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Abstract 

Crohn's disease is a widespread inflammatory bowel disorder with a possible polygemc 

etiology. A 5.28 MB segment on the long arm of Chromosome 16 has been previously 

identified as carrying genetic factors associated with Crohn's disease. We are analyzing 

bacterial artificial chromosomes (BACs) in this region and designing pnmers to amplifS 

DNA of candidate genes in the area. BACs are separately replicating DNA entities based 

on the E. Coli F factor and designed for cloning large (100 to 300 kb) DNA inserts 

(Pasternak, 1999). We have also collected blood samples and histories from patients with 

Crohn's disease and their siblings. DNA isolated from the blood samples was taken to 

the Center for Human Genome Studies at the Los Alamos National Laboratory for further 

analysis. Our ultimate goal is to isolate or refine the location of the Crohn's disease 

gene(s). 

Introduction 

Inflammatory bowel disease (IBD) is an autoimmune disease in which the patient's 

immune system chronically attacks the intestinal wall creating relapsing intestinal 

inflammation. IBD is subdivided into Crohn's disease and ulcerative colitis. They have 

a combined fi-equency of 100 to 200 per 100,000 in the United States (Satsangi et al., 

1996b). In approximately 10% of cases restricted to the rectum and colon, definitive 

diagnoses of Crohn's disease or ulcerative colitis cannot be made and are classified as 

indeterminate colitis.' Crohn's disease may affect any part of the gastrointestinal tract. 



but usually in the ileum and colon. Bowel inflammation is irregular, and symptoms 

include rectal bleeding, chronic diarrhea, abdominal pain, and extra-intestinal 

inflammation of the skin, eyes, or joints. Complications are commonh intestinal fistulas, 

abdominal abscesses, and intestinal perforation (Figures 1 and 2). 

The etiology of inflammatory bowel disease is unknown. There is strong evidence from 

twin studies, familial risk data, and segregation analysis that Crohn's disease is at least in 

part genetic. Inheritance of Crohn's disease does not follow a simple Mendelian model 

and is considered a complex genetic trait. Isolation and description of the gene(s) in this 

region relating to Crohn's disease would constitute the first muhifactorial disease gene(s) 

characterized. Ohnem et al. (1996) and Parks et al. (1996) found that the localization to 

chromosome 16 is important for susceptibility to Crohn's disease, and Cavanaugh et al. 

(1998) refined the localization to a region near D16S409, obtaining a maximum lod score 

of 6.3 between D16409 and D16S753. We are studying a 5.28 MB segment near the 

begirming of the long arm of chromosome 16 (Figures 3 and 4). 

We are evaluating patients in west Texas for their genetic status for Crohn's disease. We 

are using a group of about one hundred participants made up of patients with Crohn's 

disease and their siblings. We are interviewing the patients as well as collecting blood 

samples from the patients and their unaffected siblings. We are also isolating DNA 

samples from their blood and sending the samples to the Los Alamos National 

Laboratory for analysis. 
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Figure 3. Overview map of Chromosome 16. Studied region highlighted in yellow 

(Pasternak, 1999). 

Literature Reviewed 

An article tiled "Regional ileitis," published by Journal of American Medical Association 

in October 1932, marks the first significant report of granulomatous inflammatory bowel 

disease (IBD). Burrill B. Crohn, Leon Ginzgurg, and Gordon D. Oppenheimer described 

"in pathologic and clinical details, a disease of the terminal ileum." In subsequent years 
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after the article was published, nimierous articles were published citing the involvement 

of other parts of the GI tract. "It is a panenteric disease that can affect every part of the GI 

tract, fi-om mouth to anus" (Aufses, 2001). Metastatic Crohn's disease (CD) affects the 

skin, and GI lesions may be accompanied or preceded by widespread extra-intestinal 

manifestations. Crohn's disease was not a new disease in 1932, cases had been described 

over a century before, but identification and increased awareness of the disease promoted 

its treatment (Aufses, 2001). 

Inflammatory Bowel Disease (IBD) affects males and females. Although it is more 

prevalent in whites than nonwhites, it occurs in all races. EBD is also more common in 

northem than in southem areas and in urban than in rural areas, suggesting an 

environmental contribution. Jewish people also have a higher incident of the disease. 

Crohn's disease occurs with higher frequency among patients who have Turner 

syndrome, Hermansky-Pudlak syndrome, and glycogen storage disease type IB (Hyams, 

2000). 

The etiology of Crohn's Disease remains unknown. It is also unknown whether CD and 

ulcerative colitis (UC) are two different diseases with similar clinical signs or diseases 

that have two varying localizations and the same cause. Many investigators have focused 

on possible infectious causes and immunologic abnormalities. Currently, no specific 

infectious agent has been consistently associated with IBD. Several bacteria species 

including Salmonella, Shingella, Campylobacter, and Yersinia, can cause intestinal 

inflammation, but the course of the infection is self-limited, and upon histopathologic 



examination of the affected tissue, it is usually distinguishable from tissue infected by 

chronic IBD (Hyams, 2000). Mishina et al. (1996) suggested that the etiology might be 

due to Mycobacterium paratuberculosis. They used reverse transcription PCR using M. 

paratuberculosis subspecies-specific primers on total RNA from 12 ileal mucosal 

specimens. Eight specimens were from patients with Crohn's disease, and four were 

controls, two of which were from ulcerative colitis patients and two from colonic cancer 

patients. Myobacterium avium DNA, originally cultured from the drinking water of a 

major city in the United States, was used as a negative control. A sequence analysis of 

cDNA showed that all eight cases of Crohn's disease and both samples from the patients 

with ulcerative colitis contained M. paratuberculosis RNA. Additionally, the M.avium 

control had the DNA sequence of M. paratuberculosis. They demonstrated that the DNA 

sequence of M. paratuberculosis came from mucosal specimens of humans with Crohn's 

disease. They thought the potable water supply might be a reservoir of infection. 

Mishina et al. (1996) deduced that clinical trials with anti-M.paratuberculosis therapy are 

indicated in patients with Crohn's disease. Targan and Murphy (1995) studied the 

recent research on possible animal models for Crohn's disease and human studies on the 

mode of pathogenesis and inheritance. They concluded that the basis of heredity is at the 

basic genetic level, and the environment triggers the fulfillment of genetic susceptibility. 

Suggestions have also been made that measles virus infection can result in a 

granulomatous vasculitis of mesenteric vessels that cause microvascular thrombosis and 

tissue ischemia and may be significant in the pathogenesis of CD (Hyams, 2000). 
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Although disagreement still remains, data suggests the existence of two clinical forms of 

Crohn's disease: perforating and non-perforating. Indications for the relativeh 

aggressive perforating type include fistula, abscess, and acute free perforation. Patients 

with the perforating type also have a higher recurrence of surgery. Non-perforating 

Crohn's disease, on the other hand, nms a more indolent clinical course and is indicated 

by intestinal obstruction, medical intractability, hemorrhage, and toxic dilatation without 

perforation (Greenstein et al., 1988). Gilberts et al. (1994) speculated that the two forms 

of Crohn's disease were the result of differences in the host immune response, just as 

with tuberculoid and lepromatous leprosy. Resected intestinal tissue from control 

patients as well as perforating and non-perforating Crohn's disease patients was 

evaluated for mRNA levels. They used 32P PCR amplification with published or 

custom-designed primers of a house-keeping gene (beta-actin); a human T-cell marker 

(CD3-delta); and the cytokines tumor necrosis factor alpha, transforming growth factor 

beta, granulocyte/macrophage colony-stimulating factor, interleukin (IL) 1 beta, IL-lra, 

and IL-6. Differences were found with DL-l beta and IL-lra. They concluded that this 

data supports the epidemiological observation that there are two forms of Crohn's 

disease. Increased IL-1 beta and IL-lra mRNA expression was linked with non-

perforating Crohn's disease, the more benign form. 

Crohn's disease and the immune system definitely appear to be linked. The presence of 

inflammatory bowel disease is increased in individuals with other autoimmune diseases, 

particularly ankylosing spondylitis, psonasis, sclerosing cholangitis, and multiple 

sclerosis. Abnormalities in gastrointestinal immunoregulation seem to be important 



contributors to the etiology. Because the gastrointestinal tract is almost contingent with 

the outside world, it is under constant immunologic stimulation from microbial agents, 

dietary antigens, and other foreign substances. Its' coimtless immunologically active 

cells work in conjunction with the barrier of epithelial cells to protect from the toxic 

external environment. Because foreign agents constantly bombard the tract, it is 

constantiy in a state of "physiologic inflammation," with a moderate amoimt of immune 

cells (lymphocytes, macrophages, plasma cells) present in the lamina propria. CD is 

believed to be this "physiologic inflammation" in an imcontrollable state. CD's 

excessiveness results in pathogenic inflammation, increased numbers of immune cells, 

and eventually tissue damage. Cytokines, arachidonic acid metabolites, reactive oxygen 

intermediates, and growth factors are among the various soluble mediators of 

inflammation secreted by activated immune cells. Cytokines such as IL-1, IL-6, and IL-8 

increase expression of vascular adhesion molecules, which attract inflammatory cells, 

increase eicosanoid production, induce nitric oxide synthase, and increase collagen 

production. This cascade promotes inflammation as well as leads to tissue damage and 

remodeling with consequent fibrosis. Electiolyte secretion, stimulated by these mediators, 

contributes further to diarrhea. Other causes of diarrhea in CD include malabsorption in 

the small intestine; loss of bile salts from the terminal ileus into the colon, affecting 

colonic electrolyte absorption; and bacterial overgrowth in the small bowel with bile salt 

deconjugation (Hyams, 2000). 

Treatments for patients with CD range from nutritional therapies to invasive surgical 

procedures. Bowel rest and total parenteral nutrition (TPN), which is introducing 
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nuttients otherwise than by way of the intestines, have shown effective in inducing 

remission. Oral elemental diets are an altemative to TPN and are effective in treating the 

active disease. Neither diet has proven to be a successful maintenance therapy. 

Corticosteroids are commonly used to treat CD because they have many effects on the 

immunoinflammatory cascade. Corticosteriods, however, cause numerous side effects 

such as fluid retention, hypertension, and hyperglycemia and should not be used long-

term. Extended use may lead to osteoporosis, posterior subcapsular cataracts, 

suppression of the adrenopituitary axis, and osteonecrosis. Immunomodulators such as 

the thiopurine analogues azathioprine and 6-Mercaptopurine have become increasingly 

important in the management of active and dormant Crohn's disease and for the 

prevention or delay of post-surgical recurrence. One of the most recent advances in CD 

therapy, anti-tumor necrosis factors, has also proven to be one of the most effective 

treatments. Inflixmab (Remicade) is a chimeric antibody (75% human, 25% mouse) 

targeting tumor necrosis factor-a (TNF- a), a potent proinflammatory cytokine believed 

to have a pivotal role in the initiation and promotion of intestinal inflammation in patients 

with Crohn's disease. CDP571, a humanized monoclonal IgG4 antibody, and 

thalidomide, a teratogen, are both also anti-tumor necrosis factors used to combat 

Crohn's disease (Stein and Lichtenstein, 2001). Surgery is used as a last resort to remove 

infected and blocked regions of the intestines. 

Neurath et al. (1996) established experimental colitis in mice and discovered a possible 

molecular approach for treating Crohn's disease. They found that chronic intestinal 

inflammation induced by 2,4,6-trinifrobezene sulfonic acid (TNBS) is characterized by a 
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transmural granulomatous colitis that mimics some characteristics of human Crohn's 

disease. The transcription factor NF-kappa B p65 (164014) was strongly activated in 

TNBS-induced colitis and in colitis of interieukin-10 (124092) deficient mice. A local 

administration of p65 antisense phosphorothioate oligonucleotides was given 

intravenously and intrarectally. This p65 antisense phosphorothioate oligonucleotide 

treatment eliminated clinical and histological signs of colitis and was more effective in 

treating TNBS-induced colitis than single or daily administration of glucocorticoids. 

Neurath et al. (1996) concluded that their data provides direct evidence for pivotal role of 

p65 in chronic intestinal inflammation and suggests a possible therapeutic value for p65 

antisense ologonucleotides as a novel molecular approach for the treatment of Crohn's 

disease patients. 

Genetic coimseling of at-risk families represents an altemative means of disease 

prevention. Sfrong evidence from twin studies, familial risk data, and segregation 

analysis shows that inflammatory bowel disease, especially Crohn's disease, is genetic. 

Inheritance of Crohn's disease and ulcerative colitis does not follow a simple Mendelian 

model, and they are considered complex or multifactorial genetic traits. With other 

genetic disease, such as Huntington Disease, an autosomal dominant trait, isolating the 

disease-causing gene can be relatively straightforward because establishing an 

inheritance pattern is simple - individuals who inherit the altered allele also develop the 

disease (Pasternak, 1999). With complex or genetic traits not only are several genes with 

various chromosomal locations influencing the disease but environmental factors can also 

play a role. A gene for a complex genetic disease has not yet been isolated. Analysis of 
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the genetics of Crohn's disease is complex but progressing. IBD has been linked to 

chromosomes 16pl2-ql3 (IBDl), 12pl3 (IBD2; 601458), and 6p (IBD3; 604519). 

Sheehan et al. (1967) found that regional enteritis was estimated to occur in 0.07 per 

1000 Jews in Bahimore, and about 10 % of the persons affected have close relatives who 

also have granulomatous disease of the bowel. They saw this as an indication that in 

some families a genetic component might be present. They also reported an association 

between regional enteritis and granulomatous colitis with erythrocyte glucose-6-

phosphate dehydrogenase deficiency. Crohn's disease has also been associated with 

Sartcoidosis; both granulomatous disorders were found in the same family (Gronhagen-

Riska et al., 1983). In 1991 Orholm et al. assessed the familial occurrence of EBD in 

Copenhagen County. They foimd that first-degree relatives of patients with Crohn's 

disease or ulcerative colitis had a 10-fold increase m the risk of having the same disease. 

An increased prevalence was also found in second-degree relatives. The risk of having 

the other of the two disease was also increased, but less so, and the increase of having 

Crohn's disease was not significant in the relatives of patients with ulcerative colitis. 

When compared to non-Jews, the Jewish population has a higher occurrence of 

inflammatory bowel disease. Yang et al. (1993) found a higher frequency of 

inflammatory bowel disease in first-degree relatives of Jewish patients as compared to the 

relatives of non-Jewish patients. The first-degree relatives of Jewish patients had a 

lifetime risk for inflammatory bowel disease of 7.8% and 4.8% when probands had 

Crohn's disease and ulcerative colitis, respectively. The lifetime risks for first-degree 

relatives of non-Jewish patients were 5.2% and 1.6% for Crohn's disease and ulcerative 

colitis, respectively. 



Kuster et al. (1988) question previous argimients that Crohn's disease does not have a 

simple genetic inheritance. Their formal pedigree analysis suggests a recessive gene with 

low penetrance affects susceptibility to Crohn's disease. The penetrance of the gene is 

also affected by environmental factors and genetic background. However, the recessive 

allele is responsible for only a proportion of the cases and some isolated cases are 

probably due to phenocopies. 

In 1980 Schwartz et al. studied the possibility of regional enteritis's genetic transmission 

by HLA typing. No HLA haplotype was found in more than one kindred, and no HLA 

antigen was more prevalent in nonfamilial cases of regional enteritis than in the normal 

population. However, in five affected sibling pairs, four shared both haplotypes (HLA 

identical), and one shared one haplotype. Only one imaffected sibling shared two 

haplotypes with an affected proband. This high frequency of HLA identity in affected 

siblings and the low frequency in the unaffected indicates a linkage between the 

histocompatibilty locus and the development of regional enteritis. 

Hugot et al. (1994) also considered HLA genes as well other loci on chromosome 6 as 

candidate regions for the mapping of the Crohn's disease susceptibility gene. A total of 

twenty-five families with multiple cases of Crohn's disease were genotyped for HLA 

DRBl and for 16 highly polymorphic loci evenly distributed on chromosome 6. The data 

were subjected to linkage analysis using the lod score method. The Crohn's disease 

predisposing locus was excluded from the entire chromosome 6 with lod scores less than 
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-2. It was also excluded from the major histocompatibilit>' complex and from 91% of the 

chromosome 6 genetic map with lod scores less than -4. Hugot et al. (1994) concluded 

that the major recessive gene involved in genetic predisposition to Crohn's disease does 

not reside on the major histocompatibility complex or on any locus mapping to 

chromosome 6. 

Satsangi et al (1996a) studied clinical patterns of familial inflammatory bowel disease. 

They compared clinical characteristics (disease type, extent, age on onset, need for 

surgery, and presence of extra-intestinal manifestations) in affected subjects in multiply-

affected families with inflammatory bowel disease. They included 54 families in which 

one parent and at least one child were affected (a total of 77 parent-child pairs) and 155 

families in which at least two siblings were affected (a total of 190 affected sibling pairs). 

In affected parent-child pairs, parent and child were concordant for disease type (Crohn's 

disease or ulcerative colitis) in 58 of 77 pairs (75.3%), for extent in 63.6%, extra

intestinal manifestations in 70.1%, and smoking history in 85%. The median age of onset 

in parent was significantly higher than offspnng (p<0.0001). In 40 pairs, 60.6%, the 

parent was at least 10 years older than child. Siblings were concordant for disease type in 

81.6% of affected sibling pairs, extent in 76.0%, extra-intestinal manifestations in 83.8%, 

and smoking history in 81.3%. In contrast with the parent-child pairs, 68.1 % (111 sibling 

pairs) siblings were diagnosed within 10 years of each other. The median age of onset 

was 24.0 years. This studied showed consistent clinical patterns in numerous families 

with inflammatory bowel disease. The differences in age of onset between parent and 
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offspring probably reflect genetic factors producing anticipation of disease between 

generations (Satsangi et al. 1996a). 

To further investigate the genetics of inflammatory bowel disease, Satsangi et al. (1996b) 

performed a two stage genome-wide search for the susceptibility genes m inflammatory 

bowel disease. The study involved 186 affected sibling pairs from 160 nuclear families. 

Sfrong evidence was provided for the presence of susceptibility loci for both Crohn's 

disease and ulcerative colitis on chromosome 3, 7, and 12. They obtained the maximum 

lod score (5.47; P= 2.66 x 10') with the marker D12S83 and lod scores of 3.08 and 2.69 

for D7S669 and D3S1573, respectively. They surmised from their data that Crohn's 

disease and ulcerative colitis were closely related, but distinct, polygenic disorders that 

share some, but not all, susceptibility genes. 

Yang et al. (1999) studied the importance of the chromosome 12 locus. They used an 

independent set of U.S. Caucasian families (36% being of Ashkenazi Jewish origin). 

Microsatellite markers along chromosome 12 spaced at about lOcM apart were used to 

test the alleged loci in families affected only with Crohn's disease (65 sibling pairs from 

46 families). Regions with positive linkage for Crohn's disease were then tested in a 

panel of ulcerative colitis and mixed families (44 sibling pairs from 29 families). The 

found a substantial amount of allele sharing in the Crohn's disease sibling pairs which 

provides evidence of a linkage between the region on chromosome 12 and Crohn's 

disease. 
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Hampe et al. (1999) also increased knowledge of the genetic risk profile of inflammatorv 

bowel disease during a 9-cM genome wide search for susceptibility loci in 268 families 

containing 353 affected sibling pairs. Previous linkages on chromosomes 12 and sixteen 

were replicated, and the chromosome 4 linkage was extended in this sample. New 

evidence suggesting autosomal linkages was observed on chromosomes 1, 6, 10, and 22, 

with LOD scores of 2.08, 2.07, 2.30, and 1.52, respectively. A maximum LOD score of 

1.76 was observed on the X chromosome, for ulcerative colitis, which is consistent with 

the clinical association of inflammatory bowel disease with Ullrich-Turner syndrome. 

Hampe et al. (1999) confirmed three previously discovered inflammator>- bowel disease 

linkages and provided evidence for five additional predisposition gene regions. 

Cho et al. (1998) also performed a genome wide screening. They used 377 autosomal 

markers, on 297 Crohn's disease, ulcerative colitis, or mixed relative pairs from 

174 families, 37% of which were Ashkenazim. They observed evidence for linkage at 3q 

for all families (multipoint lod score = 2.29, P = 5.1x lO"'*), with greatest significance for 

non-Ashkenazim Caucasians (multipoint lod= 3.39, P = 3.92 x 10"^), and at 

chromosome Ip (multipoint lod score = 2.65, P^lAx 10"'̂ ) for all families. In a limited 

subset of mixed families, which had one member with CD and another with UC, evidence 

for linkage was observed on chromosome 4q (multipoint lod score = 2.76, P = 1.9 x 10~ 

\ especially among Ashkenazim. There was confirmatory evidence for a Crohn's disease 

locus, overlapping IBDl, in the pericentromeric region of chromosome 16 (multipoint 

lod = 1.69, P = 2.6x 10~^), particularly among Ashkenazim (multipoint 

lod = 1.51, P = l.Sx 10~^); however, positive multipoint lod scores were observed over a 
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very broad region of chromosome 16. Furthermore, evidence for epitasis between IBDl 

and chromosome Ip was observed. Thirteen additional loci demonsfrated nominal 

(multipoint lod > 1.0, P < 0.016) evidence for linkage. This screen provides strong 

evidence that there are several major susceptibility loci contributing to the genetic risk for 

Crohn's disease and ulcerative colitis. 

Hugot et al. (1996) performed a genome-wide search on two consecutive and 

independent panels of families with multiple affected members, using a non-parametric 

two-point sibling pair linkage method. They identified a putative Crohn's disease 

susceptibility locus on chromosome 16 (P < 0.01 for each panel). The localization was 

centered around loci D16S409 and D16S419 by using multipoint sib pair analysis. 

Because of this result, they made the provisional assignment of linkage to chromosome 

16 of a Crohn's disease-susceptibility locus, called IBDl. IBDl lies in the 

pericentromeric region of chromosome 16, and several suspicious candidate genes, which 

may be relevant to the etiopathogenic mechanism of Crohn's disease, are within 10 cM of 

the location of the maximum lod score. Some examples include the CDl 1 integrin 

cluster, which includes complement receptor type 3, involved in mycobacterial cell 

adhesion; CDl9, which is involved in B-lymphocyte fimction; sialophorin, which is 

involved in leukocyte adhesion; and the interieukin (IL)-4 receptor, as IL-4-mediated 

regulation of mononuclear phagocyte effector functions is altered in inflammatory bowel 

disease. The initial screening also identified a possible Crohn's disease susceptibility 

locus on chromosome 1, but data from the second family panel was not supportive. 

Hugot et al. (1996) concluded that typing of additional Crohn's disease families was 
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required for an accurate description of the genetics of Crohn" s disease, and although the 

locus on chromosome 16 accounts for only a small fraction of the tenfold increased risk 

for first degree relatives of Crohn's disease patients, this region of the genome contains 

candidate genes which may be relevant to the pathogenic mechanism of inflammatory 

bowel diseases. 

Parkes et al. (1996) confirmed Hugot et al. (1996b)'s report with additional data 

replicating their findings with respect to chromosome 16's linkage m Crohn's disease. 

Parkes et al. (1996) further showed that this region is unlikely to contribute to ulcerative 

colitis susceptibility. Annese et al. (1999) performed a linkage study in a series of 58 

Italian families with inflammatory bowel disease. The families had a mixture of disease 

types: 16 had Crohn's disease, 23 had ulcerative colitis, and 19 had both Crohn's disease 

and ulcerative colitis. Their study supported the 16p localization, and no important 

linkage was found for the markers on chromosomes 3, 6, 7, and 12. Ohmen et al. (1996) 

also tested this region in an independent set of U.S. families and confirmed that this 

region is likely to contain a gene predisposing to Crohn's disease. Cavanaugh et al. 

(1998) investigated the contribution of this localization to the inheritance of 

inflammatory bowel disease in 54 multiplex Australian families. They confirmed its 

importance in a significant proportion of Crohn's disease families and further refined the 

localization to a region near to D16S409, obtaining a maximum LOD score of 6.3 

between D16S409 and D16S753. 
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Methods 

We recruited participants m collaboration with Dr. David Hodges in the Department of 

Internal Medicine at Texas Tech University Health Science Center and thru the local 

Lubbock Crohn's support group. When the Crohn's patient agreed to participate, he or 

she made an appointment to have blood drawn and to be interviewed. If the patients live 

too far outside Lubbock, they had a phone interview and their blood drawn locally and 

sent by mail. The participants also provided contact information for their siblings who 

were willing to participate in the study. The siblings were not interviewed, but their 

blood was taken. Next the participants had their blood drawn, and the Crohn's patients 

were interviewed. The interview entailed questions about family history of Crohn's 

disease, ulcerative colitis, and other diseases as well as personal medical history and 

ethnic backgroimd (Appendix A). The blood samples were collected in 2 EDTA tubes 

with 3 ml of blood each, for a total of 6 ml of blood. The EDTA protected the samples 

from clotting which aids in the DNA isolation. Each blood sample was clearly marked 

with the participant's corresponding patient number. 

Isolation of DNA from a 300pl sample of the whole blood is performed using the 

Promega Wizard Genomic DNA Purification Kit (Catalog #A1120). The first step of the 

isolation involves adding 900)LI1 of the Cell Lysis Solution to a sterile 1.5ml 

microcentrifuge tube. The tube is gently rocked until thoroughly mixed and then 300pl 

of blood is transferted to the tube containing the Cell Lysis solution. The tube is inverted 

5-6 times to mix. The microcentrifuge tube is carefully marked with the corresponding 

patient number. The mixture incubates for ten minutes at room temperature and is 
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inverted 2-3 times once during the incubation to lyse the red blood cells. Next the 

mixttire is centrifuged at 13,000-16,000 x g for twenty-seconds at room temperature. As 

much supematant as possible is removed and discarded without disturbing the visible 

white pellet of white blood cells that has formed. Then the tube is vortexed vigorously 

10-15 seconds until the white blood cells are resuspended. Next 300pl of Nuclei Lysis 

Solution is added to the tube containing the resuspended cells. When adding the Nuclei 

Lysis Solution to the tube, the solution is pipeted 5-6 times to lyse the white blood cells. 

Then the solution incubates at 37°C for about twenty-minutes, or until the clumps are 

disrupted. 

Next we add 100p,l of the Protein Precipitation Solution to the nuclear lysate and vortex 

vigorously for 10-20 seconds. The solution is then centrifuged at 13,000-16,000 x g for 

three-minutes at room temperature. A dark brown pellet forms; the supematant is 

transferred to a clean 1.5 ml microcentrifuge tube containing 300pl of room temperature 

isopropanol. The clean tube should also be clearly marked with the corresponding patient 

nimiber. Next, we gently mix the solution by inversion until the DNA forms a visible 

mass of white thread-like strands. The tube is centrifuged at 3,000-16,000 x g for one-

minute at room temperature. The supematant is decanted and 300)il of room temperature 

70% ethanol is added to the DNA. The tube is centrifuged again at 3,000-16,000 x g for 

one-minute at room temperature. Then we carefully aspirate the ethanol with a drawn 

Pasteur pipette and invert the tube on clean absorbent paper to air-dry for 15 minutes. 

After 100|jl of DNA Rehydration Solution is added to the tube and mixed by gentiy 

tapping the tube, the DNA is rehydrated by incubating the solution overnight at 4°C. The 
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DNA is the analyzed for purity and concentration. We use the Beckman DU-600 

photospectrometer 's DNA/oligo Quant program to analyze the DNA. If necessar>, the 

isolations can be repeated. The DNA is stored at -32°C until transported to Los Alamos 

(Promega, hic, 1999). These steps are all completed at Texas Tech University Health 

Science Center. 

The second stage occurs at the Center for Human Genome Sttidies at the Los Alamos 

National Laboratory. First the BACs in the suspected region are analyzed for genes. 

Databases such as Genbank were used to compile discovered genes in the Crohn's 

disease segment of chromosome 16 (Table 1). The BACs are then prioritized according 

to genes of interest. The BACs are labeled with their individual Genbank excession 

number. The exon that codes for the gene is also give. Genes coding for immunologic 

factors or intestinal proteins were given high priority. Next primers are made for the high 

priority clones and the DNA samples are amplified with the primers through PCR. 

PCR (polymerase chain reaction) is carried out by thermocyclers. The thermocycler 

takes the solution of DNA and primers through different temperature phases. First it is 

heat to about 94°C, and the DNA is melted. Then the temperature is taken down to 55 °C 

so the primers can anneal to the DNA. Lastly, the temperature is brought up to about 

72°C so that the DNA can be extended by the primers (Figure 5). The cycle is repeated 

30 to 35 times. 
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• p 
CLONES PREDICTED GENES 
AC009057 
Pieces 1-38 

BLAST Query Sequence for (Fragment 3) 
exongrailp 3 

human, chr. all.ctg.noname IG HEAVY CHAIN V REGION 5 A PRECURSOR 
AC010539 

BLAST Query Sequence for (Fragment 22) 
exongrailp 3 

human, chr. all.ctg.noname IG HEAVY CHAIN V-II REGION SESS PRECURSOR 

BLAST Query Sequence for (Fragment 13) 
exongrailp 1 

human, chr. all. ctg.noname 
ALKALI>JE PHOSPHATASE, INTESTINAL PRECURSOR 
(lAP) 

AC023826 

BLAST Querj' Sequence for '̂ Fragment 26^ 
genscanp 1 

human, chr. all. ctg.noname 

HEAT-STABLE ENTEROTOXIN RECEPTOR PRECURSOR 
(GC-C) (INTESTINAL GUANYLATE CYCLASE) (STA 
RECEPTOR) 

U91320 

BLAST Query Sequence for (Fragment 1) 
genscanp 1 

human.chr.all.ctg.noname MUCIN 2 PRECURSOR (INTESTINAL MUCIN 2) 

AC007908 

Pieces 1-29 

BLAST Query Sequence for (Fragment 56) 
exongrailp 4 

human, chr. all. ctg.noname GLYPICAN-3 PRECURSOR (INTESTINAL PROTEIN OCI-5) 

AC007882 

BLAST Query Sequence for exongrailp 6 

human.chr.aIl.ctg.gi|7622520|gb|AC007882 
GLYPICAN-3 PRECURSOR (INTESTINAL PROTEIN OCI-5) 
(GTR2-2) (MXR7) 

Table 1. Examples of BAC regions that will be highly prioritized for sequencing. 

1 

• 



Figure 5. Overview of PCR process. 

After a DNA sequencer sequences the samples, polymorphisms are determined in the 

amplified sequence. The distributions of polymorphisms are then compared with the 

distribution of Crohn's disease. 

Results 

.Although the samples are still under analysis at the Los Alamos National Laboraton- m 
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New Mexico, data from the Crohn's disease patient interviews have been compiled. An 

interesting variety of ethnic backgrounds was found in our patient sample. Because the 

exact percentage of each nationality was unknown, each ethnic group received a point 

every time it was represented in an individual (Figure 6). The five participants not 

represented did not know their ethnic backgrounds. For example, participant number 

eight claimed a German and English ethnicity; thus the German category received one 

point and the English category one point. 49% of the participants who knew their ethnic 

backgrounds reported Native American in their ethnic background. Only 5% reported a 

Hispanic background, and no participants reported an African American background. The 

2000 census results for displayed ethnic distributions for Lubbock County and Texas 

(Table 2). 

Table 2. Ethnic disfributions in Lubbock Coimty and Texas. 

People QuickFacts 

242,628 20,851,8201 

IWhite persons, percent, 2000 (a) 74.3% 

I Black or African American persons, percent, 2000 (a) 

lAmerican Indian and Alaska Native persons, percent, 2000 (a) 

7.7% 

0.6% 

71.0% 

11.5% 

0.6% 

I Asian persons, percent, 2000 (a) 1.3% 2.7% i 

\-
Natlve Hawaiian and Other Pacific Islander, percent, 2000 (a) 

I Persons reporting some other race, percent, 2000 (a) 14,1%! 

0.1% 

11.7% 

I i Persons reporting two or more races, percent, 2000 

Persons of Hispanic or Latino origin, percent, 2000 (b) 

2.0% i 

I 
I, 

27.5% 

(a) Includes persons reporting onl> one race (b) Hispanics may be of any race, so also are included in applicable race categones 

Table taken from U.S. Census Bureau Web Page (2000). 

2.5% 

32.0%! 
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Figure 6. Ethnicity of Crohn's patients in study, 39 Of 44 participants represented. 

In addition to ethnic backgrounds, age of onset and diagnoses was explored (Figure 7). 



jB Current Age 2001 (yrs) BAge at onset of symptoms (yrs) DAge at diagnosis (yrs) 

Figure 7. CrohfVs disease patients' current age, age of disease onset, and age at diagnosis. 
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64% of the Crohn's patients presented with early onset Crohn's disease. We defined 

eariy onset by disease symptoms starting before the age of thirty-five. In late onset, 

occurring in 36% of our participants, symptoms begin after the age of thirty-five. 

A combined frequency of relatives with Crohn's disease or ulcerative colitis was found in 

16 of our 44 (36%) Crohn's patients. 23% of our Crohn's patients had relatives affected 

by Crohn's disease, and 16% of our Crohn's patients had relatives with ulcerative colitis. 

Of the participants who had relatives with Crohn's disease or ulcerative colitis, 81% had 

early onset of Crohn's disease (Figure 8). The latest onset of Crohn's from participants 

with relatives affected by inflammatory bowel disease was 47 years of age (Table 3). Of 

the participants with relatives affected by Crohn's disease, 70% had early onset of 

Crohn's disease, and 100% of the participants who have relatives with ulcerative colitis 

had early onset of Crohn's disease. The affected relatives differ in their degree of 

relatedness to the participant. First-degree relatives include parents, siblings, and 

children. Grandparents, aunts, uncles, nieces, and nephews are all considered second-

degree relatives. First cousins are classified as third degree relatives, and second cousins 

are fourth degree relatives (Figure 9). 

Conclusions 

The frequency of individuals claiming Native American ethnicity in the Crohn's 

participant group was higher than expected. A fairly low percentage of Native 

Americans reside m Lubbock County and Texas (both 0.6%). Some of the participants 



Degree of Reiatedness 

Figure 8. Aae of onset and freauency of relatives with CD or UC 

'could ver\- precisely trace back their Native .American genealog>-, allowing for 

calculation of percentage of Native American blood, but most of the participants only 

knew that they had some Native American ancestrv' in their ethnic makeup. 



29 

PT# 
1 

2.1 
2.2 

3 
4 

6.1 
7 
8 

9.1 
10 
11 
12 
13 
14 
15 

16 
17.1 
17.2 

18 
19 
20 
21 
22 

23 
24 
25 
26 
27 
28 
29 

30.1 
30.2 

31 
32 

33.1 
33.2 

34 
35 
36 
37 
38 
39 

1 40 
43 

Age at onset 
of symptoms 

(yrs) 
16 
20 

34 
40 
25 
34 
48 
20 
16 
25 
28 
46 
28 
20 

7 
14 
26 
31 
13 
38 
41 
47 

28 
20 
57 
39 
36 
32 
13 
47 
39 
53 
40 
42 
26 
22 
56 
30 
66 
24 
20 
21 
13 

Relatives 
w/CD 
yes 
yes 
yes 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 

no 
yes 
yes 
no 
no 
no 
no 
no 

no 
no 
no 
no 
no 
no 
no 
yes 
yes 
no 
no 
yes 
yes 
no 
no 
no 
no 
no 
no 
ves 
7 

1st degree 

son 

sister 
brother 

(mother 
possible) 

2nd degree 

niece 
uncle 

nephew 
uncle 

other 
1st cousin 

1 St cousin 

2nd cousin 
2nd cousin 

1 St cousin 

Relatives 
w/UC 
yes 
no 
no 
yes 
no 
yes 
no 
no 
yes 
no 
no 
no 
no 
no 
no 

1st degree 

1 1 
yes 
no 
no 
no 
no 
no 
no 
no 

no 
yes 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
yes 
no 
no 
no 
no 
no 

brother 

2nd degree 
crandmother 

niece 

paternal 
grandmother 

other 

1 
1 
1 

•1 

cousin 
i 

1 
1 

1 

1st cousin 

Table 3. Crohn's disease participants' age of onset and affected relatives. 
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This inconsistency and lack of solid verification creates the possibility for error. The 

result could also be due to chance as well as west Texas's close proximity to New 

Mexico and Oklahoma, which have 9.5% and 7.9% respectively of Native American 

populations. Another surprising outcome was the low frequency of individuals of 

Hispanic background. With Lubbock County having a 27.5% and Texas having a 32.0% 

Hispanic population, only 5% of our participants having that background confrasts with 

the trend in the general population (Table 2). Also with 7.7% of Lubbock County and 

11.5% of Texas being African American, having none of our participants report Afncan 

Amencan backgrounds does not follow the population trends. This data suggests that 

Crohn's disease may be more prevalent in Caucasians than non-Caucasians. 

Altematively, these data may indicate that minority individuals may obtain medical 

services with lesser frequency than those of Caucasian ethnicity. The prevalence of 

Native American backgrounds may warrant further study into the frequency of Crohn's 

disease in the Native American population. 

The percentage of Crohn's patients with affected relatives supports the genetic 

components of Crohn's disease. Also the incidence of Crohn's disease patients with 

relatives affected by ulcerative colitis maintains the relationship between the two forms 

of inflammatory bowel disease. The high occurrence of early onset Crohn's disease in 

participants with affected relatives suggests the early onset Crohn's disease may have an 

amplified genetic component. 



Future SfiirH «̂ 

If these studies are successful in defining a genetic region involved in predisposition to 

Crohn's disease, they might lead to a more thorough understanding of this disease, 

including its molecular basis. A knowledge of the gene products that are altered in 

Crohn's patients would suggest sfrategies for blocking the cascade leading to expression 

of this condition and would further pharmaceutical research. If the genetic mutation is 

isolated, a drug could be developed to block the damaged protein. Gene therapy is still in 

its infancy and many issues remain to be resolved before this approach can be routinely 

applied to the treatment of disease. However, in the future it may be able to correct the 

altered allele. This could be accomplished using either gene therapy protocols with anti-

sense to block the miscreant protein or by designing intrabodies, which would intemalize 

within affected cells and block aberrant gene expression (Morrow, personal 

communications). 

In addition, genetic testing could be performed to predict susceptibility to Crohn's 

disease. Preventative freatment could then be designed and administered to at-risk 

individuals. 

Also an understanding of the multifactorial basis of Crohn's disease would aid in the 

development of a genetic model for other polygenic genetic disorders such as 

cardiovascular disease, Alzheimer's disease, and various types of cancer. 



An article currently under review (Doggett, personal communications) states to have 

found a Crohn's disease gene distal on the q arm to the region we are analyzing. If their 

data are correct, our sample population will be useful in screening for mutations in this 

gene. Isolating and characterizing mutations that predispose to Crohn's disease will still 

be helpful in developing new, advanced freatments as well as imderstanding the genetic 

basis of multifactorial disorders in general. 
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Appendix A ^̂  

Date 

Name 

DOB 

Patient Interview: Crohn's Disease Study 

Patient Number 

Phone# 

Male/Female 

1 Does anyone else in your family have Crohn's disease? If yes, please be very specific about how you 
are related to them. Draw a family tree (use the back if more space is needed). 

2. Does anyone in your family have Ulcerative Colitis? If yes, please be very specific about how you are 
related to them. Draw a family tree (use the back if more space is needed). 

3. Do you have any other medical or miscellaneous family history we should know about (diabetes, heart 
disease, et cetra)? 

4 When was the onset of your symptoms (for Crohn's disease)? Please be as specific as possible 
(month/year). 

5 When were you diagnosed with Crohn's disease? Please be as specific as possible (month/year). 

If you have any questions, please contact Alison Wortman at (806)743-2509, TTUHSC Rm 5A119. 
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Name Patient Number 

6 Do you have ant other medical history we should know abouf 

7. We also need a blood sample fi-om at least one siblings (if you have any) for our genetic comparison. 
Please list your siblings and mark yes in the participant box if you think they would participate in the study. 

Sibling Information: 

Participant Name DOB Residence/ Phone # 

8. Studies have shown Crohn's disease is very prevalent in Jewish population. Do you know of any distant 
or close Jewish relatives? If yes, please be very specific about how you are related to them. Draw a 
family tree (use the back if more space is needed). 

9 What is your ethnic background (English, German, Hispanic, et cetra)? This information can be 
important for tracing genetic mutations. Please answer as thoroughly as possible, and be very specific 
about how you are related to them. Draw a family tree if possible (use the back if more space needed). 

10 How many generations has your family been in Texas? 

If you have any questions, please contact Alison Wortman at (806)743-2509, TTUHSC Rm 5A119. 


