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Learning objectives

Connect collagen IV a-chain defects to glomerular basement-membrane injury.
Differentiate classic and attenuated phenotypes across inheritance patterns.
Recognize the characteristic EM and collagen IV staining findings.

Explain why hematuria, proteinuria and progressive sclerosis develop.
Integrate renal findings with auditory, ocular and familial clues.




A clinical entry point

A school-aged patient has persistent glomerular hematuria; Several relatives have had
abnormal urinalyses.

What distinguishes an inherited GBM disorder from acquired glomerulonephritis?

e Family pattern can suggest a collagen IV-associated disease.
e Urinary findings alone do not establish the specific mechanism.
e Ultrastructure and collagen IV assessment can provide discriminating evidence.




Defining the Alport spectrum

e A heterogeneous group of familial renal disorders attributable to abnormal
basement-membrane components.

e Type IV collagen defects primarily injure the glomerular filtration barrier.

e The spectrum encompasses severe multisystem Alport syndrome and attenuated
hematuric phenotypes.

e Clinical course and morphology vary even within related families.




Why the term “spectrum” matters

Severe expression

Attenuated expression

Progressive nephropathy together with
hearing and ocular manifestations.

Familial microscopic hematuria, sometimes
with little early functional loss.

Morphologic continuum

Shared principle

From thin GBM to irregular multilamellation
and secondary sclerosis.

Variants converge on type IV collagen-
mediated matrix dysfunction.




The normal capillary wall is a filtration barrier

Glomerular endothelial fenestrations face the Schematic
capillary lumen.

The basement membrane supplies a collagen

IV-rich structural scaffold. Fenestrated capillary endothelium
Podocyte foot processes and slit diaphragms

complete the barrier.

A matrix defect can therefore affect epithelial GBM: Type IV collagen network

attachment and permeability.

Podocyte foot processes / slit diaphragms




Basement-membrane structure determines function

e The GBM has a central electron-dense lamina densa and flanking lighter zones.

e Type IV collagen forms a network to which other extracellular-matrix proteins
attach.

e The continuous GBM supports permeability selectivity and capillary-wall integrity.

e Ultrastructural examination can reveal injury before marked changes appear by light
microscopy.




Type IV collagen forms an interconnected scaffold

The matrix is a network, not a single Schematic
continuous collagen fiber.
Individual collagen IV molecules assemble

into higher-order structures. O ~ ~ O
. . . J ./ ./ S
Network integrity depends on correct a-chain
production and assembly.
Pathogenic variation can therefore alter the O O O O
organization of the GBM.
O O O O
O O O O

Native network schematic; Not molecular scale




The a3—a4—aS heterotrimer is central

The relevant glomerular collagen IV assembly Schematic
contains a3, a4 and a5 chains.

Disruption of any required constituent

compromises trimer assembly.

The i-ntf':\ct trimer contributes to the a3©—© > O—O
specialized mature GBM network.
This explains why different COL4-related 014<>_<>—C O_O

genes can converge on similar renal injury.

Three a chains form a heterotrimer




Molecular assembly links genotype to structure

oi-chain genes Chain production Trimer assembly GBM network
COL4-related DNA a3, a4 and a5 Collagen IV :
: Functional scaffold
sequence subunits protomers

Variants that impair production or assembly can disrupt the entire a3—a4—a5 network.




Abnormal assembly weakens network organization

Pathogenic changes interfere with assembly Schematic
of the collagen IV scaffold.

The GBM may thin, thicken irregularly or
develop splitting.

Compromised support makes podocytes O——O—0O O——O0—0O

Intact matrix Disrupted matrix

|

more vulnerable to injury. L

The primary lesion is structural, preceding ¢ ? ?

secondary glomerular scarring. O——O——0O O O
Oo—C0O——O o—0O——=0O

Conceptual structural comparison




Why kidney, cochlea and eye are atfected

Glomerulus Inner ear Eye

Matrix failure impairs the Cochlear basement-
filtration barrier - membrane involvement -
hematuria and progressive sensorineural hearing
renal injury. defects.

Collagen-dependent ocular
structures = lens, corneal
and other abnormalities.




Genes and collagen IV chain nomenclature

e The core affected network is built from the a3, a4 and a5 chains.

e The corresponding gene symbols are COL4A3, COL4A4 and COL4AS.

e COL4AS is X-linked; Defects affecting collagen IV can also yield autosomal
inheritance.

e Different gene defects converge on disruption of GBM architecture.




Different variant classes, common consequence

Missense Splice-site
An amino-acid substitution may interfere with Abnormal RNA processing may prevent proper
collagen organization. chain production.
Insertions / deletions Large deletions
Changes to coding sequence can impair Certain COL4AS deletions correlate with

collagen assembly. earlier renal failure in X-linked disease.




Genotype can influence severity

e Large COL4AS deletions with earlier ESRD in X-linked Alport syndrome.

e The precise clinical phenotype is not identical for every variant or family.

e A severe genotype—phenotype association does not establish an individual timeline.
e Family evaluation remains important despite the same broad diagnostic label.




How a primary GBM detect causes glomerular injury

Structural GBM Barrier .
Collagen IV defect . . Chronic response
| lesion | dysfunction |
Disordered Thin / split / Hematuria; Sclerosis and
assembly laminated matrix Podocyte stress declining function

A structural lesion can lead to the familiar downstream pathology of chronic glomerular
damage.




Podocyte vulnerability is mechanistically important

e Podocytes depend on stable interaction with the underlying GBM.

e Abnormal basement-membrane architecture can favor podocyte injury and
detachment.

e Podocyte loss helps explain secondary segmental glomerulosclerosis.

e The late lesion may be nonspecific even when the initiating disorder is inherited.




Hematuria is often the earliest renal signal

e Blood may be detectable microscopically or as visible urinary discoloration.
e Glomerular bleeding can be accompanied by red-cell casts.

e Patients may have hematuria while kidney function is still preserved.

e Persistent familial hematuria should not automatically be called benign.




Proteinuria commonly develops with progression

e Progressive barrier and podocyte dysfunction may increase urinary protein loss.
e Proteinuria can emerge after hematuria rather than at initial presentation.
e Mild or moderate proteinuria can occur in attenuated spectrum disorders.
e An overt nephrotic syndrome is described as uncommon in classic Alport syndrome.




Renal disease evolves beyond the original matrix defect

Initial disease Ongoing injury Chronic damage Loss of function
GBM structural Hematuria + Segmental / global Chronic kidney
abnormality proteinuria sclerosis failure

Morphologic progression explains why late-stage biopsy can appear less disease-specific.




X-linked disease is the predominant classic form

e X-linked inheritance in approximately 85% of classic Alport cases.

e The molecular defect involves COL4A5, which encodes the a5 chain.

e Males typically develop the more complete syndrome.

e Heterozygous females often present initially with hematuria rather than the full
constellation.




Sex-linked expression can produce different phenotypes

An affected male can develop progressive Schematic
kidney disease and extrarenal manifestations.
A heterozygous female may have a less severe

or subtler renal phenotype. -
Clinical variation does not imply an absence
of risk in female relatives.

O]

Family-history interpretation should include
Affected father: Daughters inherit the variant; Sons

both sexes.
do not inherit his X chromosome.

lllustrative pedigree; C = heterozygous




Interpreting an X-linked family history

e Look beyond the most severely affected male family members.

e Relatives with only persistent microscopic hematuria may also be part of the
pedigree.

e Mild urinary abnormalities can coexist with more severe disease in close relatives.

e A genetic pattern guides interpretation; It cannot replace phenotype and pathology.




Autosomal recessive Alport disease

Autosomal recessive forms are recognized Schematic
alongside X-linked Alport syndrome.
Males and females can express the complete

severe phenotype. @ -
Both parental lineages matter when

considering autosomal disease.

Clinical severity cannot be inferred solely

from the patient’s sex. O -

Two heterozygous parents can have an affected
child of either sex.

lllustrative pedigree; C = heterozygous




Autosomal dominant Alport disease

Autosomal dominant patterns also belong to Schematic
the Alport spectrum.
Affected males and females may show

comparable susceptibility.
Expression can be mild, including hematuria

and GBM attenuation.
Some individuals develop progressive
impairment and secondary FSGS.

Vertical transmission: Affected parent and child;
Either sex may be affected.

Illustrative pedigree; Filled symbol = affected




Inheritance patterns: What differs?

Pattern

X-linked
Autosomal

recessive

Autosomal
dominant

Typical renal phenotype What family assessment adds
Often severe in males; hematuria Look for differently affected male and
common in heterozygous females female relatives

Consider affected individuals of either

Full syndrome can occur in either sex cox

Often attenuated but sometimes Consider multigeneration familial
progressive hematuria




A heterozygous genotype is not necessarily harmless

e Heterozygous X-linked and autosomal disease in the spectrum.
e Mild initial hematuria does not exclude later proteinuria or functional decline.
e Some relatives with apparently attenuated variants develop severe disease.
e Risk assessment requires longitudinal follow-up and family counseling.




Disease severity varies along several axes

Molecular

Morphologic

Different genes and variant classes affect
assembly differently.

Attenuation alone versus splitting, lamination
and scarring.

Clinical

Familial

Isolated urinary abnormalities versus renal
decline and systemic signs.

Marked variability may exist among affected
relatives.




Electron microscopy reveals the core lesion

The fully developed disease has a Schematic
characteristic, though not exclusive, EM
pattern.

The GBM displays irregular, alternating
thickened and attenuated segments.

The lamina densa may split into several
layers. W

Ultrastructure can be highly informative when
early light microscopy is unrevealing.

Capillary lumen

Irregular thickening, thinning and lamellation

Schematic — not an electron micrograph




The intact lamina densa is a reference pattern

Normal GBM has a more even central Schematic
electron-dense zone.

Interpreting disease requires comparison with
an expected continuous membrane.

Electron microscopy allows direct assessment
of lamina densa architecture.

Matrix organization is distinct from routine
light-microscopic cellularity.

Capillary lumen

A continuous lamina densa

Schematic — not an electron micrograph




Alternating attenuation and thickening

Adjacent GBM regions can have markedly Schematic
different thicknesses.

Thin areas may coexist with thick, remodeled
membrane.

This heterogeneity is more informative than
diffuse thickening alone.

Uneven GBM remodeling is a clue to collagen W

Capillary lumen

IV structural disease.

Irregular thickening, thinning and lamellation

Schematic — not an electron micrograph




Splitting and lamellation of the lamina densa

The single electron-dense layer can become Schematic
divided into several layers.

Electron-lucent spaces may separate the split
layers.

The abnormal pattern reflects altered
basement-membrane architecture. \/\/
Assess the pattern with clinical and familial \/

evidence; It is not absolutely specific.

Capillary lumen

Irregular thickening, thinning and lamellation

Schematic — not an electron micrograph




The “basket-weave” pattern is a diagnostic clue

Pronounced multilamellation gives a Schematic
branching or woven appearance.
Classically described in fully developed
hereditary nephritis.

The same morphologic idea should not be
mistaken for an actual woven fiber image. \/\/
Robbins cautions that similar changes may \/

occur in other conditions.

Capillary lumen

Irregular thickening, thinning and lamellation

Schematic — not an electron micrograph




Tubular basement membranes may also change

e Collagen IV-associated defects are not restricted to capillary-loop GBM.

e Altered tubular basement membranes can accompany the glomerular lesion.
e This illustrates the broader tissue distribution of the affected matrix.

e Glomerular findings nonetheless dominate routine clinical presentation.




An attenuated phenotype can show primarily thin GBM

In milder heterozygous or dominant forms, Schematic
diffuse or segmental thinning is prominent.
The lamina densa may appear focal or
incompletely formed.

Marked lamellation may be absent in early or
attenuated disease.

An apparently mild ultrastructural pattern
does not guarantee a benign course.

Capillary lumen

Diffuse or segmental attenuation

Schematic — not an electron micrograph




GBM measurements contextualize thin lesions

Thin variants with GBM widths of Schematic
approximately 150-225 nm.

A typical healthy-adult comparison range is GBM thickness reported in the Robbins excerpt

300-400 nm.

Numerical thresholds must be interpreted Attenuated GBM (150-225 nm)
alongside method and patient context. -

Do not equate one measurement with the

entire molecular diagnosis. Healthy adults {300-400 nm)

0 100 200 300 400

Nanometers (nm); lllustrative intervals, not distributions




Thin GBM should be interpreted as a lesion

e Attenuation is a morphologic finding, not by itself a complete causal diagnosis.

e The relevant phenotype may extend from isolated familial hematuria to kidney
dysfunction.

e Genetic findings and family history help place a thin membrane within the
spectrum.

e Longitudinal clinical status remains relevant even if biopsy shows only thinning.




Light microscopy can be nearly normal early

Glomerular architecture often appears Schematic
unremarkable at early stages.

A normal-appearing LM biopsy does not
exclude Alport-spectrum disease.

EM may reveal GBM changes before
conventional morphologic scarring.
Choice and integration of diagnostic
modalities therefore matter.

Simplified glomerular cross-section




Focal segmental sclerosis develops secondarily

Focal means only some glomeruli are Schematic
involved.

Segmental means only part of an individual
glomerular tuft is scarred.

In Alport-spectrum disease, podocyte
vulnerability contributes to secondary FSGS.
Identifying inherited matrix disease changes
interpretation of an FSGS-pattern biopsy.

a O ®
SPNe

Simplified glomerular cross-section




Advanced disease can show global sclerosis

e Entire glomeruli may become globally sclerotic with progression.

e Focal segmental and global lesions can coexist.

e The advanced morphologic pattern reflects cumulative nephron loss.
e Late sclerosis is a consequence, not a substitute for the etiologic diagnosis.




The remaining kidney shows chronic-injury changes

Tubules Interstitium
Tubular atrophy develops alongside sustained Interstitial fibrosis accompanies declining renal
parenchymal injury. reserve.

Vessels Glomeruli
Vascular sclerosis may be present in advanced Segmental and global sclerosis add to

disease. functional nephron loss.




Morphology evolves across the disease course

Early Ultrastructural Established Late
LM may appear Thin / irregular Lamination + Glomerulosclerosis
normal GBM podocyte injury + fibrosis

These are a teaching sequence, not obligatory fixed stages for every patient.




Collagen 1V immunostaining can support diagnosis

In classic X-linked Alport syndrome, GBM Schematic
staining for a3, a4 and a5 may be absent.

The failure reflects disruption of the

assembled collagen IV network. Reference pattern

Collagen stains can be useful early or when ..
EM is unavailable.

An individual staining result should be
correlated with genetics and phenotype.

Classic X-linked

No chain staining in classic pattern

Less severe variant

Schematic staining patterns, not IHC images




Compare glomerular and tubular collagen staining

e Classic X-linked disease can lack a3, a4 and a5 signal in glomerular basement
membranes.

e Robbins also describes absent staining in tubular basement membranes.

e Concordance across structures supports a widespread collagen IV assembly defect.

e Interpretation is contextual: Attenuated variants need not share this complete-loss
pattern.




SKin biopsy offers an extra-renal clue

e Collagen IV a5 staining is normally detectable in relevant skin basement
membranes.

e Classic X-linked cases can show loss of a5 staining in skin.

e Skin assessment provides a complementary approach in selected circumstances.

e |t does not substitute for complete clinicopathologic interpretation.




Recognize limitations of collagen IV staining

e Complete a-chain loss is particularly useful for the classic X-linked phenotype.

e Milder inherited variants can produce subtler structural lesions.

e A nonclassic staining pattern cannot be treated as definitive proof against the
spectrum.

e Interpret positive or negative findings against EM appearance and inheritance.




A biopsy answers different questions at different scales

Method Primary finding Diagnostic contribution

Often early normal; late FSGS, global Characterizes downstream chronic

Light microscopy sclerosis and fibrosis injury

Electron Thin/thick GBM, lamina densa

. s : Reveals core matrix ultrastructure
microscopy splitting and lamellation

Altered a-chain localization / absence

: : Supports collagen network disturbance
in classic forms

Collagen IV staining




Urinalysis is a useful entry investigation

e Microscopic or gross hematuria is the commonest presenting sign.

e Red-cell casts reinforce glomerular origin of bleeding.

e Protein excretion can increase during the course.

e Urinary findings initiate investigation but cannot define the precise inherited defect.




Sensorineural hearing loss adds diagnostic weight

e Cochlear involvement explains the auditory phenotype.

e Hearing loss may be subtle rather than clinically obvious.

e Sensitive auditory evaluation may detect deficits missed by routine history.

e Absence of a reported hearing problem does not eliminate suspicion of milder
disease.




Ocular abnormalities provide additional clues

e Lens dislocation as one potential feature.

e Posterior cataracts and corneal dystrophy are also included.

e Ocular involvement links extrarenal phenotype to collagen IV-associated structures.
e Extrarenal findings should be integrated with renal and familial evidence.




Age of presentation reflects a progressive process

e Onset of symptoms from approximately 5 to 20 years.

e |n males with classic disease, overt renal failure is described between 20 and 50
years.

e These intervals summarize textbook cohorts and are not patient-level prognostic
rules.

e Attenuated forms may present much later or through routine urine testing.




Severity cannot be inferred from the triad alone

Kidney-first presentation Subtle extrarenal signs

Hematuria may precede hearing or ocular

findings. Auditory defects can require targeted testing.

Attenuated phenotypes High-risk relatives

Some individuals have renal-limited Family members with mild hematuria still
abnormalities. warrant attention.




The milder familial-hematuria phenotype

e Often first recognized during routine urine examination.

e Characterized by diffuse or segmental GBM attenuation.

e Mild or moderate proteinuria may accompany isolated hematuria.

e Renal function can remain normal or decline with chronic evolution.




Thin basement membrane nephropathy overlaps the spectrum

e Thin basement membrane nephropathy with a3 or a4 collagen IV gene defects.
e Autosomal inheritance, often with heterozygosity, is common.

e Thin GBM and familial hematuria can overlap with attenuated Alport forms.

e The spectrum formulation emphasizes genetic counseling and follow-up.




Compare severe and attenuated expressions

Dimension Classic severe Alport Attenuated spectrum
Initial presentation Hematuria in childhood / adolescence Familial hematuria; often incidental
Extrarenal signs Hearing and ocular abnormalities may occur May be absent or subtle
Electron i : :

. Irregular GBM, splitting, basket-weave Predominantly thin GBM
microscopy

Renal course Progressive proteinuria and chronic failure Variable; some progress to FSGS/failure




FSGS can be a late pattern of thin-GBM disease

e Some individuals with initially mild familial hematuria progress to renal impairment.
e Secondary FSGS may develop during this evolution.

e An FSGS diagnosis alone does not explain why the injury began.

e Family history and GBM ultrastructure can reveal collagen-related etiology.




Alport spectrum versus IgA nephropathy

Feature

Primary process

Characteristic EM

Immunostaining

Additional clues

Alport spectrum

Inherited collagen IV / GBM defect

GBM thinning, splitting / lamellation

Abnormal collagen IV a-chain pattern in
some forms

Familial hematuria; auditory / ocular
features

IgA nephropathy

Mesangial immune-complex injury

Electron-dense deposits mainly in mesangium

Mesangial IgA dominant deposition

May follow mucosal infection with episodic
hematuria




Why IgA findings differ mechanistically

e |gA nephropathy results from immune-complex deposition and mesangial response.

e Alport-spectrum disease begins with a structural collagen IV network defect.

e Mesangial IgA supports an IgA-mediated process; It does not establish a collagen IV
defect.

e Diagnostic microscopy must distinguish immune deposits from lamina densa
remodeling.




Integrating inherited hematuria evidence

Clinical suspicion Phenotypic clues Renal pathology Family synthesis
Persistent / familial Hearing / ocular LM + EM + collagen Inheritance +
hematuria findings stains follow-up

Teaching pathway for diagnostic reasoning; Not a formal guideline or genetic-test
algorithm.




Case discussion: Classical multisystem clues

A boy has recurrent microscopic hematuria, a family history of renal failure and mild
sensorineural hearing loss.

Which mechanism best unifies the findings?

e Atype IV collagen-related GBM assembly defect is a plausible unifying cause.
e EM would be informative for irregular GBM thickness and lamellation.
e A normal early LM examination would not refute the suspicion.




Case discussion: Attenuated familial hematuria

An adult has persistent microscopic hematuria, preserved kidney function and relatives
with similar urinalyses.

How should a thin-GBM finding be interpreted?

e Consider an attenuated collagen IV-associated spectrum phenotype.
e The lesion does not prove the future course is benign.
e |ntegrate family history, degree of proteinuria and longitudinal kidney function.




Case discussion: Advanced segmental sclerosis

A patient with familial hematuria has FSGS on light microscopy and GBM attenuation on
electron microscopy.

Is the sclerosis necessarily the primary disease?

e FSGS can be secondary to a collagen IV-associated GBM defect.
e Ultrastructure and family assessment help reveal the initiating lesion.
e Chronic scarring alone is insufficient to classify the genetic disorder.




Genetic counseling and follow-up are integral

e The spectrum comprises inherited disorders with differing transmission and
severity.

e |dentification of one affected person prompts careful assessment of relatives.

e Patients with hematuria-only phenotypes may still be at risk of progression.

e The textbook recommends genetic counseling and ongoing clinical surveillance.




Synthesis: Four findings to connect

Molecular Ultrastructural

Attenuation * irregular thickening and lamina

COL4-related a3—a4—a5 assembly disturbance. .
densa lamellation.

Clinical Familial

Hematuria progressing variably to proteinuria X-linked and autosomal phenotypes require
and renal failure. longitudinal assessment.




References and source boundaries

Robbins, Cotran & Kumar: Pathologic Basis of Disease, 11th ed. (2026), Chapter 20, “Alport Spectrum
Disorders.”

Chapter 20 discussion of the glomerular filtration barrier and type IV collagen.

Chapter 20 preceding IgA nephropathy section (differential discussion).

All ultrastructural and collagen-staining drawings in this deck are original schematics, not specimen images.
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