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Abstract

Both thin basement membrane nephropathy (TBMN) and autosomal dominant Alport syndrome (ADAS) are types of heredi-
tary nephritis resulting from heterozygous mutations in COL4A3 or COL4A4 genes. Although TBMN is characterized by
hematuria and thinning of the glomerular basement membrane (GBM) with excellent renal prognosis, some patients develop
end-stage renal disease (ESRD) later in life. In contrast, although AS is characterized by progressive nephropathy with lamel-
lation of the GBM, there are some patients diagnosed with ADAS from a family history of ESRD but who only suffer from
hematuria with GBM thinning. These findings indicate a limitation in distinction between TBMN and ADAS. Diagnosis of
AS is significant because it facilitates careful follow-up and early treatment, whereas diagnosis of TBMN can underestimate
the risk of ESRD. However, some experts are against using the term ADAS as the phenotypes of heterozygous variants vary
from no urinary abnormality to ESRD, even between family members with the same mutations, indicating that unknown
secondary factors may play a large role in the disease severity. These diagnostic difficulties result in significant confusion in
clinical settings. Moreover, recent studies revealed that the number of patients with chronic kidney disease caused by these
gene mutations is far higher than previously thought. The aim of this article is to review differing opinions regarding the
diagnosis of heterozygous COL4A3 or COL4A4 variants, and to highlight the importance for nephrologists to recognize this
disease, and the importance of the need to reclassify this disease to minimize the current confusion.
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Introduction

Thin basement membrane nephropathy (TBMN) and
Alport syndrome (AS) are common hereditary kidney
diseases caused by structural abnormalities in the type
IV collagen a-chains of glomerular basement membrane
(GBM) [1, 2]. The concept of two diseases was originally
proposed based on clinicopathological features. Most
individuals with TBMN present with hematuria, with or
without mild proteinuria, and normal renal function with
a diffuse thinning of the GBM. However, there are some
patients with TBMN that develop end-stage renal disease
(ESRD) in their later lives [3, 4]. In contrast, AS is defined
as progressive renal failure with irregular thickening and
lamellation of the GBM, accompanied by hearing loss and
ocular abnormalities [1]. However, some patients with AS
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show renal impairment with only GBM thinning without
lamellation, and lack of extrarenal manifestations [5-7].
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These findings indicated limitations in distinction between
TBMN and AS based on clinicopathological features.
After genetic analysis became available, it has been proven
that both TBMN and autosomal dominant AS (ADAS) are
caused by heterozygous mutations in either COL4A3 or
COL4A4 genes [5, 8]. Although ADAS was thought to
be an extremely rare disease and its disease concept was
unclear for a long time, recent studies clarified genetic,
clinical, and pathological features [6]. Furthermore, due to
the rapid development of comprehensive genetic analysis
technique using next-generation sequencing (NGS), it has
been revealed that the number of patients with chronic
kidney disease (CKD) caused by these gene mutations is
far higher than previously expected [9-12], resulting in
ongoing discussions regarding the diagnosis of this condi-
tion [13—17]. Here, we review the previous publications
regarding TBMN and ADAS and discuss the diagnosis of
cases with heterozygous COL4A3 or COL4A4 variants.

Changes in the concept of TBMN

TBMN is a common hereditary nephritis which affects at
least 1% of the population [2]. In the 1960s, several families
with isolated hematuria were reported as benign familial
hematuria (BFH) [18]. In 1973, thinning of the GBM by
electron microscopy (EM) was observed in BFH families
[19]. Whilst the authors stated that this condition could be
labeled “benign” only after prolonged observation, the term
“TBMN” has often been used synonymously with “BFH”
until recently.

After the 1980s, some researchers reported that cases of
TBMN were occasionally accompanied by severe protein-
uria [20] or development of ESRD [21]. However, it was
thought that proteinuria or renal dysfunction may be due
to other coincidental factors such as glomerulonephritis or
hypertension, rather than TBMN itself.

In 1994, Mochizuki et al. revealed that homozygous or
compound heterozygous mutations in COL4A3 or COL4A4
cause autosomal recessive AS (ARAS) [22]. Following
on from this, Lemmek et al. linked heterozygous COL4A4
mutation to TBMN patients [8]. Subsequently, several
groups confirmed that at least 40% of TBMN was caused
by heterozygous COL4A3 or COL4A4 mutations [2]. Con-
sequently, some researchers stated that “TBMN/BFH can
represent a carrier status of ARAS” [8].

In the late 2000s, researchers from Cyprus showed that
14-35% of TBMN patients with a heterozygous COL4A3
or COL4A4 gene mutation developed ESRD later in life,
accompanied by pathological findings of FSGS [3, 4, 23].
Therefore, they concluded that renal prognosis of TBMN
is not necessarily benign and that the term “BFH” is a
misnomer.
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Establishment of the concept of ADAS

AS is a hereditary nephritis caused by the mutation of
COL4A3/A4/A5 genes which encode a3/a4/aS5 chains of
type IV collagen. Approximately 80% of AS is X-linked
AS (XLAS) and typical male XLAS patients present with
hearing loss, hematuria and proteinuria in childhood,
which progresses to ESRD in the 2nd to 3rd decade of life
[1]. ARAS accounts for 15% and presents with similar
clinical phenotypes to male XLAS, with equal frequency
and severity in males and females [24]. In contrast, ADAS
accounts for < 5% and its disease concept has been unclear
until recently.

In 1927, Alport AC reported a family of hereditary
nephropathy accompanied by deafness, which was named
AS after his death in 1961 [25]. Whilst the mode of
inheritance was thought to be predominantly X-linked,
as males were more severely affected, some researchers
argued an autosomal dominant inheritance mode, as there
was a transmission from affected father to son [26]. In
late 1960s, characteristic changes in the GBM using EM
was observed [27]. Subsequently, Flinter et al. described
a diagnostic criteria based on clinical symptoms and the
appearance of GBM in 1988 [28], aiming to facilitate the
identification of classical AS, namely, XLAS.

In 1990, a mutation in COL4AS5 was detected in families
with XLAS [29] and subsequently a mutation in COL4A3
or COL4A4 was detected in families with ARAS [22]. At
that time, typical pattern of lack of a5 chains of type IV
collagen [a5 (IV)] by immunohistochemical (IHC) analy-
sis was reported in patients with XLAS and ARAS [30,
31]. Some researchers also reported positive staining for
a5 (IV) in patients with autosomal dominant inheritance
mode [32].

In 1997, Jefterson et al. provided the first evidence of
ADAS, identifying heterozygous mutation in COL4A3 in
a family from Northern Ireland [5]. Out of seven patients,
one male patient developed ESRD at 35 years accom-
panied by deafness. Kidney biopsies from four patients
showed irregular thickening of GBM. At that time, as
described above, Lemmik. et al. reported that heterozy-
gous mutation in COL4A3 or COL4A4 also causes TBMN/
BFH and that the same gene mutation either homozygosis
or compound heterozygosis can cause ARAS [8]. There-
fore, they stated that these gene mutations show various
spectra ranging from TBMN/BFH, ARAS, and ADAS [5,
8], leading to the proposal of the concept of “Type IV
collagen-related nephropathy”.

After the first report by Jefferson et al., other families
with ADAS were reported mostly from Europe [9, 33, 34].
However, since not all patients underwent kidney biopsy
and most patients did not have extrarenal manifestations,
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some experts questioned if all these patients should have
been diagnosed with ADAS. In 2016, Kamiyoshi et al.
reported genetic, clinical, and pathologic backgrounds of
ADAS, using the largest cohort of 72 patients from 16
families [6]. The median age at detection of proteinuria
was 17 years and 13% developed ESRD at the median age
of 70 years. Hearing loss and ocular abnormalities were
reported in 4% of the patients. Light microscopy of kidney
biopsies showed non-specific lesions including minor glo-
merular abnormality, mesangial proliferation, and FSGS.
IHC analysis of a5(IV) showed normal expression in all
patients. EM analysis showed 44% of the patients with
thinning, but without lamellation of the GBM. There-
fore, they concluded that it is difficult to make a definitive
diagnosis of ADAS based on clinicopathological findings
and genetic analysis is essential for an accurate diagno-
sis. Furthermore, even within one family, clinical sever-
ity differed significantly and some individuals developed
ESRD, whereas others showed no urinary abnormality.
No genotype—phenotype correlations were observed, and
no modifier genes were identified among the known podo-
cyte-related genes. These results established the concept
of ADAS, and also revealed that both “TBMN developing
ESRD” and “ADAS” are caused by COL4A3 or COL4A4
heterozygous mutations.

Due to the increased availability of NGS, the number of
reports of ADAS is rapidly increasing [9, 10, 34]. For exam-
ple, Yamamura et al. performed genetic analysis for 390
families with suspicion of AS and showed that XLLAS repre-
sented 74% of the cases, ARAS 9%, and ADAS 17%, which
was notably higher than previously reported [10]. However,
some experts still question the diagnosis of ADAS [14].

Discussion regarding the diagnosis of heterozygous
COL4A3 or COL4A4 gene variants

The diagnosis of patients with heterozygous mutations
in COL4A3 or COL4A4 is controversial [7, 13-17, 35],
resulting in confusion among nephrologists. This is pri-
marily because the phenotype of heterozygous COL4A3
or COL4A4 variants varies from no urinary abnormality,
to isolated hematuria, to ESRD. In addition, these patients
are given various diagnostic terms based on clinical, patho-
logical, genetic, and etiological features (Fig. 1). Besides the
diagnostic terms “TBMN”, “BFH”, and “ADAS” described
previously, some patients are classified as “dual diagnosis
of FSGS and TBMN” or are even mistaken as “familial
FSGS”, when FSGS is pathologically proven [36]. Also,
some researchers use the term “Autosomal dominant later-
onset Alport-related nephropathy” [35], or “Autosomal dom-
inant collagen I'V-related nephropathy” [37]. As the report
of patients with heterozygous COL4A3 or COL4A4 variants
rapidly increases, there are ongoing discussions between the

Heterozygous COL4A3 or COL4A4 variants: i’
Hematuria Proteinuria ESRD

Clinical BFH
diagnosis [ TBMN progressing to ESRD |
Pathological TBMN | TBMN+FSGS |
diagnosis
| ADAS |
Etiological ‘ Autosomal dominant later-onset
/genetic Alport-related nephropathy
diagnosis | Autosomal dominant Type IV collagen nephropathy |

| Carrier state of ARAS |

R
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Fig.1 The phenotype of heterozygous COL4A3 or COL4A4 gene
variants is widely varied and they have been given various diagnos-
tic terms based on clinical, pathological, genetic, and etiological fea-
tures, resulting in confusion in diagnosis. Some experts recommend
that we classify them as ADAS, so that we do not miss the opportu-
nity to start treatment to delay progression into ESRD

experts regarding the diagnosis of this condition [7, 13—17,
35].

Currently, many researchers believe that the term
“TBMN?” is not appropriate to describe this condition. This
is because “TBMN” is a purely pathological description and
implies good clinical outcomes because the term “TBMN”
has been used synonymously with “BFH” for a long period.
However, renal prognosis for these cases is unpredictable,
unless clinicopathological features are observed for a long
period. It must also be noted that pathological TBMN can be
found in young patients with AS in any inheritance mode [6,
38]. Therefore, some experts insist that diagnosis of TBMN
may underestimate the risk of ESRD and deprive these
patients of the early treatment.

The diagnostic term ADAS is controversial. Some experts
do not accept using the term ADAS [13-15]. This is because
most individuals with heterozygous COL4A3 or COL4A4
mutations show only hematuria with GBM thinning with-
out progressive renal dysfunction and deafness, nor ocular
abnormalities. Therefore, it is considered that these indi-
viduals do not fulfill the criteria for AS, and they believe
that diagnosis of ADAS will increase anxiety in individu-
als who actually have low risks of ESRD. Furthermore, the
term autosomal dominant implies that half of the affected
individuals’ offspring develop AS and ESRD; however, this
is not true in heterozygous cases. Actually, even between
individuals in a family with the same variants, some family
members develop ESRD while some are carriers without
any urinary abnormalities. Therefore, they insist that kidney
dysfunction might be explained by secondary factors such
as modifier genes, coincidental other renal diseases, or other
acquired factors including hypertension, diabetes, and obe-
sity [2, 14, 23, 35]. However, to date, how these factors influ-
ence patients with ADAS remains largely unknown. Further-
more, they also stated that ADAS should not be used for the
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carrier status of ARAS because it is not consistent with the
practice for other hereditary diseases. For example, in cases
with polycystic kidney disease (PKD), ADPKD is caused by
the mutations in PKDI or PKD?2 genes, whereas ARPKD
is caused by mutations in PKHDI gene. Thus, ADPKD
and ARPKD are independent diseases. On the other hand,
ADAS and ARAS are caused by mutations in the same genes
and they are not completely independent diseases. In other
words, when both parents have heterozygous COL4A3 or
COLA4A4 variants, some of their children can develop ARAS
and there can be both patients with ADAS and ARAS in
the same families. These relationships between ADAS and
ARAS are different from other genetic diseases including
PKD. In general, carrier status of “autosomal recessive”
diseases are not diagnosed as “autosomal dominant” dis-
eases. Therefore, some experts insist that diagnostic term
ADAS will cause confusion in clinical settings. Although
they recognize that TBMN is not a satisfactory term, they
continue to use this term as it is already commonly accepted
worldwide [14, 15].

In contrast, many experts recommend the use of the
term ADAS in patients with at least hematuria. Since this
condition is caused by heterozygous mutations in COL4A3
or COL4A4 and is transmitted in an autosomal dominant
fashion, these experts believe that these patients should
be diagnosed with ADAS. Although it progresses slower
compared to XLAS or ARAS, some patients with ADAS
still develop ESRD. Consequently, they insist that diag-
nosis of ADAS will increase the number of patients who
will receive appropriate monitoring and treatment. Of note,
some experts have recently proposed a new classification
for AS and have stated that individuals with heterozygous
mutations in COL4A3 or COL4A4 should be classified as
ADAS, including patients previously diagnosed as TBMN/
BFH [17]. Adding to the confusion among nephrologists,
however, is that other experts insist that it is preferable to
wait for a full understanding of the factors determining renal
prognosis before changing terminology [14, 15].

For most nephrologists, especially in adult section who
are not currently familiar with this condition, it is difficult to
accept the current complicated situation regarding the diag-
nosis of this condition. For example, there are some patients
who are diagnosed as TBMN at a young age; however, this
diagnosis is replaced by ADAS after kidney dysfunction
becomes evident later in life. In such cases, it is difficult to
determine when patients are TBMN and from when they are
ADAS. Therefore, we are very hopeful that there soon will
be a consensus with a simple and easy-to-follow classifica-
tion. From nephrologists’ perspective, we believe that diag-
nostic term ADAS is significant as most nephrologists still
have a strong fixed idea that “TBMN is benign”, misleading
our clinical practice. On the other hand, diagnosis of ADAS
allows us to follow up these patients carefully. Therefore, we
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suggest that the common term “ADAS” is used for all cases
with heterozygous mutation for COL4A3 or COL4A4 with
urine abnormality.

Importance for nephrologists to recognize patients
with heterozygous COL4A3 or COL4A4 variants

It is important for nephrologists to recognize this disease
and current confusion in diagnosis. We recently reported
that 69% of cases with adult nephritis accompanied by GBM
thinning or thickening who were unable to receive accurate
diagnosis clinicopathologically were diagnosed as ADAS by
genetic analysis [12]. Furthermore, in a recent paper with a
large cohort, COL4A3 or COL4A4 gene variants contributed
to 16% of 312 cases with CKD [11]. These findings indicate
the existence of many undiagnosed patients with ADAS.
This is because diagnosis of ADAS is difficult as they lack
typical features for AS. Therefore, it is important for neph-
rologists to recognize this condition and perform genetic
analysis for appropriate patients.

Although the indication of genetic analysis is different
between countries, NGS before invasive tissue biopsy is
already available in several countries. However, genetic
testing is still generally not performed when patients
and family members present with only hematuria. This
is because genetic tests for cases with isolated hematuria
can increase anxiety in individuals who actually have low
risk of ESRD and also increase medical costs. Therefore,
indication of genetic tests should be considered carefully.
Currently, genetic analysis is recommended when patients
have hematuria with a family history of kidney dysfunc-
tion, or when patients have mild to moderate proteinuria
or kidney dysfunction, with a family history of hematuria.
In sporadic cases, genetic analysis is recommended when
kidney biopsy showed GBM thinning and/or lamellation. It
is true, however, that it is still common to perform kidney
biopsy prior to genetic analysis in patients suspected of
having ADAS, due to a lack of recognition of this condi-
tion. In fact, there are many patients with AS who are
misdiagnosed with FSGS, non-immunoglobulin A (IgA)
mesangial proliferative glomerulonephritis, or even famil-
ial IgA nephropathy [36, 39], resulting in unnecessary kid-
ney biopsies or immunosuppressive therapies. Therefore,
it is important to consider genetic analysis in patients with
glomerulonephritis accompanied by GBM thinning and/
or lamellation, or even in patients diagnosed with FSGS
or IgA nephropathy but are resistant to conventional treat-
ments or with a familial history of hematuria or ESRD.
It should also be noted that conditions regarding genetic
test for AS are different between countries. For example,
it is covered by health insurance in Australia. In the US,
sponsored, no-charge genetic testing is performed. On the
other hand, it is conducted under laboratory study levels in
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Japan, Korea, Germany, and many other countries. There-
fore, there is still a need to improve genetic testing systems
to be widely used as a diagnostic tool to make accurate
diagnosis of these cases.

Diagnosis of ADAS is significant because it facilitates
careful follow-up and early treatment. Recent large retro-
spective studies reported that the treatment with angio-
tensin-converting enzyme inhibitors (ACEIs) delayed the
progression into ESRD, even in cases of male XLAS or
ARAS (40). Consequently, it is expected that treatment
with ACEIs will be even more effective in delaying the
progression of ESRD in ADAS patients, who have milder
phenotypes compared to male XLAS or ARAS. Therefore,
individuals and their family members with heterozygous
COL4A3 or COL4A4 gene variants, even when they have
only isolated hematuria, require annual monitoring of
blood pressure, urine protein excretion, and renal func-
tion. When proteinuria or hypertension is detected, treat-
ment with renin—angiotensin system inhibitors should
commence immediately [13, 17]. It is also true that health
checkup system is different between countries. However,
even in countries where annual checkup is not easily
available, it is recommended to follow these patients at
least once per year, if possible. We also have to note that
some new medicines have initiated clinical trials, such as
bardoxolone methyl (Phase II/III) and RG-012 (effect on
microRNA-21 interference, Phase II) [7, 16]. These novel
therapies for AS, including ADAS, might change future
treatment options.

Conclusion

Currently, the diagnosis of heterozygous COL4A3 or
COL4A4 gene variants is complicated. We believe that
the diagnosis of ADAS is significant because it facilitates
careful follow-up and early treatment and hope that clas-
sification of these conditions will be simplified soon. It is
important for nephrologists to understand current confu-
sion in diagnosis and the existence of many undiagnosed
patients, and to perform genetic analysis for appropriate
patients so that adequate treatment can be provided to
delay the decline of renal function.
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