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NET  CLOSES  AROUND  BONE  DISEASE  OF  URK

By  Elmar  Veerman

During the search for a remedy against decalcification of bone (osteoporosis), a British biotechnology company discovered the fault in the genes of a few families from Urk, in whom a very rare condition, Van Buchem disease, occurs.  Patients who suffer from this condition have a large piece of DNA missing.  This did not really benefit the company, but for the families of Urk it has the benefit that they can now have genetic tests.

Van Buchem disease is caused by lacking

a huge piece of DNA.

The body continuously forms new bone, breaks it down and remodels it.  In Van Buchem disease the building of bone occurs faster, with the result that the bones become abnormally thick and dense.

Translated from Dutch by

Dr Herman Hamersma, M.D., Otologist, Florida Park,  South Africa.

E-mail: hamersma@global.co.za
Urk used to be a small island in the Zuiderzee.  At present it is a coastal town of the Noordoostpolder, but the inhabitants still regard themselves more as islanders than part of the province Flevoland.  The isolation of many centuries has consequences, also in the genes.  Because of intermarriage, the inhabitants of Urk share many inherited characteristics, resulting in bigger chances for inherited disorders.

Van Buchem disease is a typical disease of Urk.  The problem in this disorder is that bone is made at a faster rate than it is being broken down*, and through the years the bones of the body become thicker. The first symptoms usually present as paralysis of facial muscles and reduced hearing, caused by pressure of bone on the nerves**.  About 35 patients have been identified , all of them having ancestors from Urk***.  Up till now it was not possible tot test for Van Buchem disease during pregnancy.  This has now changed, because of a byproduct of the commercial research.  The story has its beginning in South Africa.

SKELETAL  BONES  BECOME  THICKER

In South Africa a very similar bone disorder, sclerosteosis, occur amongst the Afrikaners (white farmers of Dutch origin).  The bones also become thicker, and similar symptoms to Van Buchem disease occur, but they are more severe.  The patients have prominent lower jaws, similar to Van Buchem disease) but they are tall, and the index and middle fingers are sometimes joined, in which case the nails of these fingers are under developed.  The Afrikaner patients probably have a common ancestor who emigrated from Holland in the seventeenth century.  Five years ago the disorder amongst the Afrikaners came to the notice of Chiroscience, a company which develops new medicines and antibodies* (next page).

*H.H. - Bone tissue is not static tissue but is very much alive.  The body is always busy forming new bone by means of cells called osteoblasts, and then remodelling it again by means of cells called osteoclasts, which can break down the bone. 

 **H.H. -  The paralysis of one half of the face usually occurs in early childhood.  The symptoms are similar to an attack of Bell’s palsy, (an acute paralysis caused by the HSV-1 virus),  but without any disturbance of taste, which is pathognomonic of Bell’s palsy.  The paralysis lasts for 3 months and then recovers partially.  Subsequent attacks can occur on the same side or on the other side.  The hearing loss is a conductive hearing loss which comes on gradually, caused by bone growth which decreases the size of the middle ear space, and then interferes with movement of the three little hearing bones.  Eventually a sensorineural component occurs due to obliteration of both oval and round windows. 

***H.H. - Incorrect – Less than 30 confirmed cases of Van Buchem disease have been described in the world literature: 22 are from Holland, and only 14 are from Urk.  The patients were interviewed by H.H. on four occasions (1974 – 1999) and the non-Urk patients denied any ancestral links with Urk

The aim was to locate the faulty gene, and then try and find the mechanism which leads to the excessive bone growth.

“Osteoporosis (excessive bone decalcification) is an enormous problem, especially in the western world.  Medicines to halt bone absorption already exist, but any bone tissue which is lost can never be regained.  In the case of sclerosteosis, the bone formation continues lifelong.  We argued as follows:  if you could discover how this continued bone formation is brought about, you may be able to develop a method to rebuild lost bone.  In this way we would be into a multibillion market.”

*H.H.  The contact with Prof Beighton, head of the Dept Human Genetics of Cape Town University, was made in 1996. In August 1966 Dr Jessica Gardner, PhD student, took blood from families in South Africa to Darwin Molecular Biology Laboratory in Seattle.  Within two months the gene was located on chromosome 17 but not published immediately to allow Darwin (now called Celltech Chiroscience) to patent  the gene - for the patent application the characterization of the gene had to be completed first. A comprehensive manuscript on the sclerosteosis gene has been submitted to a human genetics journal and will be published early in 2001.

     Sclerosteosis and Van Buchem disease are autosomal recessive disorders, so that the statement of one ancestor from Holland should probably be changed to unaffected ancestors (i.e. carriers of the gene). In South Africa 62 patients with sclerosteosis have been identified since 1936 (27 still alive), a few of whom look very much like the Van Buchem patients.  In the rest of the world approximately 20 cases have been published: from Italy (2), USA (8), Brazil (2), Germany (1), Egypt (1), Japan (1), Senegal (2), and Spain (1).  Four cases in the USA had direct Italian ancestry, and another four had Irish, Negro and Piskatawan Indian ancestry (the latter a genetic isolate in Maryland).  The two cases from Brazil had links to Dutch settlers.  

           The Dutch settlement in the Cape was founded in 1652 by the Dutch East India Company, and conquered by the British in 1806.  The Dutch company, being a commercial venture, did not encourage immigration to the Cape, with the result that  immigration was limited up to the end of the eighteenth century (people from Europe preferred North America). Intermarriage was infrequent, but because of the limited immigration, the settlers (later called Afrikaners) actually became a genetic isolate.   In a genetic isolate, even the rarest  genes have a bigger chance of coming to expression when persons, each of them carrying one gene, have offspring (25% chance of an affected individual with each pregnancy, 50% chance of producing a carrier, and 25% chance of having a child without this gene).   The Afrikaner community up to 1800 had ancestral links with Holland, Germany and France (Huguenots).  

            Beighton and Hamersma compared the syndromic status of Sclerosteosis and Van Buchem disease in 1984 (Clinical Genetics 25:175-181) and concluded that “it seems likely that these two recessive disorders result from homozygosity of the same faulty genes. The phenotypic variation may be due to the epistatic effect of modifying genes in the Afrikaner population.”   The location of the Van Buchem gene on chromosome 17 by Van Hul et al in 1998, and their confirmation in 1999 of the location of the sclerosteosis gene also on chromosome 17, contribute to the research on determining the difference between the genes of these two conditions.

CUT WITH A SCYTHE

Sclerosteosis is an autosomal recessive inherited disorder, and only occurs if the patient inherits an abnormal gene from each of the parents (the parents do not have the disease but each carry a single gene).  The continued bone growth results in the skeleton of the affected individuals being two to three times heavier than normal.  Latham: “An elderly farmer accidentally cut his foot with a scythe.  The scythe broke but the bones of his foot remained intact.”   Persons who are carriers of one gene, also have increased bone growth (usually 50% more than normal), but have no symptoms of the disease.  There are no indications that the carriers of Van Buchem disease have bones with increased density. 

Thorough research of the DNA in 22 South African families with  sclerosteosis revealed the location of the gene defect on chromosome 17.  It became clear that a very small fault in that area (a so-called point mutation) was the cause that a small protein could not be made. This protein is probably the brake which is necessary to prevent overgrowth of bone.  In people suffering from osteoporosis it may therefore be possible to increase bone density if this protein can be made ineffective.  Latham expects that, by employing this mechanism, the company will be able to develop a therapy for osteoporosis.  When?  “It will take at least seven years before the therapy can be available to patients,” he remarked.  Asked about the exact state of affairs, he would not comment. 

NOT RELATED TO EACH OTHER

In order to get more information on the gene of sclerosteosis, Chiroscience proceeded to investigate patients with similar conditions to the sclerosteosis occurring in South Africa.  In this way they focused on the patients in Urk, i.e. Dutch patients just like the forefathers of the South African sclerosteosis patients*.  It could be expected that the molecular basis of the two conditions would be very similar.  This was not the case: the area on chromosome 17, where the Afrikaners had a small fault, was normal in the patients from Urk.  However, a little further on in the chromosome something was different:  a piece the size of 50,000 base pares was missing!

“Probably this area consists of mostly unimportant DNA, but a specific area could exist here somewhere which could be involved with the reading of the other gene”, according to Latham.  “Our company is not interested in exploring this any further, but in the meantime we have developed, as a byproduct, a simplified test with which the Urk mutation can be detected.  We now offer this test to all families in whom Van Buchem disease occurs.  

*H.H. – Dr Hamersma saw the Dutch patients suffering from Van Buchem disease during  visits to Holland in 1974, 1979 and 1983. When the Chiroscience genetic research needed more detail, Dr Hamersma was requested to negotiate with the patients and their family physicians for the collection of  blood for detailed studies with the view to the therapy for osteoporosis. 

This is not done to earn money, but is a gesture of goodwill.  After all, these families helped us with our research.  For this test the LUMC is the ideal partner, because they delivered important contributions for this investigation”.

SCREENING  OF  PATIENTS

Last month Latham and his colleague Litton conducted discussions with the Clinical Genetics Centre.  This meeting was arranged by Dr Clemens Löwik, cell biologist and head of the research laboratory of the Department Endocrinology, who had been working with the company on this project for many years.

Löwik:  “We have been busy working on the function and regulation of this protein for the past year.  This is an extremely important discovery.  Its scientific significance lies in improving our knowledge of how bone is made.  Already at the start of the investigation of the DNA-defect, we agreed that we should also develop a test for carriers of the disease (enquiries had been received from Urk and other areas).  Celltech-Chiroscience would now like to fulfill this undertaking, and they also donated money for financing the project.  The latter my not be required, because healthcare funders usually pay for such tests.  But it is necessary to get permission for the tests, because Celltech-Chiroscience owns the patent rights of the tests.”

Prof. dr. Martijn Breuning and Dr Bert Bakker of the clinical Genetic Centre of Leiden are enthusiastic about the proposal of the British company.  Their centre has experience with projects for small communities, and will set up a test program.  Breuning:  “You must see to it that such a test is accessible, but it must be voluntary, without any intrusion of privacy.  We will probably send letters to all members of the families inviting them to be tested. When the test will be available is not known yet, but it should be available within a few months.”
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Van Buchem disease and Sclerosteosis, two disorders of  excessive bone formation,

have a Dutch  origin

The  bony  tissue  is  too  strong, and  unbreakable,i.e.,

they  are  mirror  images of  osteoporosis

A  genetic  test for  both  conditions

will soon be  available

Imagine that the bony tissue of your body does not stop growing at puberty.  Eventually the bones become so big that it results in serious, visible deformities.  Fortunately only few people have this destiny. In the whole world approximately thirty people suffer from Van Buchem’s disease, and fifteen of them live in Urk.  An aggressive variant, called sclerosteosis, occurs in Afrikaners, i.e., people with a Dutch ancestry (62 cases have been discovered so far).  

In both these disorders, the bone continues growing for the whole lifespan.  This results in the bones becoming extremely strong, and they seldom fracture.  Although the structure of the bone is normal, the surface appears pock-marked.   

The story of Van Buchem disease starts in 1637.  The plague decimated the population of Urk, and only 151 persons remained.  From these isolated people the present population of Urk developed, and,  approximately 10 generations ago,  the autosomal recessive Van Buchem disease also  originated.  In the middle of the previous century, professor Van Buchem,  professor of internal medicine at Groningen university, by chance came into contact with the patients of Urk.  In 1955 he (and his co-workers) published the syndrome of hyperostosis corticalis generalisata, which eventually became known as Van Buchem disease.    

“The disease affects the bones of the skull, the jaw and the hands to the greatest extent”, according to Peter Hildering, family physician in Urk.  He has a number of these patients in his practice.  Hildering: “Usually the first sign of the disease is a change in the shape of the head, which becomes   noticeable between ages ten and twenty.  Eventually the weight of the skull becomes three times that of a normal skull.  What is more distressing, however, is the fact that the openings in the skull, through which the cranial nerves have to pass to get to the structures outside the skull, become narrow and then the nerves are compressed.  No real treatment for the disease exists.  We can only react to the misery caused by the disease.”    

As soon as these serious complications occur,  Dr Frederik Dikkers, Ear, Nose and Throat specialist of Groningen, takes care of the patients:  “They often consult me because of reduced hearing.  The increased bone growth interferes with the movement of the hearing bones, resulting in a conductive type hearing loss. Sometimes we can alleviate this by means of surgery.  A hearing aid also helps.  However, if compression of the hearing nerve occurs, we cannot correct that surgically.”  The facial nerve, which is necessary for movement of the face, is situated in the same bony channel  as the hearing nerve.  If this nerve is involved, a plastic surgeon can help by transposing muscles in the face, or lifting up a sagging angle of the mouth.       

Sclerosteosis is related to Van Buchem disease.  This condition occurs mainly among the white Afrikaners, descendants of Dutch immigrants to South Africa.  Although the symptoms of sclerosteosis are similar to those found in the patients of Urk, these patients become very tall and have serious hand deformities.  One of the doctors who treat these patients is Herman Hamersma,  an ear, nose and throat specialist of the University of Pretoria.  Hamersma:  “Sclerosteosis patients can also suffer from increased pressure on the brain or the spinal cord.  Serious complications can already occur in a child.  I have a five year old patient in whom we had to decompress the facial nerve.” 

In the meantime scientists are looking for the genetic cause of both diseases, hoping that a genetic study can also shed light on the mirror image disease, i.e., osteoporosis.  The first genetic studies came from a combined effort of the universities of Antwerp and Groningen.  Wim van Hul, researcher of the Antwerp Centre for Human Genetics: “We investigated the total genetic material of the affected families by means of a method called positional cloning.  With this method we can look for the gene, even if we do not have an idea what causes the disease.  We succeeded in localizing the gene on chromosome 17, and the gene for both these diseases are in the same area of the chromosome.”

In the meantime the British-American company Celltech-Chiroscience characterized the gene.  At present nothing is known about the function of the gene, but the company hopes that the gene is also involved with the development of osteoporosis.  In the case of sclerosteosis, a point mutation is present in the gene, but in the case of Van Buchem disease, approximately 50,000 base pares are missing in the gene.  In both cases the cell cannot translate the gene to the matching protein. One of the researchers involved with the Celltech-Chiroscience research is Dr Bert Bakker, of the Clinical Genetic Centre of Leiden.  “We employed a test,  developed by the company, to investigate whether deletion of these base pairs was an unimportant polymorphism among the Dutch.  This was not the case.  As a gesture of goodwill, Celltech-Chiroscience has made this test available to us, so that we can do genetic screening of the Van Buchem families.”    

Two articles from the American Journal of Human Genetics dealing with the genetic background of the two diseases:

Van Buchem:

http://www.journals.uchicago.edu/AJHG/journal/issues/v62n2/970550/
970550.html

Sclerosteosis:

http://www.journals.uchicago.edu/AJHG/journal/issues/v64n6/980926/
980926.html

Captions to photos:

Photo of skull:  The thickened skull of a Van Buchem patient, weighing more than 2 Kilogram.  The pock-marked chin portion of the lower jaw is clearly visible. The apertures for the eyes and the nose are smaller than normal.

X-Ray skull:  The thickening of the skull is clearly visible.  The upper and lower jaw are enlarged.  The elbow is sclerotic.
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Leiden:  The cure for osteoporosis has moved one step closer following the discovery of a protein which regulates bone formation.  Researchers of Celltech-Chiroscience and the University of Leiden are working on a medicine to increase the density of bone in male and female adults.  

“This discovery is the Holy Grail of bone cell biology,” says John Latham, director of gene function of Celltech, the British biotechnology company.  “We discovered a gene as well as the matching protein, which acts like a switch to regulate the bone growth.  If the protein is present, then the bone growth stops; if the protein is absent or too little is present, the bone growth continues – also at advanced age and independent of disease processes such as osteoporosis.”      

Due to strategic reasons, Latham would not expand on the exact nature and properties of the protein.  The company has a patent on the gene and its therapeutic applications, and they are themselves developing a medicine. 

Latham: “The working mechanism of the protein is very surprising.  It has nothing to do with the known hormonal influences on bone growth.  Therefore, a future thgearpy will be suitable to both men and women.”

Latham is aiming at an antibody to block the function of the protein; the company already has a few candidates.  Latham: “Chemical inhibitors are also amongst the possibilities.  I expect that we can start clinical trials in eighteen months to two years.”

Celltech discovered the gene in a group of South African patients suffering from sclerosteosis, i.e. uncurbed bone growth.  Their bone growth is unrestrained because of a fault in the gene.  “The carriers of the faulty gene demonstrate the living proof of the role of the protein.  If they are without both copies of the protein, then their bones keep on increasing in size for the whole lifespan, resulting in serious deformities.  If they are short of one copy of the protein, only the bone density increases, also in women after menopause”, according to Clemes Löwik, researcher at the Endocrinology Department of the Leiden University Medical Centre,  who claims credit for a major part of the discovery.   

Celltech found the gene on chromosome 17.  Latham: “In the sclerosteosis patients we located it in an area comprising one million base pares, together with another hundred other genes.  In the end it was determined that the disease was caused by a single point mutation.”

This discovery was made in 1998.  Following this, the cooperation with Löwik and his colleagues led to clarification of the role of the gene and the protein.  Latham:  “The long silence around the discovery is a financial affair.  Many tens of millions of dollars are involved.”

In the meantime Celltech is investigating whether the bone protein itself  plays a role in the severity of osteoporosis.  Latham: “We suspect that the relation between the protein and the bone density is dosage dependent, the more protein, the lower the bone density.”

“Osteoporosis is a multifactorial disease, not casued by a single gene”, Löwik said.  “The bone protein can cause bone growth independently.”  Latham: “We do not expect any side effect if we selectively disengage the protein. The South African heterozygote carriers of one defective gene do not experience side effects.  It therefore seems as if the protein is a perfect place to interfere in the bone biology.  The only consequence is that more bone will be made, and that is what we all want.”

Löwik has one reservation regarding a future therapy: “Some persons do manufacture bone, but of a poor qualtiy; I do not think that we can obviate that by modulating the gene.”       

Celltech teamed up with the Leiden researchers because of their 25 year, unique knowledge of bone biology.  The Leiden group had previously discovered the biphosphonates, which is now accepted treatment for osteoporosis.  The latter inhibit the demolishing of bone, but do nothing to rebuild bone which had been lost already.  “Löwik:  “I expect that the inhibition of the bone protein will have the same clinical impact as the biphosphonates, which is effective in 95% of the population, irespective of what casues the break down of bone,” 

Responding to this discovery, Elizabeth de Boer, director of the Osteoporosis Foundation and Association, said:  “ On its own, this sounds fantastic, but you must be careful not to raise the hopes of the patient with a dead sparrow.  It will take many years before this discovery provides anything useful.”  

Coen Netelenbos, endocrinologist and osteoporosis specialist at the Free University of Amsterdam, have often seen promising claims come and go.

“I rejoice when hearing such discoveries, but at the same time I remain very sceptic.  I hope that the researchers will be able to demonstrate that their strategy works cell cultures as well as in adult animals.  From there it is still a giant step to osteoporosis.  The sclerosteosis patients are born with their defective gene. I still have to see if Celltech can produce the same effect by means of an antibody.  I would very much like to see a publication on this subject.”

Latham:  “As soon as we are ready, we will inform the world, probably the beginning of 2001.  We have submitted an article to a leading genetics journal, and a second is being prepared for Nature Medicine.”  Löwik:  “I will be amazed if this does not become a big story.”  Both researchers had difficulty to suppress their enthusiasm.

- - - - - - - -

