthy
Trpe roeis
Fillla ‘onephi
Thrombote mi u-ln(lwdllw

L20p of Herde

Monoclonal gammopathy of renal significance
(MGRS): histopathologic classification,
diagnostic workup, and therapeutic options

K. Amaador', H. Peeters?, M.C. \ , T.Q. Nguyen*, A. Dend: %7, .M.I. Vos®, A.]. Croockewit?,
N.W.C.J. van de Donk | F.M. lacobs ] FM Wetzels B. Sprangers*3, A.C. Abrah




F O C al S egm e ﬁtal Laboratory Investigation 28:533, 1973

Focal Sclerosing Glomerulonephropathy with
Segmental Hyalinosis

glOmefulO S Clef() Sj. S - F S GS A Clinicopathologic Analysis

(S evere prOtCiHU,fia’ nephfoti(: Syﬁd]’:ome) Lawrence R. Hyman, M.D., axp Perer M. Burknorner, M.D.

IF-, Histological types:

Q

o O 0O 0O O

Classic
Perihilar
“Tip” lesion
Cellular
Collapsing

“NOS” Perihilar Tip Lesion Collapsing Cellular

Forms: Primary, Genetic (>50 genes), secondary (hyperfiltration
Injury, Hypertension, obesity, drugs, infections, etc).

For chronic glomerulonephritides, FSGS can be a pattern of injury,
not the disease entity; can be the end morphological point of
every disease, immune complex diseases including.

American Journal of Kidney Diseases, Vol 43, No 2 (February), 2004: pp 368-382
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SARS-COV-2 (with APOLT risk genotype)

Drug-induced Direct-acting antiviral therapy
mTOR inhibitors, CNIs
Anthracyclines
Heroin (adulterants)
Lithium
Interferon
Anabolic steroids
NSAIDs

Secondary to adaptive changes with glomerular hypertension

Reduced nephron Reflux nephropathy

number Renal dysplasia
Oligomeganephronia
Sickle cell disease
Age-related FSGS

Normal nephron Obesity-related glomerulopathy

number Primary glomerular diseases
Systemic conditions, e.g., diabetic
nephropathy, hypertensive nephrosclerosis

FSGS. APOL1, apolipoprotein L1; CMV, cytomegalovirus; CNI, calcineurin inl
“lerosis; HCV, hepatitis C virus; HIV, human immunodeficiency virus; mTOR,
itory drug; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.



GBM abnormalities (proteinuria, nephrotic syndrome)

Thickening of GBM , in association with increase in mesangial
maitrix (Diabetes Mellitus).

Reduplications of GBM (TMA, MPGN, transplant
glomerulopathy).

GBM alterations, splitting, disruptions, reduplications (Alport
syndrome, usually begins with hematuria).

GBM thinning diffusely (thin basement membrane disease).

Thickening of GBM, no alterations in mesangium
(membranous glomerulopathy).



" Alport syndrome

Thinning or abnormal thickening of GBM, alterations of GBM.
GBM splitting, disruptions, reduplications of GBM, laminations,

“basket wave”.

- -~

Final stage: pattern of non specific FSGS.

Arch Pathol Lab Med. 2009;133:224-232




Membranous = “Spikes” in Silver stain.

1 1 h = Thickening of GBM or double contour
g omeru Opat y In advanced stages.

for the diagnosis, disease  secondary (in autoimmune diseases like

involves all gloms! SLE, malignancies, infections etc).
A E o D\ B SR TR D e 0
J ' N WY ¢ R ' & cc ¥

Stage

Immunofluorescence microscopy for IgG (400x) shows strong x

d diffi I taini | th | | illari 4 H
ks el e el i e A1é Jennette JC. UNC, Tutorial 2010




‘Minimal or no changes in Light Microscopy.

= |F-:Thin basement membrane disease, minimal change

disease.

= |F+: Mild mesangial expansion in IgA nephropathy, SLE etc.

Minimal change disease

Thin besement membrane
(TBM) disease




Global glomerulosclerosis/chronic GN (proteinuria,

sediment can be 1nactive, gradually increased Creatinine)

Glomerular Changes
T B N

= Chronic GN |s_ char.acterlzed by:
= Interstitial fibrosis A

= Tubular atrophy

= Vessels damage worsening
glomerular damage.

= No treatment response
= Prognosis is ominous.

= In the final stage, determination of
cause can be difficult.




‘Deposition of amorphous

material

Hyalinosis (FSGS, DM).
Thrombi/fibrin (TMA).

Necrosis (vasculitis).
Cryoglobulins (Cryoglobulinemia).
Large immune complexes (SLE).
Amyloidosis Congo — Red +.




Electron Microscopy 1s necessary for certain diseases

EM highlights: organoid deposits, GBM
alterations, podocytes.

The renal biopsy
Necessary for: 0 ilinsta
a CO n g O- Red n eg at | ve d | seases , W | t h Table 1 Renal biopsy diagnosis requires LM, IF and EM
organoid deposits (Fibrillary GN etc). Diagnoses overloked without IHC

Light chain-associated diseases

o No lesions in Light Microscopy diseases Ay

Monoclonal immunoglobulin deposition disease

(Minimal change disease, TBM disease). Light chain cat nephropathy

IgA nephropathy/Henoch-Shonlein purpura
: IgM nephropathy
0 Rare genetic syndromes (Alport, Fabry,
Antiglomerular basement membrane disease
I—CAT etC) . Humoral (C4d) transplant rejection
Fibronectin glomerulopathy

Important contribution in other diseases, for

Diagnoses overlooked without EM

ad d | tl on al CcO nfl m atl on. or fO r more Fibrillary glomerulopathy/immunotactoid glomerulopathy
! Nail-patella syndrome
Information. Li}op[?‘;l;ir? gl}ofnm(‘)fllgpnthy

Dense deposit disease
Alport's syndrome

In ~2% Of cases, dlagI’IOSIS based on L|ght Thin glomerular basement membrane nephropathy
. . Collagenofibrotic glomerulopathy
Microscopy and IF, is changed!



Diseases with organoid deposits, classification by Congo- Red

Congo red positive diseases, with organoid
deposits (Amyloidosis).

Congo red negative diseases with organoid

deposits derived from immunoglobulins, IF+

(Fibrillary GN, Immunotactoid GN).

Congo red negative diseases, with organoid
deposits, that do not derive from

Immunoglobulins, IF- (Fibronectin nephropathy). ~

Congo-Red negative
Usually proliferative GNs. Yot 3%

Can be associated with plasma A
cells dyscrasias (Immunotactoid Z¥. = sse &
GN), or s\
autoimmunity/malignancies

and/or “idiopathic” (Fibrillary GN)

EM

DNAJBS highlights glomerular immune deposits in fibrillary x
L B g0 merl pht (400x).
Col by Nicole K. Andeen, M.D.

Nasr S.H. et al. Clin JAm Soc Nephrol. 2011 April; 6(4): 775-784.

Fibrillary GN
|[HC: DNAJB9+
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Other indirect findings can also be of value

Focal vs Diifuse

ANCA vasculitis vs anti-GBM disease.

Membranous diffuse (only 1 glom can provide diagnosis!)
SLE (can be focal), MPGN (usually diffuse).

Acute vs chronic

W egener usually active, MPA usually coexist active and chronic
lesions.

Special histological findings (“nuclear dust/debris” in SLE, Cryo-
plugs in Cryoglobulinemic GN etc).

Glomerular size (DM large gloms, vs Arterial Hypertention
/ischemia small gloms).



‘ Patterns of injury, Light Microscopy
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2" Classification, from Clinical syndromes to

Histology

A certain clinical syndrome may have different causes.
A certain disease may cause different symntoms/svndromes.

Heptinstall Pathology of the Kidney 7th Edition

TABLE 3.1 Clinical manifestations of renal disease

Non symptomatic proteinuria (non

Subnephrotic proteinuria
n e p h roti C r an g e) Nephrotic-range proteinuria
Nephrotie syndrome
Asymptomatic hematuria
1 Microhematuria
N e p h rOtI C Syn d ro m e Macrohematuria (gross hematuria)
Acute nephritis
. . Rapidly progressive glomerulonephritis
Non symptomatic hematuria.
Thrombotic mieroangiopathy
. Acute kidney mjury
Acute nephritic syndrome (acute GN)  ccrusine
Urinary tract infection
Urinary tract obstruction
R p I d Iy p g I G N Nephrolithiasis
a I ro re S S I Ve - Renal malformation/cysts

Renal tumor

C h . G N Renal transplant dysfunction
r O n I C L] TABLE 3.2 Native kidney diseases encountered in renal biopsy specimens from patients with medical renal native

kidney disease




Focal or Diffuse
Mesangioprolifertive

/ Glomerulonephritis \

Histologically Focal or Diffuse Focal or Diffuse
Normal == Proliferative or Necrotizing =3  Sclerosing
Glomeruli Glomerulonephritis Glomerulonephritis

P

Crescentic
Glomerulonephritis

Frequency in Biopsy Specimens

Asymptomatic Rapidly Chronic
Hematuria and/or Acute Progressive Nephritis
Proteinuria Nephritis Nephritis or ESRD

Spectrum of Clinical Manifestations

Jennette JC. UNC, Tutorial 2010




INTERRELATIONSHIP OF PATHOLOGIC
AND CLINICAL MANIFESTATIONS
OF GLOMERULAR INJURY

Some glomerular disease

may be mainly hematuric
NEPHROTIC SYNDROME or mainly proteinuric, but

MINIMAL CHANGE GLOMERULOPATHY :

MEMBRANOUS GLOMERULOPATHY there are dlseases than

FOCAL SEGMENTAL GLOMERULOSCLEROSIS can be both, covering the

MESANGIOPROLIFERATIVE GLOMERULOPATHY

MEMBRANOPROLIFERATIVE GLOMERULONEPHRITIS whole Spectrum of
PROLIFERATIVE GLOMERULONEPHRITIS manifestations.

ACUTE DIFFUSE PROLIFERATIVE GLOMERULONEPHRITIS

CRESCENTIC GLOMERULONEPHRITIS

NEPHRITIC SYNDROME

Jennette, UNC Differential diagnosis of glomerular
Neprhropatholgy, Tutorial 2010 diseases

SLE

Minimal
change Diabetic Post-streptococcal Anti-GBM
nephropathy nephropathy MCGN Jlomerulonephritis  disease

1 § FSGS DT g O

Membranous 5SS
nephropathy vasculitis

b
r
% S} ~ "\, . "
Amyloid K -_‘Jtﬁe-‘*@l;,._ i
[ RN o -9
5 - -~ o

Nephrotic Nephritic
Mechanism Mechanism

¢ Injury 10 podocytes Haomaturia ¢ Inflammation
e Changed architecture * Reactive cell

Scarring proliferation
Deposition of matrix
or other elements

Proteinuria * Breaks in GBM

* Crascent formation
Collexige et al: Davidson's Principles and Practice of Medicine, 21st Edition
Copyright © 2010 by Churchill Livingstone, an imprint of Elseviec Led. All nghts reserved



Asymptomatic Proteinuria (subnephrotic
range)
>200mg/24h, no hematuria.

Focal Segmental Glomerulosclerosis

o Can present with low proteinuria gradually increased,
especially in secondary forms (AH, obesity etc).

Mesangial Proliferative GN (microscopic hematuria can
also be seen)

Membranous glomerulopathy (unusual, membranous
usually manifests with nephrotic range proteinuria).



Nephrotic syndrome

: : other
Protelinuria >3,5g9/24h, edema, ; kil
- - PRy
hypoal buminemia. ~ RHHEES 1= diabetic glomerulosclerosis
Minimal change disease (usually no ssasarassssased membranoptolferative glomerulonephrit
hematuria). e prolferative glomerulonephriti
Focal segmental glomerulosclerosis revtegigeed. “mininalchenge glomenopery
(hem aturia can co exist). focal segmental glomerulosclerosls
membranous glomerulopathy

Membranous Glomerulopathy -PLA2R+.
Amyloidosis (lambda light chains in urine).
MPGN (low complement, active sediment)
Fibrillary GN

Amo Jennette, UNC
Neprhropatholgy, Tutorial 2010
Light chain oition disease (palsma cell : :

ght chain dep (P Age of patient is

dyscrasia). - helpful for the
Diabetic nephropathy (retinal involvement). gifferential diagnosis.




Nephrotic syndrome, variety of diseases, variety of patterns

= Heterogeneity.
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Causes:
1) «Podocytopathy».

2) Alterations in GBM
(thickening etc),and/or [ =
nodules in
mesangium.

3) Intraglomerular
Inflammation (in this
case, usually
microscopic
hematuria coexists).

Diabetic nephropathy Membranoproliferative GN




Microscopic hematuria (or reccurent hematuria), no
proteinuria (asymptomatic)

Red blood cells, can be A\ @ _
’ &) Dysmorphi
different in terms of @ @ - ysmorphnic

morphology, size, Acanthocytes

hemoglobulin content) @ @ @

Microscopic (>3 RBC per HPF)
Macroscopic v
Thin basement membrane ”'2.': '\\}
disease - Normal glomeruli. | e

IgA nephropathy — Mesangial ;‘- R
GN. PR




‘ Nephritic syndrome

= Hematuria of glomerular origin, Red blood casts.
= Proteinuria Ry e
= eGFR reduction, oligoanuria | G
= Hypertension

= Edema

Types:
= Acute glomerulonephritis
= Rapidly progressive glomerulonephritis




= Characterized by Endocapillary
proliferation and/or glomerular
crescents/fibrinoid necrosis.

Proliferative 1gA nephropathy

(4 IgA in the serum, previous infection of the upper Respiratory
Tract).

Proliferative classes of SLE (positive immunology, other organs
are affected, like skin, serosa etc).

Acute post infectious GN (antibodies against streptococcus,
Complement normalization into trimester).

C3 glomerulopathy/glomerulonephritis.
Membranoproliferative GN({C3, C4).
Fibrillary GN

ANCA vasculitis



‘ Rapidly
progressive GN

of baseline Cr.

Crescents, and/or fibrinoid necrosis, Red Blood cell casts.

o Pauci immune vasculitis (ANCA+, «pauci immune» IF).
o Anti-GBM disease, IgG+ linear in GBM.

o Immune complex GN, with granular IF, SLE, IgA, MPGN etc.




R @) o
= Red blood cells casts, Anticoagulant-related nephropathy: a case report and review
even if not associated with olfthle ?it%réfture.ofalz iﬁcrfasiflgty recognilzed entity
glomerular crescents or e i e Roper o st
necrosis, can result in
rapid deterioration of renal ' i b s o el
function and mimic
clinically vasculitis, while
there are no glomerular
crescents or necrosis,
biopsy is essential for
determining the cause and & "
= Anticoagulant drugs can = Red blood cell casts in a case
deteriorating more an IgA of IgA nephropathy, d.d.from

nephropathy. ANCA vasculitis.
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Hematuria +/-, proteinuria, increased Cr (CKD).
Cause detection can be difficult.

Global and segmental glomerular scarring, “FSGS” pattern of injury
(not the disease entity), fibrotic remnants of crescents can coexist.

For Proliferative GNs, sometimes, but not always, some proliferation
can be noticed.




Conclusions
Importance of morphological classification of glomerular
patterns of injury — correlation with clinical syndromes.

Disease distinction/diagnosis is made by IF (presence or
absence of Immune complex deposits, types etc) in associa-
tion with morphological patterns (Light Microscopy +EM).
Proliferation (types, subtypes, special patterns like MPGN)

Nodular glomerulosclerosis,

FSGS,

Lesions in GBM,

Special characteristics.

o O o0 0O O

Diagnosis: Combination of histology and clinical findings.

It iIs mandatory for the Pathologist to think like Clinician and for
Clinician to think like the Pathologist (“double” view) for a
thorough full examination.



Thank you




