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o Clinical history.
o Thin glomerular basement membrane by EM.
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Abstract

Hereditary nephritis (HN) and thin glomerular basement
membrane (GBM) lesion share a common clinical presenta-
tion of persistent hematuria, thin GBM by kidney biopsy elec-
tron microscopic examination, and a mutation in type IV col-
lagen. However, the clinical course and treatment for these
entities are different with varying patterns of heredity. Ultra-
structural examination of a renal biopsy specimen is essen-
tial for the morphologic diagnosis of HN and thin GBM lesion,
whereas light microscopy may only give limited diagnostic
clues. Additional workup including immunostaining for sub-
types of type IV collagen may provide further information on
underlying genetic mutations. The diagnosis of HN may lead
to treatment with renin-angiotensin system blockade in pa-
tients at risk of early-onset renal failure to delay progression
to end-stage renal disease. Additionally, patients with iso-
lated microscopic hematuria and thin GBM lesion are at in-

creased risk for chronic kidney disease when associated with
other comorbidities; those patients should receive regular
clinical assessment to prevent renal function decline.
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Introduction

Hereditary nephritis (HN), also known as Alport syn-
drome, is defined as a spectrum of disease caused by mu-
tations in genes encoding for type IV collagen and result-
ing in hematuria, progressive renal dysfunction with
eventual proteinuria, deafness, and vision changes. Thin
glomerular basement membrane (GBM) lesion (also
known as thin basement membrane disease, thin base-
ment membrane nephropathy, and benign familial he-
maturia) shares a clinical presentation of hematuria.
Many patients also are heterozygous for mutations in the
collagen IV gene (autosomal recessive). However, these
heterozygous patients with thin GBM lesion do not show
deafness or ocular changes. In the past, thin GBM lesion
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was not thought to lead to chronic kidney disease; a view
that has changed in modern days since disease progres-
sion and development of hypertension are now recog-
nized as long-term complications [1].

Pathophysiology

HN occurs as a result of a mutation in type IV collagen
involving subtypes alpha 3, alpha 4, or alpha 5. One or
more mutations result in a defective assembly of the alpha
3, 4, and 5 collagen IV heterotrimer that is essential for
the integrity of GBMs, eye lenses, and ear cochlea struc-
tures, and the corresponding functional properties at
these sites. The X-linked form of HN is the result of a mu-
tation in the COL4A5 gene, leading to abnormal or even
absent collagen IV alpha 5 chain. Autosomal forms of HN
are the result of a mutation in COL4A3 or COL4A4 re-
sulting in abnormal COL4 assembly and distortion of
GBM architecture [2-4].

Thin GBM lesion is most commonly the result of an au-
tosomal recessive COL4A3 or COL4A4 mutations. Of note,
thin GBM can also be an initial early finding in some pa-
tients developing Alport syndrome later on and in hetero-
zygote females with X-linked COL4A5 mutations [2-4].

Clinical Manifestations

Previous estimates indicated X-linked Alport accounts
for about 80% of Alport syndrome, autosomal recessive
Alport for about 15%, and autosomal dominant Alport
for the remainder of cases. Next generation sequencing
shows that autosomal dominant Alport is more frequent
than previously though; in 1 study this pattern was pres-
ent in up to ~30% of the families with suspected Alport
where a COL4 mutation was detected [5, 6]. X-linked Al-
port presents in infancy with hematuria in all the afflicted
males, and also in nearly all heterozygote females. Pro-
teinuria develops in the second decade due to the sclerosis
occurring in glomeruli with “Alport-changes” and may
present as nephrotic syndrome in some patients (30-
40%) during further disease progression. Some heterozy-
gote females may develop proteinuria in later stages.
Therefore, it is not surprising that COL4A mutations are
seen in some patients primarily presenting at the time of
biopsy with significant proteinuria and segmental glo-
merular tuft sclerosis [7]. It is important to note that such
patients do not have “conventional focal segmental glo-
merulosclerosis,” but rather a sclerosing hereditary glo-
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merulopathy/Alport disease characterized ultrastructur-
ally by typical GBM abnormalities. This patient cohort
underscores the need and significance of electron micros-
copy in the workup of renal biopsies. Alport syndrome
patients have sensorineural deafness (eventually in 90%
of males and 40% by age 40) and decreased visual acuity
(20% of males, rare in females but with increased occur-
rence by age 60) related to bilateral anterior lenticonus,
anterior polar cataract, retinal flecks, and retinal and iris
neovascularization. There is no specific treatment for HN
and patients progress to end-stage renal disease (all males
by age 60) [8, 9]. The patients receiving a transplant kid-
ney generally do well, as there is no recurrence of the dis-
ease in the allograft. However, in the kidney transplant
recipients, there is a rare occurrence (2-5%) of anti-GBM
antibody disease caused by a de novo antibody response
to new (and normal) GBM components in the allograft
kidney. Once Alport patients have experienced such anti-
GBM antibody disease in the transplant, this complica-
tion occurs in the subsequent transplants [10].

Thin GBM lesion presents with persistent microscop-
ic hematuria with intermittent macroscopic hematuria,
and generally has a benign clinical course when caused by
the heterozygous state of an autosomal COL4 mutation.
There is no specific treatment. The patients homozygous
or compound heterozygous for autosomal recessive, Al-
port may show some degree of the renal dysfunction in
early adulthood, accompanied in some patients by mod-
erate proteinuria [11]. The patients with autosomal dom-
inant Alport syndrome may show renal dysfunction in
adulthood [12]. Thin GBM may also be present in some
patients with loin pain hematuria syndrome, without any
known mutations described in this condition so far. These
patients also have increased risk factors for stones [13].

In patients with HN who are at risk for early-onset re-
nal failure, treatment with renin-angiotensin system
blockade can delay the onset of end-stage renal disease.
[14-16]. Also, the patients with isolated microscopic he-
maturia and thin GBM lesions are at risk for chronic kid-
ney disease especially in the setting of other comorbidi-
ties, such as hypertension. Those patients can benefit
from close monitoring to prevent progressive renal fail-
ure [1, 16].

Light Microscopy
HN in the very early stage is unremarkable by LM, al-

though there may be intratubular red blood cell casts in
few patients or the interstitial foam cells. In later stages of
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Fig. 1. X-linked Alport syndrome in a male patient with an un-
markable glomerulus and interstitial foam cells (arrow) (Periodic
acid-Schiff stain x200).

the disease, the interstitial foam cells are often conspicu-
ous. During further progression “chronic changes” be-
come more prominent with secondary global and seg-
mental glomerulosclerosis, increasing interstitial fibrosis,
and tubular atrophy (shown in Fig. 1, 2). Note: HN foam
cells are seen in patients without or only subnephrotic
range proteinuria, likely reflecting the long duration of
this lesser magnitude of proteinuria. In contrast, the foam
cells are often seen with other renal diseases associated
with nephrotic range proteinuria. Thin GBM lesion
shows unremarkable LM except for possible intratubular
red blood cell casts (shown in Fig. 3).

Immunofluorescence Microscopy

Immunofluorescence (or immunohistochemistry) for
collagen staining of the kidney biopsies can be used to
help distinguish potential genetic abnormalities underly-
ing an abnormal GBM ultrastructural appearance. The
pattern of staining for the COL4 alpha chain subtypes de-
pends upon the underlying gene mutation. Of note, col-
lagen staining may be normal in some instances with rare
mutations, such as some missense mutations. In HN, per
se immune complexes are not found, although occur-
rences of superimposed glomerulonephritis in addition
to Alport disease have been reported [17].

Alpha 1 or alpha 2 type IV collagen is used as a tissue
control, staining all the basement membranes. The nor-
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Fig. 2. Segmental adhesion and glomerulosclerosis (arrow) in a
male patient with X-linked Alport syndrome (Jones silver stain
x400).

Fig. 3. Unremarkable glomerulus by LM with thin GBM lesion by
EM (Jones silver stain x400). GBM, glomerular basement mem-
brane

mal immunofluorescence staining pattern for subtypes of
type IV collagen is continuous along glomerular and dis-
tal tubular basement membranes (containing collagen
type IV heterotrimer alpha 3, 4, and 5), and continuous
along Bowman’s capsule (containing collagen type IV
heterotrimer alpha 5, 5, and 6; shown in Fig. 4). X-linked
Alport males show absence of alpha 5 type collagen IV
staining with no glomerular basement membrane and
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Fig. 4. Normal pattern of staining for subtypes of type IV collagen.
Alpha 1 and alpha 2 type IV collagens are present in all basement
membranes. Alpha 3 type IV collagen is present in GBMs and focal
distal tubule basement membranes. Alpha 5 type IV collagen is
present in GBMs, Bowman’s capsule, and focal distal tubule base-
ment membranes (immunofluorescence, FITC-conjugated anti-

Bowman’s capsule or distal tubule staining (shown in
Fig. 5). Heterozygote females with X-linked Alport show
a mosaic discontinuous pattern of GBM staining for al-
pha 5 type collagen IV due to the Lyon effect, with normal
or mutated alleles activated in the individual cells (shown
in Fig. 6) [2, 8, 18].

Autosomal recessive Alport homozygous or com-
pound heterozygous male or female patients show the ab-
sence of glomerular basement membrane staining for al-
pha 3 and alpha 5 type IV collagen with maintained con-
tinuous Bowman’s capsule and tubular basement
membrane staining for alpha 5 type IV collagen staining,
due to the presence of the alpha 5, 5, and 6 heterotrimer,
not requiring intact alpha 3 or 4 for assembly at these lat-
ter sites (shown in Fig. 7). Autosomal dominant Alport
shows a normal pattern of staining for subtypes of type
IV collagen in the rare cases described and therefore, next
generation sequencing may be necessary to make this di-
agnosis.

The epidermal basement membrane contains the col-
lagen type IV heterotrimer alpha 5, 5, and 6. Therefore,
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alpha 1 type IV collagen x200, Texas Red-conjugated anti-alpha 2
type IV collagen, x400, FITC-conjugated anti-alpha 3 type IV col-
lagen %200, FITC-conjugated anti-alpha 5 type IV collagen x200,
FITC-conjugated anti-alpha 5 type IV collagen x400). GBMs, glo-
merular basement membranes.

staining for alpha 5 collagen type IV is useful in the diag-
nosis of X-linked Alport syndrome, but not useful for au-
tosomal forms because alpha 3 or 4 type IV collagens are
not expressed in the skin. Male X-linked Alport syndrome
patients show absent staining in the skin for alpha 5, while
females heterozygous for X-linked Alport show discon-
tinuous alpha 5 staining [2].

Previously, a commercial antibody kit from Wieslab
was most commonly used to detect alpha 3 and alpha 5
with alpha 1 staining as the tissue control. However, this
antibody set is no longer commercially available and cur-
rently often an antibody cocktail directed against
COL4A2 serves as the control, with additional detection
of alpha 5 type IV collagen [19]. In addition, diagnostic
genetic testing is rapidly evolving and costs are decreasing
to allow for specific detection of mutations associated
with HN. Heterozygous patients with autosomal reces-
sive Alport syndrome show thin GBM and normal pat-
tern staining for subtypes of type IV collagen and no im-
mune complex deposits by routine studies.
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Fig. 5. X-linked Alport syndrome pattern of staining for subtypes
of type IV collagen in a male patient. Alpha 1 and alpha 2 type IV
collagens are present in all basement membranes showing the tis-
sue is adequately preserved for these studies. Alpha 3 and alpha 5
type IV collagens are absent (immunofluorescence FITC-conju-

Electron Microscopy

GBM thickness increases with maturational growth,
and normal must therefore be compared to normal for
age. A diagnosis of thin GBM is generally accepted if
>50% of the lamina densa is thinner than what can be ex-
pected for the patient’s age. Of note: the thickness of the
GBM is also influenced by the tissue processing, includ-
ing the choice of fixative and embedding compound for
electron microscopy [17]. GBM thickness can only be as-
sessed by ultrastructural analysis, ideally on the glutaral-
dehyde-fixed tissue. The tissue salvaged for the electron
microscopy and reprocessed from formalin-fixed paraf-
fin-embedded tissue may be adequate for the detection of
electron-dense deposits and the degree of foot process ef-
facement. However, reprocessing of formalin-fixed and
paraffin-embedded tissue results in artifactual GBM thin-
ning and precludes accurate diagnosis of a thin GBM
(Fig. 8) [20]. In our laboratory with standard EM process-
ing, normal GBM thickness for a 1 year old is about 110
nm, and for a 7 year old is about 220 nm. For adults, nor-
mal ranges are 326 + 45 nm in adult women and 370 + 42

Hereditary Nephritis and Thin
Glomerular Basement Membrane

gated anti-alpha 1 type IV collagen x200, Texas Red-conjugated
anti-alpha 2 type IV collagen, X200, FITC-conjugated anti-alpha 3
type IV collagen x200, FITC-conjugated anti-alpha 5 type IV col-
lagen x200, FITC-conjugated anti-alpha 5 type IV collagen x200).

nm in adult men, with slightly varying ranges in different
series (Fig. 9). Thin GBM is considered when the GBM is
<250 nm in adults and <180 nm in children aged 2-11
years in greater than half of the extent of the GBM.
Several methods for measuring GBM thickness have
been used, including adding latex beads of known diam-
eter onto the tissue section, using a superimposed grid of
known dimensions onto an electron micrograph, using
the orthogonal intercept to calculate the harmonic mean
of the thickness, and measurement with a metric ruler
placed over an electron micrograph [17, 21]. With the ad-
vent of the digital camera, direct measurement of GBM
thickness has become the preferred method. Measure-
ments should be made from the endothelial cell mem-
brane closest to the GBM to the podocyte cell membrane
in peripheral loops in non-tangential cross sections. The
general consensus approach of measuring the GBM thick-
ness requires multiple representative measurements from
many peripheral capillary loops free from involvement by
other superimposed glomerular disease and calculating
the arithmetic or harmonic mean [17, 21]. Even at the
earliest stages of X-linked Alport syndrome, in patients
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alpha &

Fig. 6. X-linked Alport heterozygous affected female with mosaic
pattern of GBM staining for subtypes of type IV collagen. Alpha 1
and alpha 2 type IV collagens are present in all basement mem-
branes showing the tissue is adequately preserved for these studies.
Alpha 3 and alpha 5 type IV collagens show mosaic discontinuous
staining along GBMs and some Bowman’s capsules (immunofluo-

alpha §

rescence FITC-conjugated anti-alpha 1 type IV collagen x200,
Texas Red-conjugated anti-alpha 2 type IV collagen, x200, FITC-
conjugated anti-alpha 3 type IV collagen x400, FITC-conjugated
anti-alpha 5 type IV collagen x400, FITC-conjugated anti-alpha 5
type IV collagen x200). GBM, glomerular basement membrane.

Fig. 7. Autosomal recessive Alport pattern of staining for type IV
collagen in a male with absent alpha 5 in GBM but present in Bow-
man’s capsule (immunofluorescence FITC-conjugated anti-alpha
5 type IV collagen x400). GBM, glomerular basement membrane.
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Fig. 8. Deparaffinization of formalin-fixed paraffin-embedded tis-
sue for tissue salvage for EM causes artifactually thin GBM (trans-
mission electron microscopy x2,800). GBM, glomerular basement
membrane.
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Fig. 9. Normal GBM thickness for adult female (326 + 45 nm) (a, transmission electron
microscopy, x4,400) and male patient (370 + 42 nm) (b, transmission electron micros-

copy, x2,200). GBM, glomerular basement membrane.

Fig. 10. X-linked Alport syndrome in a fe-
male patient with diffusely thin GBM (~80
nm) (black arrows with largely intact foot
processes (red arrows) (transmission elec-
tron microscopy x4,400). GBM, glomeru-
lar basement membrane.

Fig. 11. X-linked Alport syndrome in a
male patient with segmental lamellation of
the GBM (thin areas ~90 nm, thickened la-
mellated areas ~500 nm) (black arrows)
with moderate foot process effacement
(red arrows) (transmission electron mi-
croscopy x4,400). GBM, glomerular base-
ment membrane.

Fig. 12. X-linked Alport syndrome in a het-
erozygous female patient with thin GBM
(segmental ~130 nm) with segmental bas-
ket-weave appearance (~400 nm) (arrows)
with limited foot process effacement
(transmission electron  microscopy
x7,100). GBM, glomerular basement mem-
brane.

Fig. 13. Autosomal recessive Alport syn-
drome in a male patient with segmental
mottling (~600 nm) (arrows) of the GBM

(transmission  electron = microscopy
x7,100). GBM, glomerular basement mem-
brane.

with autosomal forms of HN, and in those heterozygous
for AR gene mutations, thinning of the GBM/lamina den-
sa is a constant finding (shown in Fig. 10).

As HN progresses in male X-linked Alport patients and
afflicted autosomal patients, the GBM becomes irregular
with thin and thick segments and an irregular, multi-lam-

Hereditary Nephritis and Thin
Glomerular Basement Membrane

inated appearance often showing the so-called basket-
weaving (shown in Fig. 11-13). The basket-weave appear-
ance shows focal short fibrils of collagen at right angles to
the longitudinal axis of the GBM. Subepithelial and sub-
endothelial GBM scalloping can often be seen. Thin GBM
segments may be absent as the disease progresses with the
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Fig. 14. X-linked Alport syndrome in a
male patient with segmental thickened
GBM (~800 nm) with mottling and basket-
weave appearance (black arrow) and seg-
mental thin GBM (~ 130 nm) (white arrow)
with moderate foot process effacement
(transmission electron microscopy x7,100).
GBM, glomerular basement membrane.
Fig. 15. X-linked Alport syndrome in a
male patient with diffuse lamellation (black
arrows) and Dbasket-weave appearance
(~700 nm, thin areas ~130 nm) (white ar-
rows) of the GBM with moderate foot pro-
cess effacement (red arrows) (transmission
electron microscopy x2,200,00). GBM,
glomerular basement membrane.

Fig. 18. Patient with severe expansion of

Fig. 16. Patient with thin GBM lesion
(~100 nm) (black arrows) and segmental
expansion of lamina rara interna (~200 nm
in these areas) (red arrows) due to chronic
endothelial injury with largely intact foot
processes with normal type IV collagen
staining by IF (not shown) (transmission
electron microscopy x4,400). GBM, glo-

Fig. 17. Patient with thin GBM lesion
(~150 nm) and extensive mild expansion
of lamina rara interna (arrows) due to
chronic endothelial injury with normal
type IV collagen staining by IF (not shown)
with segmental foot process effacement

(transmission  electron  microscopy
%2,200). GBM, glomerular basement mem-

lamina rara interna (black arrows) and cel-
lular interposition (white asterisks) due to
chronic endothelial injury, so-called
chronic thrombotic microangiopathy, with
segmental foot process effacement (red ar-
rows) (transmission electron microscopy
%x3,500).

merular basement membrane. brane.

complete loss of the normal lamina densa and often with
associated extensive effacement of visceral epithelial foot
processes (shown in Fig. 14, 15). In some cases, partial vis-
ceral epithelial foot process effacement can occur with
GBM changes. EM findings for Alport syndrome are not
unique to a particular hereditary pattern; IF staining and/
or genetic studies as well as a detailed family history are
needed to elicit the underlying genetic abnormality.
There are several diseases with ultrastructural GBM
changes that can mimic Alport syndrome. All of these
have a normal IF staining pattern for type IV collagen. In
patients with Frasier syndrome the GBM is thin with split-
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ting and lamellation by EM. Frasier syndrome is caused by
mutations involving WT1 (Intron 9). It presents with
male pseudohermaphroditism, gonadal tumors, and pro-
gressive nephropathy. The patients show secondary focal
segmental glomerulosclerosis with nephrotic syndrome
usually in childhood [22]. In patients with Pierson syn-
drome, EM shows irregular, thick, and thin segments of
the GBM with lamellation on the subepithelial and/or
subendothelial sides. Pierson syndrome is caused by mu-
tation in LAMB2 encoding laminin beta 2 and presents
with nephrotic syndrome early in life, typically associated
with microcoria. However, some patients may show re-
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Fig. 19. Patient with chronic membranous
nephropathy and reabsorbed deposits (ar-
rows) that give the GBM a thick and thin
and mottled appearance (~350-400 nm
away from deposits) (transmission elec-
tron microscopy x3,500). GBM, glomeru-
lar basement membrane.

Fig.20. Adult male patient status post kidney
en bloc pediatric donor transplant from a
2-month-old infant with thin GBM (normal
for infant age ~100 nm, areas with interposi-
tion ~800 nm) with segmental early lamella-
tion, mottling and scalloping (arrows)
(transmission electron microscopy x8,900).
GBM, glomerular basement membrane.

nal-limited disease. By light microscopy, increased me-
sangial matrix and global glomerulosclerosis can be seen
[23, 24]. Nail-patella syndrome is caused by LMX1B mu-
tation, with associated nail, elbow, iliac horn, and patellar
abnormalities. Many patients also develop proteinuria in
the young adulthood. EM shows irregular thickening of
glomerular capillary walls with a moth-eaten appearance.
Special staining techniques unveil within the “moth-eat-
en” defects type III collagen bundles that may give rise to
a pattern of basket-weaving [25]. The defects and collagen
type III deposits are often noted within the lamina densa.
Diseases resulting from chronic endothelial injury, that is,
chronic thrombotic microangiopathy or transplant glo-
merulopathy, show primarily an expansion of the lamina
rara interna, but no abnormalities along the lamina densa
perse (shown in Fig. 16-18). Immune complex-mediated
glomerulonephritides with signs of resolution present
with foci of electron lucency within the capillary walls and
structural irregularities that can mimic HN (shown in
Fig. 19). However, usually a correct diagnosis of “glomer-
ulonephritis” can be rendered based on LM and IF find-
ings (including a normal staining pattern for collagen IV
subtypes), including IgA nephropathy associated with
thick, thin, and/or irregular GBMs. Pediatric (particularly
small infant) donor kidneys implanted into the adult re-
cipients can lead to glomerular injury, so-called size-mis-
match glomerulopathy or pediatric donor glomerulopa-
thy, caused by stress adaptation of the GBM (shown in
Fig.20). The ultrastructural appearance of a size mismatch
glomerulopathy mimics Alport disease; however, the
structural irregularities of the capillary walls, including
thickening, lamellations, and scalloping, affect the subep-
ithelial side of the GBM; the lamina densa typically re-
mains identifiable and intact (see HN) [26].

Hereditary Nephritis and Thin
Glomerular Basement Membrane

Thin GBM lesion is diagnosed when there is extensive
thinning of the GBM without other structural irregulari-
ties of the lamina densa. Thin basement membrane lesion
can in some cases represent a heterozygous state of Alport
gene mutations with incomplete penetrance or it might
be found in very early phases of HN.

Summary

Diagnosis of HN/thin GBM morphologically is most
optimally done by EM which shows characteristic find-
ings of thin and/or abnormal thickened segments with
basket-weaving. In some cases characteristic IF staining
patterns for alpha 5 type IV collagen can confirm the di-
agnosis of COL4 nephropathy. In other patients, next
generation sequencing may be necessary to diagnose the
specific etiology of the abnormal GBM.
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