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ALLELC FORM OF THE HMGA2 GENE 
PREDISPOSINGWOMEN TO THE 
FORMATION OF LEOMYOMAS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a division of U.S. Ser. No. 
1 1/598,623, filed on Nov. 14, 2006, which claims the benefit 
of U.S. provisional application 60/736,833, filed on Nov. 16, 
2005. 

STATEMENT OF COVERNMENT FUNDING 

0002 The United States Government has a paid-up license 
in this invention and the right in limited circumstances to 
require the patent owners to license others under reasonable 
terms as provided for by the terms of NIH Grant No. R01 
HD046226, awarded by the Department of Health and 
Human Services. 

FIELD OF THE INVENTION 

0003. The present invention is directed to a diagnostic test 
for determining if a woman carries an allelic form of the 
HMGA2 gene that predisposes her to the formation of uterine 
fibroids. This test will be especially useful in women with a 
family history offibroid problems and will help both in coun 
Seling women with respect to reproductive matters and in 
helping physicians to select an appropriate therapeutic 
option. The invention also includes vectors that contain the 
fibroid-associated allele and cells transformed with these vec 
tors. In addition, the invention includes transgenic mice that 
have at least one fibroid associated allele and the use of these 
mice to assay compounds for their potential benefit in treating 
leiomyomas. 

BACKGROUND OF THE INVENTION 

0004 Fibroids are benign uterine tumors that have been 
estimated to occur to some degree in more than 75% of 
women of reproductive age (Cancer Research 62:3766-3772 
(2002); Cramer, et al., Am. J. Clin. Pathol. 94:435-438 
(1990)). About 20-50% of women with fibroids experience 
symptoms and, depending upon the size and location of their 
tumors, these may include infertility, urinary incontinence, 
constipation, menorrhagia (prolonged and profuse uterine 
bleeding) and abdominal pain (Vollenhoven et al. Brit. J. 
Obstet. Gynaecol. 97:285-298(1990)). More than 200,000 of 
these women undergo hysterectomies each year in the United 
States (Walker, et al., Science 308:1589-1592 (2005)). 
0005. Although the causes of fibroids are not completely 
understood, genetic factors appear to be an important contrib 
uting component. In this regard, recurring cytogenetic abnor 
malities associated with human leiomyoma have been 
mapped to two specific high mobility group (HMG) gene loci. 
Rearrangements at 12q14-15 map to HMGA2, formerly 
HMGIC, and rearrangements at 6p21 map to HMGA1, for 
merly HMGI/Y (Hess, et al., Am. J. Clin. Pathol. 109:251-261 
(1998); Ligon, et al., Genes Chromosomes Cancer 28:235 
245, (2000)). Alterations involving at least one of these loci 
have been observed in up to 30% of chromosomally abnormal 
leiomyomas. 
0006. The genetic rearrangements described above are 
Somatic in nature, i.e., they occur in tumor cells and would not 
ordinarily be expected to be present in the normal cells of a 
patient or transmitted to a patient's offspring. Whether there 
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are hereditary factors that predispose women to develop these 
rearrangements or uterine fibroids in general is largely 
unknown. The identification of such factors could help in 
counseling women concerning reproductive issues and in 
deciding between therapeutic options. 

SUMMARY OF THE INVENTION 

0007. The present invention is directed to a specificallelic 
form of the HMGA2 gene characterized by 27 repeats of TC 
in the 5' untranslated region that has been found to be asso 
ciated with a predisposition for the development of leiomyo 
mas and which is transmitted to offspring. Based upon this 
finding, a diagnostic test may be performed to identify 
women that carry the fibroid associated allele and who, as a 
result, are at greatly increased risk of having problems with 
fibroid tumors. Such women may be more closely monitored 
and, since they are more likely to experience recurring, symp 
tomatic tumors, may be treated more aggressively. 
0008 Human HMGA2 has thus far been found to occur in 
three variant forms designated hereinas variant 1 (also known 
in the art as “isoform a”), variant 2 (also known in the art as 
“isoform b”) and variant 3 (also known in the art as “isoform 
c'). DNA sequences for these isoforms are shown in FIGS. 
1-3 respectively and a comparison of the variant proteins is 
shown in FIG. 4. Although the variant forms differ somewhat 
with respect to the protein that they produce, they are all 
essentially the same with respect to the portions of their 5 
untranslated region (UTR) that are relevant to the present 
invention. In each case there is a stretch of consecutive TC 
dinucleotides that are found approximately 550 nucleotides 5' 
to the ATG start site. The sequence in this section has been 
found to vary; there may be anywhere between 18 and 37 
sequential TCs, each specific length corresponding to a dif 
ferent HMGA2 allele of either variant 1, 2 or 3. The particular 
allele that the inventors have found to be associated with a 
predisposition for uterine fibroid formation occurs when 
there are 27 consecutive TC repeats. To simplify the descrip 
tion for the purposes of the present invention and because of 
the great similarity of variants in the region of interest, we will 
refer simply to an “HMGA2 allele” but, unless otherwise 
indicated, it will be understood that this term actually refers to 
any HMGA2 gene having a 5' UTR with the 27 TC repeat 
element regardless of the HMGA2 variant that this UTR is 
associated with. 
0009. In its first aspect, the invention is directed to a 
method of assessing the risk of a woman forming uterine 
fibroids by determining if her genome includes an allelic form 
of HMGA2 in which the TC dinucleotide is sequentially 
repeated 27 times in the gene's 5' UTR. Since a genetic 
predisposition will be present throughout life, women carry 
ing the 27 TC repeat are expected to have recurrent problems 
and, overall, to be more likely to experience symptomatic 
fibroids than women that do not have this allele. The number 
of repeats present may be assessed by PCR amplifying the TC 
rich portion of the HMGA2 UTR, i.e., by amplifying a 
sequence lying 400-800 nucleotides 5' (and preferably 500 
700 nucleotides 5') to the HMGA2 ATG translation start 
sequence. The amplification product produced should gener 
ally be 54-400 nucleotides in length and may be further char 
acterized by sequence analysis, by size analysis (e.g., using 
electrophoresis) or by performing a hybridization procedure. 
Two particular DNA sequences that have been found to be 
effective as PCR primers for carrying out this analysis (SEQ 
ID NO:11 and SEQID NO:12) are shown in FIGS. 1-3. These 
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primers, or others, may be included as part of a diagnostic kit 
along with instructions for carrying out the diagnostic assay. 
0010. In another aspect, the invention is directed to a sub 
stantially pure DNA sequence comprising a region encoding 
either the human HMGA2 protein variant 1 (SEQID NO:1), 
variant 2 (SEQ ID NO:2) or variant 3 (SEQ ID NO3) or the 
mouse HMGA2 protein (SEQ ID NO:8). This DNA should 
also include a 5' UTR having 27 sequential copies of a TC 
repeat which are preferably located approximately 550 nucle 
otides 5' to the ATG initiation sequence. The invention also 
includes vectors containing this DNA and host cells trans 
formed with these vectors. 
0.011 The invention also encompasses transgenic mice 
that have been engineered to include an HMGA2 gene with 
characteristics found to predispose women to the formation 
of uterine fibroids. Specifically, the gene should have 27 
sequentially repeated TC dinucleotides, preferably located 
500-700 nucleotides 5' to the ATG translation start codon. The 
transgenic mice may be used as part of a method for assaying 
test compounds to determine whether they may be of value in 
the treatment or prevention of leiomyomas. For example, a 
test compound may be administered to transgenic mice and 
then the number and size of uterine fibroid tumors that 
develop can be determined. By comparing these results with 
those obtained from similar mice not administered test com 
pound, a conclusion can be reached as to whether the com 
pound is having an effect on the occurrence or severity of 
fibroid tumor formation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1: FIG. 1 shows the cDNA sequence of human 
HMGA2 variant 1 (SEQID NO:4), including 811 nucleotides 
in the 5' untranslated region. The TC rich region in the UTR is 
underlined and two primer sequences Successfully used for 
PCR amplification are shaded. The ATG start site is both 
underlined and shaded. 
0013 FIG. 2: FIG. 2 shows the cDNA sequence of human 
HMGA2 variant 2 (SEQ ID NO:5), and also includes 811 
nucleotides in the 5' UTR. The TC rich region is underlined 
and two primer sequences used for PCR amplification are 
shaded. The ATG start site is both underlined and shaded. 
0014 FIG. 3: FIG.3 shows the cDNA sequence of human 
HMGA2 variant 3 (SEQID NO:6), Shading and underlining 
are the same as for FIGS. 1 and 2. Although the protein 
encoded by this variant is different than for variants 1 and 2. 
the location of the ATG start sequence and TC rich region in 
the UTR is the same. It should also be noted that the same 
primers can be used for PCR amplification of the TC rich 
region. 
0015 FIG. 4: FIG. 4 shows a comparison of the proteins 
produced by the three variant HMGA2 DNA sequences (SEQ 
ID NOs: 1-3). The portions of the proteins that differ from one 
another are underlined. 

DESCRIPTION OF SEQUENCES 

0016 Sequences used herein include HMGA2 protein and 
nucleotide sequences from both the human and mouse. These 
sequences are referred to by sequence identification numbers 
and are shown in the attached sequence listing. They have 
been described in various references including: Manfioletti, 
etal. Nucl. Ac. Res. 19:6793-6797 (1991): Schoenmakers, et 
al., Genes Chromosomes Cancer 11:106-118 (1994); Zhou, 
et al., Nucl. Ac. Res. 24:4071-4077 (1996); Reeves, et al., 
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Biochim. Biophys. Acta 1519:13-29 (2001); Borrmann, et al., 
Oncogene 22:756-760 (2003); and Hauke, et al., Biochim. 
Biophys. Acta 1729:24-31 (2005)). Each sequence is briefly 
described below; . 

0017 SEQID NO:1 Human HMGA2 variant-1 protein 
sequence; GenBank accession no. U28749; 109 amino 
acids long. 

(0.018 SEQID NO:2 Human HMGA2 variant-2 protein 
sequence: NCBI accession no. NP 003475 (GenPrt): 
106 amino acids long. 

(0.019 SEQID NO:3 Human HMGA2 variant-3 protein 
sequence; 92 amino acids long; This protein is shorter 
than either variant 1 or 2 and has a distinct C-terminus. 

0020 SEQID NO:4 Human HMGA2 variant 1 cDNA 
sequence including 811 nucleotides in the 5' untrans 
lated region (UTR); GenBank accession no. U28749; 
ATG initiation codon starts at position 812; TC rich 
region at positions 255-310. 

0021 SEQID NO:5 Human HMGA2 variant 2 cl NA 
sequence including 811 nucleotides in the 5' UTR; cod 
ing sequence 812-1141; TCrich region at positions 255 
310. This variant has multiple differences in the coding 
region compared to variant 1, including an alternate 
exon which results in an early stop codon. The resulting 
protein has a distinct C-terminus and is shorter than 
variant 1. 

0022 SEQID NO:6 Human HMGA2 variant 3 clNA 
sequence including 811 nucleotides in the 5' UTR; TC 
rich region at positions 255-310; coding sequence 812 
1090; This variant produces a protein that is shorter than 
that produced by either variant 1 or 2 but note that the 
ATG start site and TC rich region are in the same posi 
tions. 

0023 SEQ ID NO:7 Human genomic sequence of 
HMGA2 exon 1, including 2257 nucleotides 5' to ATG 
initiation site (at position 2258); GenBank accession no. 
U28750; TC rich region found at nucleotides 1701 
1754. 

0024 SEQID NO:8 Mouse HMGA2 protein sequence: 
NCBI accession no. P52927 (Swissprot); 108 amino 
acids long. 

(0.025 SEQ ID NO:9 Mouse HMGA2 cDNA sequence 
including 86 nucleotides in the 5 UTR; GenBank acces 
sion no. X58380; ATG initiation codon starts at position 
87. 

0026 SEQ ID NO:10 Mouse genomic sequence of 
HMGA2 exon 1, including 900 nucleotides of 5' UTR: 
GenBank accession no. X99915; ATG initiation codon 
starts at position 901. 

(0027 SEQ ID NO:11 First primer for PCR amplifica 
tion of human HMGA2 sequences. 

(0028) SEQ IDNO:12 Second primer for PCR amplifi 
cation of human HMGA2 sequences. 

Definitions 

0029. The following definitions are provided for the pur 
pose of comprehension of the present invention but are not 
meant to be limiting. 
0030 TC repeats: The present document refers to TC 
repeat sequences in the 5' UTR of the HMGA2 gene. It will be 
understood that this means sequential repeats, i.e., 27 TCs in 
a row, and not repeats located anywhere in the region. 
0031 Recurrent fibroids: The term “recurrent fibroids 
refers to any new uterine fibroids that recur in the same 
individual. For example, a woman that has fibroids which, 
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either naturally or as the result of treatment, are eliminated 
would be said to have a recurrence if any new uterine fibroids 
develop in the future. The term does not necessarily mean that 
the exact same fibroids that were eliminated grow back. 
0032 Symptomatic fibroids: This term refers to uterine 
fibroid tumors that produce a significant adverse biological 
effect such as infertility, urinary incontinence, constipation, 
menorrhagia (prolonged and profuse uterine bleeding) or 
pain. 
0033 DNA Construct: A DNA construct, as this term is 
used herein is any DNA produced or synthesized in which 
there are two or more distinct elements. For example, the 
structural sequence of a gene when combined with a particu 
lar 5' UTR could constitute a construct. 
0034 Vector: A plasmid, phage, or other DNA sequence 
which is able to replicate autonomously in a host cell, and 
which is characterized by one ora small number ofrestriction 
endonuclease recognition sites. A foreign DNA fragment 
may be spliced into the vector at these sites in order to bring 
about the replication and cloning of the fragment. The vector 
may contain a marker Suitable for use in the identification of 
transformed cells. For example, markers may provide tetra 
cycline or amplicillin resistance. 
0035 Expression vector: A vector which is capable of 
inducing the expression of the DNA that has been cloned into 
it after transformation into a host. The cloned DNA is usually 
placed under the control of (i.e., operably linked to) certain 
regulatory sequences such as promoters or enhancers. Pro 
moter sequences may be constitutive, inducible or repress 
ible. 
0036) Isolated: The term “isolated refers to a molecule 
that has been removed from its native environment. For 
example, a protein or gene present in a living animal is not 
"isolated,” but the same protein or gene separated from the 
materials of its natural state, e.g., purified by some biochemi 
cal procedure, is "isolated.” 
0037. Substantially Pure: When the term “substantially 
pure' is used in reference to a molecule, it means that the 
concentration of the molecule has been increased relative to 
molecules associated with it in its natural environment, or the 
environment in which it was produced, found or synthesized. 
Naturally associated molecules include proteins, nucleic 
acids, lipids and Sugars but generally do not include water, 
buffers, and reagents added to maintain the integrity or facili 
tate the purification of the molecule being purified. According 
to this definition, a substance may beat least 60%, 80%, 90%, 
95% or 99% pure when considered relative to its contami 
nantS. 

0038 Host: Any prokaryotic or eukaryotic cell that is the 
recipient of a replicable expression vector or cloning vector is 
the “host' for that vector. The term encompasses prokaryotic 
or eukaryotic cells that have been engineered to incorporate a 
desired gene into its chromosome or in its genome. Examples 
of cells that can serve as hosts are well known in the art, as are 
techniques for cellular transformation (see e.g. Sambrook et 
al., Molecular Cloning: A Laboratory Manual, 2nd ed. Cold 
Spring Harbor (1989)). 
0039) Promoter: A DNA sequence typically found in the 5' 
region of a gene, located proximal to the start codon. Tran 
scription is initiated at the promoter. If the promoter is of the 
inducible type, then the rate of transcription increases in 
response to an inducing agent. 
0040. Operably linked: The term “operably linked” refers 
to genetic elements that are joined in Such a manner that 
enables them to carry out their normal functions. For 
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example, a gene is operably linked to a promoter when its 
transcription is under the control of the promoter and Such 
transcription produces the protein normally encoded by the 
gene. 

DETAILLED DESCRIPTION OF THE INVENTION 

I. Assays 
0041 Diagnostic assays for determining whether cells 
derived from a woman have the allelic form of HMGA2 
associated with a predisposition for fibroid formation may be 
performed by PCR amplifying polynucleic acid that has been 
extracted from cells using methods well known in the art. 
Amplification may be performed using the primers and pro 
cedures described, for example, in Ishwad, et al., Hum. Genet. 
99:103-105 (1997). The primers used therein are: 5' CCG 
ACT GCC CAAGGC ACTTT3' (sense, SEQID NO:11) and 
5' TCG CGGGTT GGG ATC AGG 3' (antisense, SEQ ID 
NO:12) but other primers based upon the known HMGA2 
gene sequence may also be employed. PCR reactions may be 
performed in a Small reaction Volume, e.g., 25 ul, using for 
example: 10 mM Tris (pH 9.0), 50 mM KCl, 1.5 mM MgCl2, 
0.01% Triton X-100 mM each dNTPs, 40 nM unlabeled 
primer, 0.5 unit Taq polymerase and 100-200 ng of genomic 
DNA. In cases where the PCR product will be analyzed by 
electrophoresis or by hybridization, it may be desirable for 
one of the primers to be end-labeled with P-ATP, e.g., using 
T4 polynucleotide kinase. 
0042 PCR reactions will involve repeated cycles of dena 
turation, annealing and elongation. For example, DNA may 
be denatured at 95°C. for 7 min. and subjected to 30 cycles of 
denaturation at 94° C. for 45 s, annealing at 68° C. for 45 s, 
strand elongation at 72°C. for 45s and final elongation at 72° 
C. for 10 min. PCR products are preferably analyzed by 
sequencing using standard methodology. However, other 
methods of analysis are also possible. For example, Ishwadet 
al. uses an electrophoretic procedure in which PCR products 
are diluted 1:1 with loading buffer (95% deionized forma 
mide, 20 mM EDTA, 0.025% Xylene cynol, 0.025% bro 
mophenol blue). The diluted (4 ml) samples are then heat 
denatured and subjected to electrophoresis through 7% poly 
acrylamide gels containing 5.6 Murea and 32% formamide 
for 3 hat 55° C. Finally, gels are exposed to X-ray film at -80° 
C. and allelic sizes are determined by direct comparison to an 
M13 sequencing ladder. 
0043 Alternatively, assays may be developed based upon 
hybridizations performed under Stringent conditions using 
probes that bind only to a specific allelic sequence. The 
probes should be a minimum of 15 nucleotides in length and 
must cover at least a portion of the 5' untranslated region of 
HMGA2. Stringent conditions would typically involve 
hybridization at a temperature of 60-70° C. with a low salt 
concentration (e.g., 0.02 M to 0.15 MNaCl). Procedures for 
selecting and labeling probes as well as for carrying out 
hybridizations and analyzing results are well known in the art 
of molecular biology (see, e.g., Sambrook, et al., Molecular 
Cloning: A Laboratory Manual, Cold Spring Harbor Labo 
ratory Press, Cold Spring Harbor, N.Y. (1989)). 

II. Diagnostic Kits 
0044) The invention also includes diagnostic kits that can 
be used for performing assays to determine whether a woman 
carries an HMGA2 allele that predisposes her to the forma 
tion of uterine fibroids. A kit will comprise at least one con 
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tainer with one or more components needed to conduct the 
assay. For example, the container may include a primer nec 
essary for a PCR based assay (e.g., having a sequence corre 
sponding to that of SEQID NO:11 or 12) or a probe needed 
for a hybridization step. Typically, a kit will contain all of the 
components needed to perform a PCR amplification or a 
hybridization based assay (with the possible exception of 
Some common laboratory reagents such as water, buffers salts 
etc.) along with instructions for performing the assay. 
Reagents for the sequencing of amplification products may 
also be included in kits. However since sequencing equip 
ment may vary somewhat from laboratory to laboratory, these 
reagents will typically be omitted. The assay components in 
kits may either be ready for immediate use or they may be in 
a lyophilized or concentrated State, requiring reconstitution 
or dilution before use. 

III. DNA Constructs, Recombinant Cells and Transgenic Ani 
mals 

0045. The invention includes DNA constructs that can be 
used to introduce the 27TC repeat described herein into the 5' 
untranslated region of the HMGA2 gene of cells and to 
recombinant cells engineered to incorporate the DNA con 
structs into their genomic DNA or transformed with a vector 
containing the fibroid associated allele. Embryonic stem cells 
which have been engineered to contain an allelic form of 
HMGA2 associated with a predisposition to uterine fibroids 
(i.e., an allele having the 27 TC repeat in its 5' UTR, prefer 
ably between 400 and 800 nucleotides upstream of the 
HMGA2 ATG start codon) can be incorporated into a devel 
oping embryo and, ultimately, used to produce transgenic 
mice which may be studied by scientists interested in deter 
mining the mechanisms promoting fibroid growth or in evalu 
ating drugs with potential use in the treatment of patients with 
fibroids. Both the transgenic mice per se and the assays in 
which they are used are also part of the invention. 
0046 A. DNA Constructs 
0047 DNA constructs can take essentially two different 
forms. First, constructs may take the form of an expression 
vector in which a promoter is operably linked to a region that 
encodes the HMGA2 sequence (either human or mouse) and 
includes between 50 and 1000 nucleotides of 5' untranslated 
sequence, preferably corresponding to regions found in wild 
type cells. These vectors may be used to transform cells to 
study the effect of the 5' UTRTC repeats (especially the 27 
TC repeat) on HMGA2 translation and cell biology. Standard 
methods for making vectors of this type and for transforming 
host cells may be used and are well known in the art (see, e.g., 
Sambrook, et al., Molecular Cloning. A Laboratory Manual, 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 
N.Y. (1989)). 
0048 DNA constructs may also be made for the purpose 
of introducing the fibroid-associated HMGA2 allele (27 TC 
repeats) into the 5'UTR ofan endogenous HMGA2 gene (i.e., 
a gene normally found in a cell as opposed to having been 
recombinantly introduced) by homologous recombination. 
This entails essentially the same technology as has been used 
in other contexts for the production of “knockout' mice. 
Typically, constructs of this type will contain a short insertion 
region (e.g., 50-100 nucleotides long) in which the wild type 
sequence (i.e., the sequence normally found in the cell) is 
modified in some manner (e.g., to include a chosen TC repeat 
region). The insertion region is flanked by two targeting 
sequences that exactly match endogenous sequences on 

Jul. 22, 2010 

either side of the genomic site where the insertion region is to 
be located (in this case, regions from the HMGA2 gene). The 
targeting segment used in constructs may be derived from the 
sequences of the mouse HMGA2 gene (see SEQ ID NOs:9 
and 10) and constructs can be made and tested using methods 
that are routine in the field of molecular biology (see, e.g., 
Sambrook, et al., Molecular Cloning. A Laboratory Manual, 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 
N.Y. (1989)). 
0049. In addition, most constructs for homologous recom 
bination will include a marker sequence that can be used in 
selecting host cells in which integration of constructs into the 
genome has occurred. The marker sequence will typically be 
an antibiotic resistance gene or other gene whose expression 
can be easily detected and which is not normally present in the 
host. The marker gene may be expressed in the host cell either 
as a result of its being operably linked to a promoter in the 
construct, or by coming under the control of a native gene 
promoter after genomic integration. In cases where it is part of 
the construct, the promoter should be selected based upon its 
having a high activity in the particular host cell undergoing 
homologous recombination. A typical example of a promoter 
suitable for use in mouse cells is the promoter of the phos 
phoglycerate kinase gene and the most preferred gene for use 
as a marker is the neomycin resistance gene (Neo). Cells 
which have integrated Neo into their genome and which are 
expressing this gene are resistant to G418. Thus, a simple 
means is provided for selecting recombinant cells. 
0050. In addition to a marker gene used for identifying 
cells that have undergone homologous recombination, the 
constructs of the present invention will typically include a 
gene that can be used for distinguishing between cells in 
which recombination has occurred at the correct locus and 
cells in which recombination has occurred elsewhere in the 
genome. Preferably, this “selection sequence” will consist of 
the HSV-thymidine kinase gene under the control of an 
appropriate promoter. The combination of a marker sequence 
for selecting all cells that have undergone homologous 
recombination (e.g., Neo) and a selection sequence for dis 
tinguishing site specific integration from random integration 
(e.g., thymidine kinase) has been termed "positive-negative 
selection' and details of both the procedure and the produc 
tion of constructs appropriate for the procedure are well 
known in the art (see Capecchi, TIG 5:70 (1989); Mansour, et 
al., Nature 336:348 (1988); Thomas, et al., Cell 51:503 
(1987); and Doetschman, et al., Nature 330:576 (1987)). 
0051. The DNA construct described above may be trans 
fected directly into appropriate host cells or it may first be 
placed in a vector for amplification prior to transfection. 
Preferred vectors are those that are rapidly amplified in bac 
terial cells such as the p3luescript IISK vector (Stratagene, 
San Diego, Calif.) or pGEM 7 (Promega Corp., Madison, 
Wis.). DNA constructs may be either circular or linear. How 
ever, it is generally preferred that prior to transfection into 
host cells, circular constructs be linearized. 
0052 B. Host Cells Comprising DNA Constructs 
0053. The present invention encompasses cells which 
have been genetically engineered using the DNA constructs 
described above. This includes without limitation, cells from 
humans, rats, hamsters, mice, etc. In cases where transgenic 
animals are being made, the most preferred host cells are 
mouse embryonic stem (ES) cells. ES cells should be selected 
based upon their ability to integrate into and become part of 
the germ line of a developing embryo. Any ES cell line that 
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has this characteristic may be used, e.g., the murine cell line 
D3 (ATCC Catalog No. CRL1934). After appropriate host 
cells have been chosen, they are cultured and prepared for 
DNA insertion using methods well-known in the art (see, e.g., 
Robertson. In Teratocarcinomas and Embryonic Stem Cells. 
A Practical Approach, E. J. Robertson, ed. IRL Press, Wash 
ington, D.C. (1987); Bradley, et al., Current Topics in Devel. 
Biol. 20:357-371 (1986); and Hogan, et al., Manipulating the 
Mouse Embryo. A Laboratory Manual, Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y. (1986)). 
0054 The introduction of constructs into host cells can be 
accomplished using any of a variety of methods such as 
electroporation, microinjection or calcium phosphate treat 
ment. In the case of embryonic stem cells, the preferred 
method of insertion is electroporation. If the DNA construct 
has been inserted into a vector, it is preferred that the DNA be 
linearized prior to transfection. Linearization can be accom 
plished by digesting the DNA vector with a restriction endo 
nuclease selected to cut outside of the construct sequence. 
0055. The screening of transfected cells can be carried out 
using several different methods. In cases where an antibiotic 
resistance gene has been used as a marker, cells can be cul 
tured in the presence of antibiotic to identify recombinants. In 
cases where other types of markers are used, Southern hybrid 
izations may be carried out using labeled probes specific for 
the marker sequence. Finally, if the marker gene encodes an 
enzyme whose activity can be detected (e.g., beta-galactosi 
dase), enzymatic assays may be performed. 
0056 Although one may introduce a human HMGA2 
fibroid-associated allele into the mouse genome at any posi 
tion, in most cases it will be preferable to either replace all or 
part of an endogenous mouse allele or to modify the 5' UTR 
ofan endogenous mouse allele. Thus, it willusually be advan 
tageous not only to identify cells in which recombination has 
occurred, but also to distinguish specific recombination, i.e., 
integration at the proper genomic location, from random 
insertion events occurring elsewhere in the genome. To iden 
tify cells with proper integration, chromosomal DNA can be 
extracted from cells using standard methods and Southern 
hybridizations can be performed using probes designed to 
hybridize specifically to DNA derived from constructs. Alter 
natively, PCR amplification can be performed using primers 
that will only act in cells where homologous recombination 
has occurred or which will produce a distinctive product of 
known size from Such cells. 

0057. One way to enrich preparations for recombinants 
modified at the HMGA2 5' UTR site is to incorporate an 
HSV-thymidine kinase gene into constructs at a position adja 
cent to the targeting segment. The construct is designed so 
that the HSV-tk gene is only transferred to the host cell 
genome when recombination does not occur at the proper 
genomic site. Because the HSV-tk gene makes cells Suscep 
tible to the drug gancyclovir, the exposure of recombinants to 
this drug will negatively select against cells in which random 
integration has occurred (see Mansour, et al., Nature 336:348 
(1988)). 
0058. It will be appreciated that homologous recombina 
tion will result in the modification of one HMGA2 allele 
much more frequently than in the disruption of both alleles. If 
one desires to produce cells that are modified at both alleles, 
it will probably be necessary to conduct a second round of 
homologous recombination on cells that have already been 
selected as having one allele modified. In the second round of 
transfection, a marker should be used that is different from the 
marker used in producing the initial recombinants. For 
example, if a neomycin resistance gene was used to produce 
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cells with one modified allele, beta-galactosidase may be 
used as a marker in the second construct. Screening for cells 
that have incorporated DNA at the desired genomic site may 
be carried out as described above. 
0059 C. Development of Transgenic Animals 
0060 Embryonic stem cells engineered to contain a spe 
cific HMGA2 allele and produced by homologous recombi 
nation as described above may be used to make transgenic 
animals. In particular, animals may be produced which con 
tain at least one HMGA2 allele with the 27 TC repeat region 
that has been associated with an increased risk of fibroid 
formation. Animals may also be produced that have other 
HMGA2 alleles or in which both alleles are modified. The 
methodology needed to make such animals can be adapted to 
any non-human animal Such as hamsters, rats or, preferably, 

1CC. 

0061 The first step in the making of transgenic animals is 
to produce ES cells modified by homologous recombination 
so that they have the desired alleles. This may be accom 
plished using the procedures described above or other similar 
procedures. The next step is to incorporate the mutant embry 
onic stem cells into an embryo. The preferred method for 
accomplishing this is by microinjection into an embryo at the 
blastocyst stage of development. In mice, blastocysts at about 
3.5 days of development may be obtained by perfusing the 
uterus of pregnant animals (Bradley, in: Teratocarcinomas 
and Embryonic Stem Cells: A Practical Approach, Robert 
son, E. D., IRLP Press, Washington, D.C. (1987)). Preferred 
blastocysts are male and have genes coding for a coat color or 
another phenotypic marker that is different from the corre 
sponding marker encoded by the stem cell genes. In this way, 
offspring are produced that can be easily Screened for the 
presence of altered HMGA2 alleles. For example, if the ES 
cell line carries the gene for a white coat, the embryo selected 
will, preferably, carry the gene for a black or brown coat and 
offspring carrying a chosen allele should have mosaic coats. 
0062. After the embryonic stem cells have been incorpo 
rated into the blastocyst, the chimeric embryo is implanted 
into the uterus of a pseudopregnant animal. Such animals may 
be prepared by mating females with vasectomized males of 
the same species. The pseudopregnant stage of the female is 
important for Successful implantation and will vary from 
species to species. For mice, females about two to three days 
pseudopregnant should typically be used. 
0063. After chimeric embryos have been implanted into 
pseudopregnant animals, they are allowed to develop to term 
and offspring are then screened for the presence of the chosen 
HMGA2 allele. In cases where a phenotype selection strategy 
has been employed, e.g., based upon coat color as described 
above, initial screening may be accomplished by simple 
inspection of animals for mosaic coat color or some other 
readily apparent phenotypic marker. In addition, or as an 
alternative, chromosomal DNA may be obtained from the 
tissue of offspring, e.g., from the tail tissue of mice, and 
screened for the presence of a modified nucleotide sequence 
at the 5' UTR of the HMGA2 gene locus using Southern blots 
and/or PCR amplification. 
0064. Once offspring have been identified carrying the 
desired HMGA2 allele, they can be interbred to produce 
homozygous animals. Heterozygotes may be identified using 
Southern blots or PCR amplification as described above. 
Homozygotes may be identified by Southern blotting of 
equivalent amounts of genomic DNA obtained from the off 
spring of crossed heterozygotes, from the heterozygotes 
themselves, and from wild-type animals. Probes should be 
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designed to bind to a portion of the HMGA2 gene sequence 
present in all animals and the presence of mutant alleles can 
be determined by the relative position of bands in autoradio 
graphs. Alternatively, analysis may be performed based upon 
the relative sizes of PCR amplification products. 
0065 Homozygous transgenic animals may be interbred 
to provide a continual Supply of animals that can be used in 
identifying biological characteristics or pathologies depen 
dent upon the presence of the selected HMGA2 allele (pref 
erably the 27 TC repeat allele) and in cases where a predis 
position to fibroid formation is identified, in evaluating drugs 
in the assays described below. 
0066 
0067 Transgenic animals found to have a predisposition 

to the development of uterine fibroids can be used to help in 
the identification and development of new therapeutic agents. 
Specifically, these animals may be administered test com 
pounds either prior to or after fibroids develop in order to 
determine whether the compounds have an effect on occur 
rence (the number of fibroids that form and the rapidity at 
which they form) or severity (the size of tumors). The assays 

D. Assay Methods Utilizing Transgenic Animals 

SEQUENCE LISTING 
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may involve either screening multiple compounds or they 
may entail a more thorough study of one or more selected 
compounds. In the latter case, assays will typically involve 
utilizing transgenic animals divided into a variety of experi 
mental groups. For example, animals may be placed in treat 
ment group that receives the compound being tested and a 
control group that does not. For comparison, normal non 
transgenic mice may also be included in a study. In general, it 
is desirable to use Sufficient animals in each group to assure 
that statistically significant results can be obtained. Apart 
from the compound tested, parameters that may be varied 
include the duration of drug delivery, dosage, route of admin 
istration or dosage form. It may also be desirable to test 
combinations of agents or to test animals at various ages or 
physiological states. 
0068 All references cited herein are fully incorporated by 
reference in their entirety. Having now fully described the 
invention, it will be understood by those of skill in the art that 
the invention may be practiced within a wide and equivalent 
range of conditions, parameters and the like, without affect 
ing the spirit or scope of the invention or any embodiment 
thereof. 

< 16 O > NUMBER OF SIEQ ID NOS : 12 

< 210 > SIEQ IID INO 1. 
&211s LENGTH: 109 
K2 12 > TYPE : PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 1 

Met Ser Ala Arg Gly Glu Gly Alla Gly Gln Pro Ser Thr 
1. 5 1O 

Gly Gln Pro Ala Ala Pro Ala Pro Gln Lys Arg Gly Arg 
2O 25 

Arg Lys Gln Gln Gln Glu Pro Thr Gly Glu Pro Ser Pro 
35 4 O 45 

Arg Gly Arg Pro Lys Gly Ser Lys Asn Lys Ser Pro Ser 
SO 55 60 

Gln Lys Lys Alla Glu Alla Thr Gly Glu Lys Arg Pro Arg 
65 70 75 

Arg Lys Tirp Pro Gln Gln Val Val Gln Lys Lys Pro Alla 
85 90 

Thr Glu Glu Thr Ser Ser Gln Glu Ser Alla Glu Glu Asp 
1OO 105 

< 210 > SIEQ IID NO 2 
&211s LENGTH: 106 
K2 12 > TYPE : PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 2 

Met Ser Ala Arg Gly Glu Gly Alla Gly Gln Pro Ser Thr 
1. 5 1O 

Gly Gln Pro Ala Ala Pro Ala Pro Gln Lys Arg Gly Arg 
25 

Arg Lys Gln Gln Gln Glu Pro Thr Gly 

Ser 

Gly 
3 O 

Lys 

Lys 

Gly 

Gln 

Alla 
15 

Arg 

Arg 

Alla 

Arg 

Gln 

Alla 

Ser Alla Gln 
15 

Gly Arg Pro 
3 O 

Glu Pro Ser Pro Lys Arg Pro 
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- Continued 

tgttggccala acatggtgca ccgagtgatt tccatctctg gt aaagt tac acttttattt 378 O 

cctg tatgtt gtacaatcaa alacacactac tacct cittaa gtcc.cagtat acct cattitt 384 O 

t catactgaaaaaaaaagct tdtggccaat ggaac agitaa gaa catcata aaatttittat 3900 

atatatagitt tatttt tgtg ggagataaat tittataggac tgttctt tgc tgttgttggt 396 O 

cgcagc taca taagac tigga catttaactt ttctaccatt t ctgc aagtit aggtatgttt 4 O2O 

gcaggagaaa agtatcaaga cgt ttaactg cagttgactt tct ccctgtt cctttgagtg 4 O8O 

t citt cita act ttatt citt tg ttc ttt atgt aga at tgc tg t citat gattg tactttgaat 414 O 

cgcttgcttgttgaaaat at ttct c tagtg tattat cact gtctgttctg. cacaataaac 42OO 

ataacagic ct ctg tgat c c c c atgt gtttt gattc ct gct ctttgitt ac a gitt ccattaa 426 O 

atgagt aata aagt.t.t.ggtC aaaac agaaa aaaaaaaa 4298 

< 210 > SEQ IID INO 7 
&211s LENGTH: 2701 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

< 221 > NAMEE/KEY : misc feature 
<222s. LOCATION: (98) ... (98) 
<223> OTHER INFORMATION: n is a, c, g, or t 
22 Os. FEATURE: 

< 221 > NAMEE/KEY : misc feature 
<222s. LOCATION: (147) . . (147) 
<223> OTHER INFORMATION: n is a c, g, or t 
22 Os. FEATURE 

< 221 > NAMEE/KEY : misc feature 
<222s. LOCATION: (386) ... (386) 
<223> OTHER INFORMATION: n is a, c, g, or t 
22 Os. FEATURE: 

< 221 > NAMEE/KEY : misc feature 
<222s. LOCATION: (2432) . . (2437) 
<223> OTHER INFORMATION: n is a, c, g, or t 
22 Os. FEATURE: 

< 221 > NAMEE/KEY : misc feature 
<222s. LOCATION: (2482) . . (24.82) 
<223> OTHER INFORMATION: n is a, c, g, or t 
22 Os. FEATURE: 

< 221 > NAMEE/KEY : misc feature 
<222s. LOCATION: (2493) . . (2493) 
<223> OTHER INFORMATION: n is a, c, g, or t 
22 Os. FEATURE: 

< 221 > NAMEE/KEY : misc feature 
<222s. LOCATION: (2495) . . (24.95 
<223> OTHER INFORMATION: n is a, c, g, or t 
22 Os. FEATURE: 

< 221 > NAMEE/KEY : misc feature 
<222s. LOCATION: (25O1) . . (25 O1 
<223> OTHER INFORMATION: n is a, c, g, or t 
22 Os. FEATURE 

< 221 > NAMEE/KEY : misc feature 
<222s. LOCATION: (2550) ... (2550 
<223> OTHER INFORMATION: n is a, c, g, or t 
22 Os. FEATURE: 

< 221 > NAMEE/KEY : misc feature 
<222s. LOCATION: (2564) . . (2564) 
<223> OTHER INFORMATION: n is a, c, g, or t 
22 Os. FEATURE: 

< 221 > NAMEE/KEY : misc feature 
<222s. LOCATION: (26 O3) . . (2603) 
<223> OTHER INFORMATION: n is a, c, g, or t 
22 Os. FEATURE: 

< 221 > NAMEE/KEY : misc feature 
<222s. LOCATION: (2670) ... (2670 
<223> OTHER INFORMATION: n is a, c, g, or t 

<4 oo > SEOUENCE: 7 









US 2010/01 84077 A1 Jul. 22, 2010 

- Continued 

gcc.ccggtgc cacagaag.cg aggacgcggC Cacc Cagga agcagcagca agt cagtacg 1 O2O 

ccgacgggag gggccactica gcc cacc 

< 210 > SEQ IID INO 11 
&211s LENGTH: 2O 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Homo sapiens 

<4 OO> SEOUENCE: 11 

ccgactgccc aaggcactitt 

< 210 > SEQ IID INO 1 2 
&211s LENGTH: 18 
< 21-2 > TYPE : DNA 

<213> ORGANISM: Homo sapiens 

<4 OO> SEOUENCE: 12 

tCgCgggttg ggat Cagg 

1-21. (canceled) 
22. A diagnostic kit comprising one or more components 

needed to conduct an assay to determine ifa woman carries an 
HMGA2 allele that predisposes her to the formation of uter 
ine fibroids. 

23. The diagnostic kit of claim 22, comprising an oligo 
nucleotide that can be used to determine ifa woman carries an 
HMGA2 allele that predisposes her to the formation of uter 
ine fibroids. 

25. The diagnostic kit of claim 22, wherein said assay 
comprises: 

a) determining if the genome of said woman includes an 
allelic form of an HMGA2 gene sequence encoding the 
protein of either SEQIDNO:1, SEQIDNO:2 or SEQID 
NO:3, wherein said HMGA2 gene is characterized by a 
repeat sequence (TC), where n=27, located in the 5' 
untranslated region of said gene; and 

b) concluding that said woman is predisposed to develop 
ing uterine fibroids if said allelic form is present. 

26. The diagnostic kit of claim 25, wherein said repeat 
sequence in said assay is located 400-800 nucleotides 5' to the 
ATG translation start codon of said HMGA2 geneas shown in 
SEQID NOs:4-7. 

27. The diagnostic kit of claim 26, wherein said repeat 
sequence is found 500-700 nucleotides 5' to the ATG trans 
lation start of said HMGA2 gene as shown in SEQID NOs: 
4-7. 

28. The diagnostic kit of claim 25, wherein the determina 
tion of step a) in said assay includes an amplification of the 
region of said HMGA2 gene comprising said repeat sequence 
by PCR. 

29. The diagnostic kit of claim 28, wherein said region 
comprises at least 54 sequential nucleotides located in the 
region 400-800 nucleotides 5' to the ATG start codon of said 
HMGA2 gene. 

30. The diagnostic kit of claim 29, wherein the PCR ampli 
fication produces a product 54-400 nucleotides in length. 

31. The diagnostic kit of claim 28, wherein said assay 
further comprises either: 

1 O4 7 

18 

a) sequencing the amplification product produced; 
b) analyzing the size of the amplification product; or 
c) analyzing the amplification product by hybridization 

under stringent conditions. 
32. The diagnostic kit of claim 31, wherein amplification 

by PCR is performed using primers comprising the sequences 
of SEQID NO:11 and SEQID NO:12. 

33. The diagnostic kit of claim 31, wherein amplification 
by PCR is performed using, in part, a primer consisting of the 
sequence of SEQID NO:11. 

34. The diagnostic kit of claim 31, wherein amplification 
by PCR is performed using, in part, a primer consisting of the 
sequence of SEQID NO:12. 

35. A diagnostic kit comprising one or more oligonucle 
otide primers that can be used to amplify an HMGA2 gene 
region by PCR, wherein said gene region includes the TCrich 
region from the 5' untranslated region of said HMGA2 gene. 

36. The diagnostic kit of claim 35, wherein said gene 
region includes at least a portion of the 5' UTR sequence 
located between 400 and 800 nucleotides 5' to the HMGA2 
ATG initiation site. 

37. The diagnostic kit of claim 35, wherein said kit further 
comprises instructions for amplifying the 5" untranslated 
region of the HMGA2 gene of a woman to determine if it 
includes a (TC), repeat sequence. 

38. The diagnostic kit of claim 35, wherein said one or 
more primers include an oligonucleotide comprising the 
sequence of either SEQID NO:11 or SEQID NO:12. 

39. The diagnostic kit of claim 35, comprising a primer 
consisting of the sequence of SEQID NO:11. 

40. The diagnostic kit of claim 35, comprising a primer 
consisting of the sequence of SEQID NO:12. 

41. The diagnostic kit of claim 35, comprising: 
a) a primer consisting of the sequence of SEQ IDNO:11; 
b) a primer consisting of the sequence of SEQ ID NO:12; 
c) instructions for amplifying the 5" untranslated region of 

the HMGA2 gene of a woman to determine if it includes 
a (TC), repeat sequence. 


