
Analysis of Single Nucleotide
Polymorphisms in the
Promoter Region of
Interleukin-10 by Denaturing
High-Performance Liquid
Chromatography

Dorothy Guzowski,1,5 Alamelu
Chandrasekaran,1,5 Craig Gawel,1

Jacqueline Palma,3 Jonathan
Koenig,3 Xue Ping Wang,2 Michael
Dosik,4 Mark Kaplan,2 Charles C.
Chu,1 Sangeeta Chavan,1 Richard
Furie,2 Emilia Albesiano,1 Nicholas
Chiorazzi,1 and Leslie Goodwin1

1North Shore-LIJ Research Institute and 2Health
System, Manhasset, New York; 3Summer Interns,
4North Shore-Hematology/Oncology Associates,
East Setauket, New York; 5These authors
contributed equally to this work

Interleukin-10 (IL10), an anti-inflammatory cytokine,has been
implicated in a variety of immune- and inflammatory-related
diseases.We investigated the following SNPs: �1082, �819,
�592 in the promoter region of IL10 in a normal (control)
population and selected diseases: breast cancer (BrCa), sys-
temic lupus erythematosus (SLE), and B-cell chronic lympho-
cytic leukemia (B-CLL) by denaturing high-performance liquid
chromatography (DHPLC) and found distinct genotype and
haplotype patterns.DHPLC was performed using the Transge-
nomic WAVE instrument, a mutational discovery tool that
allows for high throughout analysis of SNPs.The principle of

DHPLC is based on separation of homo- and heteroduplex
formation of individual polymerase chain reaction products at
specific melting temperatures and set gradients.The melting
temperature selected for each SNP was based on size and
sequence of the polymerase chain reaction product (for
�1082, 57�C; for �819, 58�C; and for �592, 59.2�C).Before
fragment mutational analysis, all samples were denatured at
95�C and slowly reannealed to allow for reassociation of dif-
ferent strands. Heteroduplex samples were easily distin-
guished from homoduplex samples. In order to identify wild
type from homozygous mutant, two homoduplex polymerase
chain reaction samples had to be mixed together, denatured
at 95�C and reannealed.The homozygous mutant,when com-
bined with wild type, displayed a double peak on chro-
matogram. Once distinct chromatograms were established
for each of the SNPs and the nucleotide changes confirmed
by sequencing, genotype and haplotype frequencies were
tabulated for the groups studied.

KEY WORDS: Single nucleotide polymorphisms, promoter
region of interleukin-10, denaturing high-performance liquid
chromatography, systemic erythematosus lupus, breast can-
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Interleukin-10 (IL10) is an important immunoregu-
latory cytokine with pleiotrophic effects.1,2 The
IL10 gene is located on chromosome 1, and its

receptor is located on chromosome 11.3,4 The bio-
logical significance of IL10 is extensive and diverse
because of its role in many diseases. IL10 is known to
play a substantial role in inflammation and immune
processes.5,6 In particular, IL10 has been reported to
inhibit the production of proinflammatory cytokines
tumor necrosis factor alpha (TNF�), interleukin 1�
and � (IL1� and �), interleukin IL6 (IL6), and inter-
leukin 8 (IL8), while stimulating B-cell proliferation,
differentiation, and production.7–9 In addition, IL10
downregulates interferon gamma (IFN�) and TNF by
T helper type 1 (TH1) cells. As a result, IL10 enhances
activation and chemotaxis of T cells.10,11

The varied role of IL10 in discrete diseases has
been well documented.5,6 While it has been shown to
have a beneficial effect in some diseases (i.e., rheuma-
toid arthritis), IL10 has been found to have a deleterious
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action in other diseases such as systemic lupus erythe-
matosus (SLE) and systemic sclerosis.12–14 In addition,
recent studies report an association of IL10 cytokine
expression with breast cancer (BrCa) and B-cell chronic
lymphocytic leukemia (B-CLL). In the case of BrCa,
IL10 appears to have the paradoxical effects of tumor
proliferation and suppression.15 With in vitro studies on
B-CLL, IL10 was reported to affect proliferation of
leukemic B cells by inhibiting cell cycle progression.16

Genotypic variations in the human IL10 promoter
may account for individual variation in IL10 produc-
tion and, in turn, susceptibility to a particular dis-
ease.17–19 Numerous studies have described genetic
polymorphisms in the promoter region of the IL10
gene and their association with either increased or
decreased production of IL10.20–23 Based on a recent
report showing association of different haplotypes
with high and low IL10 producers,24 we have elected
to study the proximal SNPs (�1082, �819, �592) in
the following diseases: SLE, BrCa, and B-CLL.

MATERIALS AND METHODS

Genomic DNA 

Genomic DNA was isolated from blood lymphocytes of
normal volunteers (as controls) and from BrCa, SLE,
and B-CLL patients using either Puregene DNA Isola-
tion Kit (Gentra Systems, Minneapolis, MN) or QIAamp
DNA Mini Kit (Qiagen, Valencia, CA) following manu-
facturers’ instructions. The extracted DNA was quanti-
tated by spectrophotometer and analyzed by agarose
gel electrophoresis containing ethidium bromide and
visualized by UV illumination using Gel Doc (gel doc-
umentation system, Bio Rad, Hercules, CA).

Patient Population

All patient samples included in this study were obtained
with Institutional Review Board approval. The sample
numbers differed in each group. The control population
included a total of 25 DNA samples from in-house vol-
unteers. We analyzed DNA samples from 50 BrCa and
51 SLE patients. Our sample size for B-CLL was small,
comprised less than 20 patients for examination of
genotypic variation in specific promoter regions of IL10.

Single Nucleotide Polymorphisms

Polymorphisms in the promoter region of IL10 were
identified using the National Center for Biotechnology
Information (NCBI) SNP database.25 The particular

IL10 SNPs included in this study were as follows: SNP
change G/A for –1082, NCBI SNP cluster ID
rs1800896; SNP change C/T for –819, NCBI SNP clus-
ter ID rs1800871; SNP change C/A for –592, NCBI
SNP cluster ID rs1800872. 

Polymerase Chain Reaction Primers

The following primer sequences were used to gener-
ate DNA products within the IL10 promoter contain-
ing the specific SNPs:

SNP –1082
Forward primer: 5�CAAGACAACACTACTAAGGC
Reverse Primer: 5�ATTGGCCTTAGAGTTTCTTTTAG.

SNP –819
Forward Primer: 5�TCATTCTATGTGCTGGAGATG
Reverse Primer: 5�GAAGTGGGTAAGAGTAGTCTG

SNP –592
Forward Primer: 5�GACTACTCTTACCCACTTCC
Reverse Primer: 5�GGATTGAGAAATAATTGGGTCC.

Polymerase Chain Reaction Amplifications 

Polymerase chain reaction (PCR) amplifications were
done using the Gene Amp PCR core reagent kit
(Applied Biosystems, Foster City, CA). The final con-
centrations of the PCR reagents were 1X PCR buffer,
2.5 mM MgCl2, 200 �M of each dNTP, 400 nM each for-
ward and reverse primer, 1.25 U of AmpliTaq DNA
polymerase enzyme, and 100–150 ng of genomic DNA
in a 100-�L reaction volume.

Thermal Cycler Conditions 

Thermal cycler conditions were as follows: 94�C for 10
min, 35 cycles of 94�C for 15 sec, 60�C for 15 sec, 72�C
for 1 min, and a final extension at 72�C for 7 min.
Ethidium bromide containing agarose (1.2%) gels
were electrophoresed at 80V and the DNA visualized
by UV illumination to confirm PCR product size.

Analysis by Denaturing High-Performance 
Liquid Chromatography

Denaturing high-performance liquid chromatography
(DHPLC) was performed using the Transgenomic
WAVE instrument, which is based on ion-paired
reversed phase HPLC.26,27 Transgenomic Wave tech-
nology employs proprietary DNASep cartridge with
C18 alkylated polystyrene/divinylbenzene copolymer
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beads. This polymer constitution renders the cartridge
pH and temperature stable with very exact and repro-
ducible retention times.

The Wavemaker 4.1 software used with the control
(or reference) fragment sequence predicts analytical
parameters with a high accuracy for optimal partial
denaturing temperatures essential for fragment separa-
tion and mutational analysis as well as for generation of
distinct and characteristic fingerprints (Transgenomic,
AN112). Once the chromatographic fingerprints are
established for the wild type product or control sam-
ples, the PCR products for each polymorphism are then
analyzed under partially denaturing temperatures to
detect mutations (SNPs). Separation of DNA molecules
containing specific mutations or SNPs is largely depen-
dent on the temperature and gradient selected for each
PCR sequence (predicted using Wavemaker 4.1 soft-
ware). The melting temperatures selected for optimal
separation of amplified DNA products were as follows:
�1082, 57�C; �819, 58�C; �592, 59.2�C.

Confirmation of Polymorphisms

We selected PCR products showing evidence of muta-
tions by DHPLC and then analyzed them by automated
fluorescent sequencing using Big Dye Terminator Kit
and ABI 3100 sequencer (Applied Biosystems) to verify
both nucleotide sequence and presence of specific SNPs
(for �1082, G/A; for �819, C/T; and for �592, C/A).

Quantitative Real-Time PCR

IL10 mRNA expression levels were determined in 42
BrCa samples by quantitative real time PCR (QRT-
PCR). We used TaqMan chemistry and one-step QRT-
PCR for the quantitation of IL10 mRNA. Total RNA
was extracted from peripheral blood lymphocytes
using High Pure RNA isolation kit (Roche, Indi-
anapolis, IN) according to manufacturer’s instructions.
The extracted RNAs were DNase treated using RNase-
free DNase I (Roche) and the RNA concentrations
were determined by measuring the absorbance at 260
and 280 (A260/280) with UV/VIS spectrophotometer.
QRT-PCR was performed using Eurogentec RT qPCR
Master Mix (San Diego, CA) and ABI Prism 7700
Sequence Detection System, SDS (Applied Biosys-
tems). IL10 TaqMan primers and probe were pur-
chased as Pre-Developed Assay Reagent from Applied
Biosystems. Beta-actin was used as endogenous con-
trol gene. TaqMan primers and probes for �-actin
were designed and synthesized at the Core facility of
our Research Institute. Fifty nanograms of total RNA
was used per reaction. Results were analyzed by the

SDS software v1.9.1 and obtained as Ct (threshold
cycle) values. The difference in Ct values between
IL10 and �-actin (�Ct � �Ct) was converted to rela-
tive mRNA expression units by setting �-actin to 105

and dividing by 2�Ct.

RESULTS

Generating IL10 Promoter PCR Products

Three biologically important SNPs (�1082, �819,
�592) located in the promoter region of the IL10 gene
were studied in a normal control population and in
three disease states: BrCa, SLE, and B-CLL. Using
primers specific to promoter regions encompassing
identified SNP, we generated PCR products for each of
the three polymorphic sites. Amplified DNA products
containing the specific IL10 promoter SNPs were elec-
trophoresed through ethidium bromide containing
1.2% agarose gels, and visualized by UV illumination
to determine concentration, purity, and size of each
PCR product. The size of the IL10 promoter PCR prod-
ucts were as follows: for �1082, 192 bp; for �819, 204
bp; and for �592, 319 bp (Fig. 1). PCR products had
to be larger than 150 bp but less than 700 bp to be
analyzed by DHPLC.

Analysis of PCR Samples by DHPLC

Specific melting temperatures for each fragment were
selected with Wavemaker 4.1 software to allow for par-
tial denaturation of the DNA molecules measured as a
50% decrease in DNA helicity, and this in turn resulted
in adequate separation of homozygous from heterozy-
gous double-stranded DNA products (Fig. 2). Single
base-paired mismatches (or SNPs) present within DNA
fragments produced different mobilities shown by
altered (or shorter) retention times on chromatograms.

We established distinct chromatographic patterns
for each of the IL10 promoter SNPs analyzed by
DHPLC. Figure 3a–c shows representative chromato-
graphic patterns obtained for homozygous controls,
heterozygous mutants, and homozygous mutants with
each SNP studied (�1082, �819, �592). In each case,
homozygous DNA samples eluted as single peaks (or
homoduplexes) while heterozygous PCR products
appeared as double peaks (or heteroduplexes).
Although homozygous mutants could be seen to elute
slightly earlier compared with homozygous controls,
this was insufficient to make a determination for the
presence of SNPs. Therefore, samples from chro-
matograms showing homoduplex peaks needed to
be paired together, redenatured at 95�C and slowly
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reannealed. The results from combining DNA homod-
uplex peaks are shown in Figure 4a–c.

When two identical samples were combined
(both homozygous wild type or both homozygous
mutant), the presence of a single peak (or homodu-
plex) was displayed on the chromatogram. If the two
samples combined were different, i.e., homozygous
mutant + homozygous wild type, the DNA fragments
would elute at different mobilities and appear as two

peaks (or heteroduplex). The latter would indicate the
presence of SNP (or nucleotide change) in one of the
combined samples. This effect was noted across chro-
matograms from all three IL10 promoter SNPs ana-
lyzed. Chromatographic fingerprints for each IL10
promoter polymorphism, �1082, �819, and �592,
obtained by DHPLC analysis for wild type, heterozy-
gous, and homozygous mutant were subsequently
confirmed by sequencing.
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FIGURE 1

Gel analysis of PCR containing
IL10 SNPs from all groups: nor-
mal (lanes 2, 5, 9); BrCa (lanes 3,
6, 10); SLE (lanes 4, 7, 11), and B-
CLL (lanes 5,8,12). Lane 1 shows
1-kb ladder and lane 14 shows
H20 blank.

FIGURE 2

Temperature melting profiles selected
for partial denaturation of PCR product
(DNA duplex) and subsequent detection
of IL10 SNPs –1082(GA), –819(CT),
–592(CA) by chromatographic analysis
were as follows: (a) –1082, 57�C; (b)
–819, 58�C; (c) –592, 59.2�C.



Confirmation of PCR Fragment SNPs

DHPLC chromatographic analyses demonstrating the
presence of single nucleotide changes within an IL10
promoter PCR fragment were consistent and easily
interpreted. Confirmation of SNP detection in a given
sample was determined by automated fluorescence
sequence analysis using an ABI 3100 instrument. Fig-
ures 5–7 are representative sequence chromatograms of
IL10 promoter PCR products, �1082, �819, �592,
showing the different nucleotide changes. Sequence
results were confirmed in both directions. Based on
chromatographic patterns noted on DHPLC and con-
firmed by genetic sequencing, IL10 genotype and hap-
lotype frequencies were then determined for each
group: controls, BrCa, SLE, and B-CLL (Tables 1 and 2).

Frequency and Homozygosity or Heterozygosity
of Three SNPs Within IL10 Promoter Region

Table 1 shows the percentages and genotypes of the
individual SNPs (for �1082, GG,GA,AA; for �819,
CC,CT,TT; and for �592, CC,CA,AA). In IL10 promoter
PCR fragments containing an SNP at �1082, an increase
in GA genotype was noted in PCR products from the
BrCa and B-CLL groups (56% and 53%, respectively) rel-
ative to control samples (47%), while an increase in AA
genotype was found in PCR samples from the SLE
group (49%). In the analysis of IL10 promoter SNP at
�819, a notable increase in CT and TT genotypes was
found for the SLE group (47% and 18%), whereas the
respective BrCa and B-CLL PCR samples showed an
increase in TT genotype at a slightly lower level (6%
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FIGURE 3

Chromatographic WAVE pattern and detection of mutations by
DHPLC for the individual IL10 PCR products were as follows:
(a) –1082, GG,AA,GA; (b) –819, CC,TT,CT; (c) –592,
CC,AA,CA.

FIGURE 4

Chromaotgraphic WAVE pattern and detection of mutations by
DHPLC for the combined IL10 PCR products were as follows:
(a) –1082, GG+GG, AA+AA, GG+AA; (b) –819, CC+CC,
TT+TT, CC+TT; (c) –592, CC+CC,AA+AA, CC+AA.



and 12%) compared with SLE samples. For polymor-
phisms at �592 in the IL10 promoter, an increase in CC
genotype was identified in PCR products from both
BrCa and B-CLL groups (60% and 60%, respectively),
while an increase in AA genotype was found in SLE and
B-CLL groups (18% and 20%, respectively).

Genotype and Haplotype Frequencies for 
IL10 Promoter SNPs

Table 2 shows distinct genotype and haplotype fre-
quencies determined for the various groups studied.
A notable increase in GCC haplotype was detected for

BrCa and B-CLL groups (53% and 47%, respectively)
compared with controls (36%). In contrast, an
increase in ATA haplotypes was found in PCR prod-
ucts from the SLE group (41%). The haplotype per-
centages obtained for our control group (GCC, 36%;
ACC, 36%; ATA, 28%) were in agreement with those
reported by others.24

Quantitation of IL10 mRNA Levels in 
BrCa Samples

IL10 mRNA expression was analyzed in the unstimu-
lated peripheral blood mononuclear cells of 42 breast
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T A B L E  1

Genotypes of Individual Single-Nucleotide Polymorphisms

–1082 (%) –819 (%) –592 (%)

Group GG GA AA CC CT TT CC CA AA

Controls (n	25) 16 47 37 58.5 39 2.5 50 42 8

BrCa (n	50) 24 56 20 56 38 6 60 34 6

SLE (n	51) 14 7 49 35 47 18 41 41 18

BCLL (n	17) 23.5 53 23.5 53 35 12 60 30 20

Each number indicates percentage of total samples in each group (controls, BrCa, SLE, and BCLL) that have the specific allele com-
position for IL10 promoter polymorphisms –1082, –819, and –592.

T A B L E  2

Genotype and Haplotype Frequency

Controls (%) BrCa (%) SLE (%) BCLL (%) 
(n	25) (n	44) (n	48) (n	16)

Genotype
GCC/GCC 12 23 8 19
GCC/ACC 40 32 14.5 31
GCC/ATA 8 30 25 25
ACC/ACC 4 4 14.5 6
ACC/ATA 24 7 19 6
ATA/ATA 12 4 19 13

Haplotype
GCC 36 53 28 47
ACC 36 24 31 25
ATA 28 23 41 28

Frequency is measured as a percentage of the total number of samples in each group that show a particu-
lar genotype and haplotype.



cancer patients. We found a large interindividual vari-
ation in the levels of mRNA expression (Fig. 8a). The
ranges of expression units were as follows: 4.74–73.5
with a median of 14.7 and a mean of 27 for
GCC/GCC; 2.89–349 with a median of 29.7 and a
mean of 72 for GCC/ACC; 0.03–870 with a median of
17 and a mean of 122 for GCC/ATA. Although the dif-
ferences between the genotypes were not statistically

significant, a trend toward increase in the mean
mRNA expression levels in patients with GCC/ATA
genotype was observed (Fig. 8b). When the data were
analyzed for individual genotypes, all samples with
heterozygous genotypes (GA for �1082, CT for �819,
and CA for �592) showed higher mRNA expression
compared with their respective wild type genotypes
(Fig. 8c).
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FIGURE 5

Partial sequence analysis of 192 bp PCR
product for –1082 showing normal
(GG), heterozygous (GA), and mutant
(AA) nucleotide changes.

FIGURE 6

Partial sequence analysis of 204 bp PCR
product for –819 showing normal (CC),
heterozygous (CT), and mutant (TT)
nucleotide changes.

FIGURE 7

Partial sequence analysis of 319 bp PCR
product for –592 showing normal (CC),
heterozygous (CA), and mutant (AA)
nucleotide changes.



DISCUSSION

We employed the powerful tool of DHPLC to identify
and detect SNPs in the promoter region of an impor-
tant immunoregulatory molecule, IL10. The SNPs
�1082, �819, and �592 that we studied are consid-
ered to be in the proximal end of the IL10 promoter,
upstream of the transcription start site.20 Each SNP
has been shown to be associated with important func-
tional sites: �1082 with ETS transcription binding site,
�819 with the estrogen receptor element, and �592
with negative regulatory sites.17,18,28 These same SNPs
have been studied by a number of scientists investi-
gating the relationship between IL10 secretion and
susceptibility to diseases.17,20,22,24 Many autoimmune
and inflammatory diseases are coupled to increased
or decreased production of IL10.5,6 However, the
genetic basis for variations in IL10 protein expression
among individuals is unclear. Recently, two
microsatellites polymorphisms, IL10R and IL10G, and
seven additional SNPs located distally 2–4 kb from the
IL10 transcription site are of increasing interest in
associating genetic variations in susceptibility to
autoimmune diseases like SLE.21,29 We have not
addressed these variants in our studies, herein.

In early studies examining proximal IL10 SNPs
�1082, �819, and �592, an association was noted
between a prevalence of distinct alleles, G,C,C, and
manifestations of certain SLE clinical features (namely,
Ro autoantibodies and renal involvement).13,17 This
led to further studies which showed a correlation
between individual SNP haplotypes and IL10 produc-
tion.18,20,24 Specifically, the GCC haplotype was found
to be associated with high IL10 producers while the
ATA haplotype was detected in low IL10 secretors.
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FIGURE 8

Expression of IL10 mRNA in BrCa samples. IL10 mRNA expres-
sion was measured by TaqMan quantitative real time PCR using
total RNA from 42 BrCa patients. B-actin was used as endoge-
nous control gene.The difference in Ct values between IL10 and
B-actin (�Ct–�Ct) was converted to relative mRNA expression
units by setting B-actin to 105 and dividing by 2�Ct. (a) Number
of patients vs IL10 mRNA expression levels.A wide distribution
is noted among the 42 breast cancer samples tested.Majority of
patients (17/42) had mRNA expression units of 0–10. (b) Mean
mRNA expression units vs genotypes. mRNA expression levels
were higher in the GCC/ATA genotype compared with the
GCC/GCC and GCC/ACC genotypes. (c) Mean IL10 mRNA
expression units vs the individual polymorphisms. mRNA
expression units were higher in the samples with heterozygous
mutation compared with the homozygous wild type for all the
three SNPs.



Therefore, a correlation between haplotype and IL10
secretion and a particular disease condition may exist.

In a recent study by Suarez et al., IL10 genotype
and haplotype frequencies were determined in a
healthy Spanish population and the G allele of �1082
was found to be the most important factor in regula-
tion of IL10 mRNA levels.24 In their study, high fre-
quency of A allele correlated with low mRNA levels
and low IL10 production. The frequency data from
the Suarez group is in agreement with our SNP geno-
type and haplotype findings in normal controls. Many
factors may play a role in determining the relevance
of a particular allele or genotype with a disease.29,30

For example, in one study dealing with a Northern
European population, an increase in ATA haplotype
correlated with neuropsychiatric features in SLE.31 In
another study with Chinese patients, the ATA haplo-
type was strongly associated with lupus nephritis.32

Thus, ethnicity plays a vital role in determining pos-
sible relevance of cytokine gene polymorphism.33

In our study, the SLE patients also showed a sig-
nificant increase in AA genotype (18%) compared
with controls (8%) and, in turn, an increased fre-
quency of the ATA haplotype (41%). Although we
were unable to measure IL10 levels in our SLE patient
population, the ATA haplotype is reported to be asso-
ciated with low IL10 production.18,23 The difference in
haplotype frequency in our SLE group from early
groups studying SLE may be due to the subpopulation
of patients studied and the severity of their disease.

Our SLE group was a mixed population consist-
ing of 71% White, 25% Black, and 4% Oriental. They
varied in activity of their disease as well as distinct
clinical and physical manifestations. However, to be
part of the SLE group, they satisfied at least 4 out of
11 criteria for presence of the disease.34 When our SLE
group was divided according to race—White, Black,
Oriental—there was still an increase in ATA haplotype
noted among all the ethnic subgroups; however, it
was much higher in the Black and Oriental subpopu-
lation than the White subgroup (data not shown). 

In some of the early studies on SLE where certain
alleles—G,C,C of IL10 SNPs (�1082, �819, �592) —
were noted to be associated with distinct features of
SLE, the patient population was basically White and of
British descent.17,20 Most studies dealing with a variety
of ethnic groups (British, Dutch, Mexican, Chinese)
showed an increase in ATA haplotype or other mark-
ers—IL10.G microsatellite in SLE patients—relative to
controls, which was sometimes hard to correlate with
severity or specific SLE features.31,32,35,36 One British
study however reported no difference in genotype
distribution between their SLE patients and controls;
they found no association between the three proximal
SNP haplotypes (GCC,ACC,ATA) and renal disease or

anti-Ro antibodies.37 The fact that low IL10 production
is associated with ATA haplotype18 but SLE patients do
show high IL10 levels in their serum38 makes ascribing
a single genetic component to this disease very
unlikely. Multiple factors (or interplay between genetic
and environmental factors) are most likely responsible
for the occurrence of SLE disease.19,39,40,41 

Contrary to our SLE haplotype findings, the BrCa
samples showed a significant increase (56%) in GA
genotype and (53%) in GCC haplotype prevalence.
However, there was no clear correlation between the
presence or absence of estrogen or progesterone
receptors and the allele or genotype frequencies we
determined from our DHPLC and sequencing chro-
matographic results. With Her-2/neu receptors, how-
ever, there was a tendency toward GCC haplotype in
patients positive for this receptor (data not shown).
Her-2 receptors are known to be amplified and over-
expressed in 20–40% of all breast cancers; in fact,
overexpression of Her-2/neu receptors has been
reported to enhance malignancy.42,43 In our BrCa
patients, subtyping of the disease was as follows: lob-
ular (L) or ductal (D) 
 in situ (IS) or invasive (IC).
The patients showing Her-2/neu receptors were diag-
nosed as ductal carcinoma in situ (DCIS) plus or
minus ductal invasive carcinoma (DIC). A deficiency
in IFN production has been reported in BrCa patients
with advanced disease43; this could be the result of
overexpression of IL10 signified by a GCC haplotype
preference. Our BrCa DNA samples came from
patients with different subtypes (L or D 
 IS or IC)
and different stages (I–IV) of BrCa disease. There-
fore, an increase in IL10 expression in a particular
subgroup of BrCa patients cannot be correlated with
the GCC haplotype in our study.

In our study we found higher IL10 mRNA expres-
sion in patients with heterozygous alleles for all the
three SNPs (GA for �1082, CT for �819, and CA for
�592). Results from other labs indicate the constitu-
tive mRNA expression in peripheral blood mononu-
clear cells was higher in normal subjects with GCC
haplotype and lower with ATA haplotype, and the
results were found to be similar when the peripheral
blood mononuclear cells were stimulated with
lipopolysaccharides or mitogens.24 On the contrary, in
a recent study, stimulation of peripheral blood
mononuclear cells of individuals homozygous for all
three SNPs with Streptococcus pneumoniae showed
that peripheral blood mononuclear cells with ATA
haplotype had higher IL10 mRNA levels than the GCC
haplotype.44 Our BrCa study group includes a het-
erogeneous population who may have different lev-
els of T-cell stimulation in vivo. Relatively few studies
have analyzed the IL10 mRNA expression in BrCa
patients. Elevated serum IL10 levels are strongly asso-
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ciated with BrCa and correlate with clinical stage of
disease.45 Breast tumors produce higher levels of IL10
than normal breast tissue.46 IL10 mRNA expression is
seen in breast tumor cells where tumor infiltrating
lymphocytes were found to have reduced cytotoxic
function.47 Although the correlation between tumor
cell mRNA expression and that of peripheral blood
mononuclear cells is not known, these studies suggest
that IL10 levels are strongly associated with the prog-
nosis of BrCa. It has been shown that the �1082 AA
genotype is correlated with a marked increase in BrCa
risk.15 In our study, mRNA expression results were
available for only a few patients who had homozy-
gous mutations. As we find the heterozygotes (GA,
CT, CA) to have higher mRNA expression, it is inter-
esting to pursue further studies to analyze the associ-
ation between the different genotypes with clinical
stages of this disease and IL10 mRNA as well as pro-
tein levels in a larger group of patients.

In our B-CLL group consisting of 17 patients, an
increase in GCC haplotype was found among the sam-
ples. The IL10 production measured in 21 other B-CLL
patients (not included in this study) showed predom-
inantly a decreased amount of the cytokine present in
serum (3–8 pg/mL) similar to controls; only 4 out of 21
B-CLL patients tested showed greater than 8 pg/mL
values (personal communication, D. Messmer). Previ-
ous studies examining cytokine levels and B-CLL have
reported significant increases in levels of secretion of
TNF� and IL4 but low levels of IL10.48 IL10 has also
been shown to have an inhibitory effect on prolifera-
tion of leukemic CD5 
 B cells, distinct from induction
of apoptosis.16,49 For the most part, IL10 is thought to
inhibit apoptosis induction through maintenance of
sustainable cell cycle progression in malignant cells.50

In one early study, measurement of IL10 mRNA in B-
CLL patients has shown an increase in IL10 expression
to be associated with nonprogressive disease.51 Based
on increased percentage of mutations observed in VH
region of immunoglobulin and increased CD38
expression,52 the B-CLL patients were grouped as hav-
ing either progressive or nonprogressive disease.
There appeared to be no definitive correlation
between genotype findings and disease progression.
However, the number of B-CLL patients’ samples stud-
ied was too small to draw any conclusions. It is clear
that more work needs to be done on association of
genetic variability with B-CLL disease progression.

Many factors play a role in assessing the relative
importance of genetic variations in the IL10 promoter
region and occurrence of a particular dis-
ease.29,30,33,39,40 These include ethnic origin, sex, and
age of group studied, as well as age of onset of dis-
ease, clinical features, and severity of disease. In gen-
eral, genetic variation in individuals is said to account

for 75% of the changes in IL10 production and/or
susceptibility to disease, and individual environment
for the remaining 25%.19,41

We have found DHPLC to be an invaluable
screening tool for detecting SNP mutations in the pro-
moter of an integral immunoregulatory molecule,
IL10. DHPLC has significant advantages over other
genetic polymorphism detection methods such as sin-
gle-strand conformation polymorphism (SSCP), direct
sequencing, and DNA chip hybridization for the fol-
lowing reasons. 

SSCP is a mutational analysis method that entails
PCR amplification followed by restriction enzyme
digestion, gel electrophoresis and detection by
sequence specific oligo probes (radioactive or biotiny-
lated).53 It is time consuming, costly, and only 80–90%
efficient in detecting SNPs. 

Direct sequencing of all PCR products can be
costly and sometimes difficult to read. Analysis of
PCR products by direct sequencing sometimes
requires purification of material prior to running sam-
ples on instrument; in addition, difficult sequences
may require TA-based subcloning of PCR products
prior to sequence analysis.54

DNA chip hybridization is an expensive and time-
consuming technique for detecting unknown and
known mutations.55 It requires 250–500 ng of
genomic DNA for whole genome amplification. The
molecular biology is labor intensive and requires 2–3
days for the application. Though the output lists over
10,000 SNPs, analysis and interpretation of the data
are arduous.56,57 To date, the DNA chips available
appear to allow only for gene linkage or association,
and not identification of specific polymorphisms in
individual candidate genes. 

DHPLC is the method of choice for SNP muta-
tional analysis. It has greater sensitivity at detecting
mutations (� 95%), requires minimal optimization of
instrument settings for each SNP studied, allows high
throughput analysis of samples and findings are con-
sistent and reproducible.26,58,59,60 Furthermore, no
purification of PCR products is needed prior to analy-
sis on instrument. 

To reiterate, DHPLC-SNP screening is based on
separation of thermodynamically altered DNA mole-
cules at predicted melting temperatures and set gradi-
ents that may or may not contain single base pair mis-
matches.27 The chromatogram patterns obtained in
our study were characteristic, easily interpreted for
genotype, and reproducible for each SNP studied
(�1082, �819, �592). Analysis of chromatograms
obtained with DHPLC proves to be a reliable way of
determining IL10 promoter genotype and haplotype
frequency in all groups studied: normal controls, BrCa,
SLE, and B-CLL samples. 
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Though the frequency and distribution of geno-
types are distinctly different among the various groups,
these SNP findings are not enough to correlate with
onset or severity of a particular disease. As reported by
others, there are numerous cytokines as well as other
IL10 promoter SNPs and microsatellites that may be
involved in disease onset and progression.21,29,61,62 In
fact, many factors (both genetic and environmental)
may come into play with regard to the actual appear-
ance of a disease.19,39,41 We intend to look at other rel-
evant SNPs and cytokines to see if they hold a better
association with clinical features of the above-studied
diseases as well as explore new avenues of recent
interest, namely haplotype block partitioning of the
genome (discussed below). 

Haplotype blocks refer to a genomic region of
limited recombination where only a few common hap-
lotypes are observed.63–68 These observed haplotypes
are highly correlated across populations, offer signifi-
cant power in association studies of common poly-
morphisms, and afford the opportunity to study com-
mon disease alleles within a defined region.
Haplotype-based studies offer one of the most promis-
ing approaches to identification of the genetic basis for
common diseases. In both large genome-wide68–71 as
well as candidate gene-based72,73 analyses, there are
concerted efforts to identify, in the population of inter-
est, a set of contiguous alleles that can be represented
by a minimal number of SNPs in a region, known as
haplotype tagging SNPs (htSNP).73 Several algorithms
have been employed to develop a paradigm to evalu-
ate genetic variation across a region and its association
to phenotype.74 This suggests a universal approach to
correlate a minimal number of polymorphisms with an
association or susceptibility to disease. Sebastiani et al.
analyzed SNP genotyping on a 105 genes in equal
numbers of African-American and European-Ameri-
cans to determine the minimal number of htSNPs
needed for characterization of each gene.73 They
found the vast majority of the htSNPs noted in the
European-American sample also appeared as htSNPs
in the African-American group. Using an algorithm
(Best Enumeration of SNP tags or BEST) developed to
unambiguously identify htSNPs in arbitrary gene
regions such as IL10, they found 8 distinct haplotypes
and 7 htSNPs for African-Americans and 2 unique hap-
lotypes and 1 htSNP for European-Americans out of a
total 19 SNPs studied in this region. However, they do
not identify the htSNPs. In contrast, an analysis by
Carlson et al. used an algorithm based on r2 linkage
disequilibrium statistic to select the maximally infor-
mative set of common htSNPs to assay in candidate-
gene association studies.72 This group identified 26
SNPs of which 13 are common in African-Americans
and 17 out of 24 are common in European-Ameri-

cans; they found 2 and 3 htSNPs for African–Americans
at r2 � 0.5, and r2 � 08, respectively, while the Euro-
pean-American population yielded 4 htSNPs at r2 � 0.5
and 4 at r2 � 0.8. Other algorithms rely on stochastic
approaches to identify characteristic SNPs in a
genomic region. These approaches, while computa-
tionally powerful may lose information from rare vari-
ant SNPs.71,72 In a more analytic vein, though power-
ful and intriguing in their ability to minimize
genotyping in a population, haplotyping tagging SNPs
(or haplotype block partitioning) requires establish-
ment in a defined population of known ancestral ori-
gin and as such involves large-scale population stud-
ies with different ethnic groups and only then can
htSNPs be utilized in determining an individual’s sus-
ceptibility to disease or disease progression.
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