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This is a recounting of a scientific investigation into a mysterious
but potentially deadly disease that first came to light principally
in the Balkan states, and then several Asian countries. It manifests
itself first as a nephropathy resulting in the destruction of kidney
tissue often followed by a cancer of the upper urothelial tract.
Professors Arthur Grollman and Francis Johnson at Stony Brook
University have achieved a revolutionary understanding of the
molecular biology, epidemiology and root cause of both diseases.
Their findings have critical implications for medical and scientific
communities, as well as the general public.

A Rare Kidney Disease Endemic to the
Balkans
Within the region of the Balkans,
there is an unusual disease known as
Balkan endemic nephropathy (BEN).
People who live in this southeast area
of Europe have an unusually high risk
of developing chronic renal (kidney)
disease. It progresses slowly so that
only those aged 20 years old show
symptoms, but once it manifests
itself, the outcome can be disastrous.
Accompanying these symptoms
is an excess of protein in the urine
(proteinuria), which goes unnoticed
until sickness occurs and certain clinical
tests are done.
Often, people suffering from BEN will
develop tubulointerstitial fibrosis,
which is the accumulation of collagen
and other protein fibres in the spaces
between the cell membranes of the
kidneys’ tubules. Additionally, in the
advanced stages of the disease, the
kidneys shrink so dramatically that they

are only 2–3 cm across, compared to a
healthy 10–12 cm. Eventually, this leads
to renal failure and if renal dialysis is not
duly administered, BEN is universally
fatal. Adding even further to the burden
of this disease, half of the people who
have BEN also develop cancer. These
tend to be urothelial carcinomas of the
upper urinary tract (UUC).
One of the most unusual aspects of
BEN is its specific and unchanging
geographic distribution. It was first
described by a scientist in 1956 after
physicians in certain areas of Bulgaria
had noticed an abnormally high
prevalence of kidney disease. Following
a large study of residents, it was seen
that people in specific villages were at
very high risk. But more than that, it
could be seen running in families and
even within households. Health science
experts gathered through the World
Health Organization and eventually
named and classified Balkan endemic
nephropathy as a new disease.
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However, it was not until several years
later that theories for the cause of
BEN were propounded, studied and
confirmed. This has been the work of
Professors Arthur Grollman and Francis
Johnson in the Renaissance School
of Medicine at Stony Brook University
in New York, USA. Together, they have
conducted ground-breaking research
into the aetiology (cause) of BEN, and in
the process, discovered a vital link with
a similar disease in Asia.
Finding the Acidic Culprit of BEN
Professor Grollman’s initial interest was
sparked by a study of a group of healthy

Traditional Chinese medicines
Belgian women who had developed chronic kidney disease
with many requiring dialysis, transplantation and cancer care.
The factor linking them together was a slimming regimen
they all followed involving a mixture of Chinese herbs and the
disease was dubbed Chinese Herbs Nephropathy (CHN). One of
these plants was Aristolochia clematitis (A. clematitis). Studies
had shown that when the aristolochic acid within this plant is
ingested, it is metabolised into a product that eventually causes
cancer.
Picking up on the similarities between BEN and CHN, Professor
Grollman and his team set out to investigate the potential
links between A. clematitis and nephropathy. In Croatia,
they found that the plant commonly grew in crop fields, as it
was considered a harmless weed. Subsequently, traditional
wheat-harvesting and milling methods allowed the seeds of A.
clematitis to end up in the locally baked bread. The researchers
concluded that when a person ingests aristolochic acid through
their diet, and if they have a pre-existing genetic sensitivity,
they are at high risk of nephropathy and UUC. Importantly, they
determined that BEN and CHN are actually the same disease,
which they called Aristolochic Acid Nephropathy (AAN).

carcinogenic chemical, and this particular adduct is referred
to as AL-DNA. It provides a significant connection between
exposure to and ingestion of aristolochic acid and subsequent
kidney disease and cancer.
During Professor Grollman and Professor Johnson’s
investigations, they discovered unusually high levels of
AL-DNA adducts in the tissue of patients residing in areas
where nephropathy and UUC were endemic. Building on this
observation, the researchers explored how these adducts arise
and what their consequences are, on a molecular and genetic
level.
Professors Grollman and Johnson synthesised AL-DNA adducts
and introduced them into cells to see how they would be
processed by the cell’s machinery. Although this damage to the
DNA was mostly corrected by the cells themselves (a normal
cellular cancer-preventative measure), some was still processed
for replication. The new strands that were coded for by the
damaged DNA frequently contained A to T transversion, a
point mutation on DNA whereby an arginine base is incorrectly
replaced by a tyrosine base.

The DNA Mutations That Lead to BEN

Critically, the research team discovered that this mutation often
takes place on the gene, TP53. This is a tumour-suppressor
gene and the protein that is synthesised from it plays a vital
role in preventing the development of cancer. In healthy cells,
it achieves this by preventing the uncontrolled cell division
characteristic of cancer, but when it is mutated or missing, it
cannot fulfil its duties.

Metabolism of aristolochic acid results in a reactive
intermediate which reacts with DNA to create an adduct. The
latter is the name for a basic unit of DNA that is attached to a

These are fascinating findings because they demonstrated that
aristolochic acid is the disease-causing agent for both endemic
neuropathy and UUC and uncovered unique biomarkers of the

The next step in understanding AAN was to clarify how
aristolochic acid interacts with the body physiologically and
why this leads to severe health issues. To do this, Professors
Grollman and Johnson needed to draw on their chemicalbiology expertise.
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Illustration of the kidneys
disease. Biomarkers are biological measures or characteristics
that can reveal the state of a disease. In this case, the markers
are the AL-DNA adducts in the kidneys and the specific TP53
mutations induced by the metabolic products of aristolochic
acid and which can be measured.
Traditional Herbal Remedies Could Have Serious Health
Consequences
Professors Grollman and Johnson then utilised their new
biomarkers to understand how widespread globally the
nephropathy and UUC caused by aristolochic acid actually
was. Aristolochia plants have been used in traditional Chinese
medicines for thousands of years, with most people being
unaware of their toxicity. To investigate whether this was
causing an unrecognised global health issue, the researchers
selected the country with the highest incidence of chronic
kidney disease and UUC worldwide for further studies – namely,
Taiwan.
Aristolochia herbal medicines are commonly used in Taiwan
(and elsewhere in Asia), leading to an estimated one-third
of the country’s population ingesting large amounts of
aristolochic acid. They began a study to ascertain whether
Aristolochia in these traditional medicines was indeed the
culprit for the unusually high prevalence of kidney disease.
When the researchers tested patients with UUC, they
discovered over half of those with TP53 mutations showed the
biomarker A to T transversion in almost identical patterns to
the residents in the Balkans. Many of the patients also had ALDNA adducts in their kidneys.
This groundbreaking research conclusively revealed that the
extensive exposure to aristolochic acid in Taiwan had led to a
significant proportion of the nephropathies and UUC identified
there, solidifying the evidence that BEN, CHN and AAN are all

the same ailment. Professor Grollman notes that while this
finding is an important one, it is also a worrying one because
the damage done to the kidneys and renal DNA by aristolochic
acid is irreversible. As these effects only physically present
themselves decades after initial ingestion of the herb, banning
it in herbal medicines will not have an impact on the incidence
of AAN and UUC for at least 20 years, but should prevent further
cases from arising beyond this time period.
The extent of Aristolochia herbal medicine usage in mainland
China is similar to that in Taiwan, and Taiwan formerly
imported the herb from there. Professor Grollman estimates
that the thousands of tonnes of Aristolochia produced in China
each year could be sufficient to cause disease in 300 million
people residing within the country.
However, Taiwan is not the only country that imports the
traditional medicine, and around 10% of the Aristolochia
produced in China is exported around the globe to Chinese
ex-patriate populations, including that in the USA. The
continuation of using the herb as a remedy is putting hundreds
of thousands of people across the world at risk of chronic renal
disease and upper urothelial cancer.
The research of Professors Grollman and Johnson has
clearly shown that the ingestion of aristolochic acid,
whether intentionally or otherwise, has serious global
health implications. Their work has demonstrated that using
epidemiological approaches coupled with chemical biology
methods can produce novel and crucial findings for health.
They continue to build on their research as they study which
genes make a person more susceptible to aristolochic acidinduced diseases, how biomarkers can be put to use to predict
those most likely to become ill, and how their work can now be
utilised for global health interventions.
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