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Why PRP works only on certain patients
with tennis elbow? Is PDGFB gene a key for
PRP therapy effectiveness? A prospective
cohort study
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Abstract

Background: There is variability in individual response to platelet-rich plasma (PRP) therapy in tennis elbow
treatment. Genetic variation, especially within genes encoding growth factors may influence the observed inter-
individual differences. The purpose of this study was to identify polymorphic variants of the platelet-derived growth
factor beta polypeptide gene (PDGFB) that determine an improved individual response to PRP therapy in tennis
elbow patients.

Methods: This prospective cohort study was designed in accordance with STROBE and MIBO guidelines. A cohort
of 107 patients (132 elbows, 25 bilateral) was studied, including 65 females (77 elbows) and 42 males (55 elbows),
aged 24–64 years (median 46.00 ± 5.50), with lateral elbow tendinopathy treated with autologous PRP injection. The
effectiveness of PRP therapy was recorded in all subjects at 2, 4, 8, 12, 24 and 52 weeks after PRP injection using
the Visual Analog Scale (VAS), quick version of Disabilities of the Arm, Shoulder and Hand score (QDASH) and
Patient-Rated Tennis Elbow Evaluation (PRTEE). In order to determine the PDGFB variants with the best response to
PRP therapy, patient reported outcome measures were compared between individual genotypes within studied
polymorphic variants (rs2285099, rs2285097, rs2247128, rs5757572, rs1800817 and rs7289325). The influence of
single nucleotide polymorphisms on blood and PRP parameters, including the concentration of PDGF-AB and
PDGF-BB proteins was also analyzed.

Results: Our analysis identified genetic variants of the PDGFB gene that lead to a better response to PRP therapy.
The TT (rs2285099) and CC (rs2285097) homozygotes had higher concentration of platelets in whole blood than
carriers of other genotypes (p = 0.018) and showed significantly (p < 0.05) lower values of VAS (weeks 2–12), QDASH
and PRTEE (weeks 2–24). The rs2285099 and rs2285097 variants formed strong haplotype block (r2 = 98, D’=100).
The AA homozygotes (rs2247128) had significantly lower values of VAS (weeks 4–52), QDASH and PRTEE (weeks 8,
12).
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Conclusions: PDGFB gene’s polymorphisms increase the effectiveness of PRP therapy in tennis elbow treatment.
Genotyping two polymorphisms of the PDGFB gene, namely rs2285099 (or rs2285097) and rs2247128 may be a
helpful diagnostic tool while assessing patients for PRP therapy and modifying the therapy to improve its
effectiveness.
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Background
Platelet-rich plasma (PRP) has been used as a minimally
invasive treatment for lateral elbow tendinopathy for
many years. Multiple studies showed its effectiveness.
[1–3] However, there is variability in the individual re-
sponse to PRP therapy. Although this method can im-
prove pain and functional outcome, there is no
therapeutic effect in some cases. In addition to demo-
graphic factors modulating the effectiveness of PRP ther-
apy in the treatment of tendinopathies,[4–6] genetic
factors may influence the observed inter-individual dif-
ferences. Single nucleotide variants (SNVs), including
single nucleotide polymorphisms (SNPs) and point mu-
tations, account for 90 % of the variability in the human
genome.[7] Due to biological role of growth factors, their
genes as well as the genes encoding their receptors seem
to be the best markers of the regenerative process.[8]
These genes are highly polymorphic [9] and may affect
inter-individual variability of the regeneration rate.
Platelet-derived growth factor (PDGF) is one of the key
growth factors, integrating processes leading to the re-
generation of bones and soft tissues.[10–12] Due to its
pleiotropic properties, PDGF is directly involved in
angiogenesis processes, also activating mesenchymal dif-
ferentiation and osteogenesis.[10, 11, 13, 14] Platelets
produce and release PDGF-AB heterodimer, PDGF-AA
and PDGF-BB homodimers molecules.[15] Subunits of
platelet isoforms of PDGF proteins are encoded by genes
PDGFA (7p22.3)[16] and PDGFB (22q13.1),[17]
respectively.
The biological role of PDGF proteins raises the ques-

tion of whether their genes may have an impact on the
effectiveness of the treatment of musculoskeletal system
injuries with the use of PRP. Therefore, we designed and
conducted the present study mainly to search for the
PDGFB gene variants that can improve individual re-
sponse to PRP therapy in patients with tennis elbow.

Methods
Study design
This prospective cohort study was designed in accord-
ance with STROBE and MIBO guidelines. The patients
were followed up for one year and common patient-
reported outcome measures (PROMs) were recorded.
Six single nucleotide polymorphisms of the PDGFB gene

were genotyped and the effectiveness of PRP therapy
was compared between genotypic variants. The influence
of SNPs on blood and PRP parameters, including the
concentration of PDGF-AB and PDGF-BB proteins was
also analyzed.

Patients
A cohort of 107 patients (132 elbows, 25 bilateral,
100 %) was studied, including 65 females (77 elbows,
58.3 %) and 42 males (55 elbows, 41.7 %), aged 24–64
years (median 46.00 ± 5.50), with lateral elbow tendino-
pathy treated with autologous PRP injection.
Patients were enrolled to the study between November

2018 and November 2019, and they were selected for
the study, examined and injected by the same ortho-
paedic surgeons, following the study protocol. Follow up
data was collected until November 2020. Flow diagram
of the patients included in the study is presented below
(Fig. 1).

The inclusion criteria was the clinical diagnosis of lat-
eral epicondylitis: pain in the region of common exten-
sor origin radiating distally and proximally, weakening
the grip strength, pain and muscle weakness increasing
when holding and lifting items, morning stiffness, re-
peated activities and/ or limb overuse, positive Thom-
son’s, Mill’s tests and Cozen’s sign, tenderness at
palpation over the lateral epicondyle of the humerus. At
least three months duration of symptoms before injec-
tion. The exclusion criteria were: additional injury/ dis-
ease of affected limb, prior surgical intervention,
rheumatoid arthritis, pregnancy, active malignancy, cer-
vical radiculopathy, current anti-platelet medication,
local steroid injections in the preceding 6 months, previ-
ous PRP injections, cognitive limitations. There was no
formal post-injection rehabilitation protocol. Further
post injection therapy (physiotherapy, nonsteroidal anti-
inflammatory drugs, steroids, additional injections of
PRP) was monitored during the follow-up period but
was not considered a criteria for exclusion.

PRP separation and injection procedure
Blood collection, separation and injection of PRP were
performed in standardized conditions (20oC, same light
exposure). PRP was separated from fresh whole blood,
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immediately after blood collection as per manufacturer’s
instructions (Autologous Conditioned Plasma, Arthrex
GmbH, Germany). A 1.2 mm needle was used to collect
12 ml of whole blood. Blood was mixed with 3.13 % so-
dium citrate (MediPac GmbH, Germany) in the propor-
tion of 9:1 and then centrifuged under the same
conditions using a Rotofix 32 A centrifuge (Andreas
Hettich GmbH & Co, Germany). The centrifugation
process was carried out at a speed of 1500 rpm and the
spinning time was 5 min. Between 2.5 and 3.5 ml of PRP
was collected and a volume of 2.0 to 3.0 ml was injected
immediately after centrifugation in the common exten-
sor origin area using a 1.2 mm needle. The injection was
performed under ultrasound guidance using the Mindray
DC-3 apparatus with a linear probe with a frequency
range of 5, 7.5, 10 MHz. The remaining 0.5 ml of PRP
was saved for further analysis. All procedures were per-
formed in an outpatient clinic in the treatment room
with staff nurse in the room, using disposable

equipment. The injections were performed directly by
two Senior Trauma and Orthopedic Consultants (KS
and WK) with 17 years of experience.
After the procedure, each patient was observed for

30 min in the clinic, attention was paid to any possible
complications. In the absence of disturbing local and
general symptoms, the patient was discharged. Each pa-
tient was advised to contact the hospital in case of any
adverse reactions. Patients were also advised to avoid
heavy use of the affected limb for 24 h. No infection at
the injection site was observed in any of the patients.

Whole blood and PRP parameters
On the day of PRP injection, full blood count and the
measures of platelets, plateletcrit (PCT), mean platelet
volume (MPV) and platelet distribution width (PDW) in
fresh PRP were determined. The remaining 0.5 ml of
PRP was aliquoted to small tubes to avoid redundant
freeze-thaw cycles, then frozen at -86oC. The Human

Fig. 1 Flowchart of the study selection
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DuoSet ELISA kits for PDGF-AB and PDGF-BB (R&D
Systems Inc., MN, USA) were used to assess the concen-
trations of the proteins. The ELISA tests were performed
in triplicate for each PRP sample. For patients with bilat-
eral tennis elbow, if the injections were carried out on
different dates, separate analyzes (whole blood, PRP)
were performed.

Follow-up, outcomes, measures of effectiveness
The effectiveness of PRP therapy was analyzed and com-
pared to clinical condition (pain and functionality/ dis-
ability of affected limb) on the day of injection (baseline,
week 0). Follow up review was performed at 2, 4, 8, 12,
24 and 52 weeks. Follow-up will be continued for two
years after injection.
VAS, QDASH and PRTEE questionnaires were used

for assessment of pain and disability, with the following
ranges assumed: 0 minimum and 10 maximum pain for
VAS, 0 minimum and 100 maximum pain/ disability for
QDASH and PRTEE. The effectiveness of therapy in re-
lation to individual variables was determined based on
raw values of outcomes (VAS, QDASH, PRTEE) and the
differences of outcomes vs. baseline (ΔVAS, ΔQDASH
and ΔPRTEE). If the differences of raw PROMs were
statistically significant at baseline, the latter measures
were considered.

Genetic analyses
Genomic DNA was isolated from peripheral blood leu-
kocytes using the MasterPure genomic DNA purification
kit (Epicenter Technologies, WI, USA). SNPs of the
PDGFB gene were genotyped using the TaqMan Prede-
signed SNP Genotyping Assay kits and the 7300 Real-
Time PCR System (Thermo Fisher Scientific, CA, USA).
The accuracy of genotyping was checked by re-
genotyping 10–15 % of samples. Repeatability of results
reached 100 %. Genetic analyzes were performed by
qualified molecular biologists with at least 15 years of la-
boratory experience.
Only SNPs with minor allele frequency ≥ 20 % in popu-

lations of European origin, based on the Database of
SNPs of National Center for Biotechnology Information,
U.S. National Library of Medicine,[9] were selected for
analysis. There were rs2285099 (C > T), rs2285097 (T >
C), rs2247128 (A > G), rs5757572 (C > G), rs1800817
(G > T) and rs7289325 (A > T) variants. The first five are
intronic polymorphisms, the sixth is located in the 5’ un-
translated region (5’ UTR) of the PDGFB gene.

Statistical analyses
Data were analyzed using the Statistica 13.0 software
(TIBCO Software Inc, CA, USA). Normality of distribu-
tion of quantitative data was assessed by the Shapiro-
Wilk test and comparisons were performed using the

Mann-Whitney U test (all variables had non-normal dis-
tribution). All quantitative data were given as a median,
and their spread as a quartile deviation (QD). Pearson’s r
coefficient was used to interpret the strength of correl-
ation between quantitative variables. Cases with missing
data were rejected from the respective comparisons.
Genetic data were analyzed in dominant, recessive and

additive models of inheritance. The Hardy-Weinberg
equilibrium was tested by a χ2 test as well as compari-
sons of genotypes and alleles frequencies between
groups differentiated by qualitative variables. Fisher’s
correction was used for subgroups with less than ten
subjects. Haplotype blocks were defined by the Haplo-
View software [18] using the Gabriel et al. algorithm.[19]
D’ and r2 values were used as linkage disequilibrium
measures. Study size and power analysis were computed
using the Epi-InfoTM 7.2.1.0 software (Centers for Dis-
ease Control and Prevention, USA). Statistical signifi-
cance was accepted at p < 0.05. In cases of multiple
comparisons, the p values were adjusted using the Bon-
ferroni correction.

Results
General characteristics of the study group
Demographic and clinical characteristics of the group
are presented in the Table 1.

Platelets and PDGF proteins concentration
The median platelet concentration (109/l ± QD) in the
whole blood was 240.00 ± 40.50 (Table 2), being higher
in females than in males (261.50 ± 33.00 vs. 224.00 ±
38.75, respectively, p < 0.001). The concentration of
platelets in PRP was similar in men and women. PDGF-
AB and PDGF-BB concentrations were higher among
patients with BMI ≥ 25 and cigarette smokers (only
PDGF-AB). PDGF-AB and PDGF-BB concentrations
correlated with the concentration of platelets in PRP
(r = 0.72, p < 10− 6 and r = 0.42, p < 0.001, respectively)
and with each other (r = 0.72, p < 10− 6). There was also a
weak correlation between the concentration of PDGF-
AB and the concentration of platelets in whole blood
(r = 0.25, p = 0.01). PDGF-AB, PDGF-BB and platelets
concentrations didn’t correlate with PROMs values.

Additional treatment
Over 52 weeks of follow-up, the following additional
treatment was implemented: steroid injection (n = 7 pa-
tients/ 9 elbows, 6.8 %), non-steroidal anti-inflammatory
drugs (n = 28 patients/ 33 elbows, 25.0 %), additional
PRP injection (n = 10 patients/ 10 elbows, 7.6 %), phys-
ical therapy (n = 28 patients/ 35 elbows, 26.5 %), manual
therapy (n = 22 patients/ 27 elbows, 20.5 %),
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kinesitherapy (n = 3 patients/ 3 elbows, 2.3 %) and arth-
roscopy (n = 3 patients/ 4 elbows, 3.0 %). Additional
forms of therapy didn’t affect the values of PROMs, ex-
cept of physical therapy. Patients treated with physical
therapy methods showed worse therapeutic efficacy (sig-
nificantly higher values of VAS, QDASH and PRTEE) at
weeks 8–24, than untreated patients. higher values of
VAS, QDASH and PRTEE, p < 0.05) at weeks 8–24, than
untreated patients.

Analysis of the PDGFB gene polymorphisms
Genotyping data were obtained for 107 subjects (132 el-
bows) (Table 3). The exception is the rs1800817 poly-
morphism, in which genotyping was unsuccessful in two
patients. Genotype frequencies of all SNPs were compat-
ible with the Hardy-Weinberg equilibrium (p > 0.05).

The rs2285099 and rs2285097 SNPs variants form
strong haplotype block (r2 = 98, D’=100), so they will be
discussed together. The TT (rs2285099) and CC
(rs2285097) homozygotes showed significantly lower
values of VAS (weeks 2–12), QDASH (weeks 2–24) and
PRTEE (weeks 2, 4, 12 and 24) as well as higher
ΔQDASH (weeks 2–24) (Fig. 2, additional files 1 and 2).
These homozygotes also had significantly higher concen-
tration of platelets in whole blood than the carriers of
the other genotypes (p = 0.018) (additional files 1 and 2).
The AA homozygotes of the rs2247128 had significantly
lower values of VAS (weeks 4–52), QDASH (weeks 8,
12) and PRTEE (weeks 8, 12) as well as higher values of
ΔVAS (weeks 4–24) and ΔQDASH (weeks 8–24) than G
allele carriers (Fig. 3, additional file 3).
The CC homozygotes of the rs5757572 had signifi-

cantly lower values of VAS (week 24), PRTEE (weeks 24,
52) and higher values of ΔVAS (week 24) and ΔQDASH
(week 24) than G allele carriers (additional file 4). The
GG homozygotes of the rs1800817 had significantly
lower values of all scores (VAS, QDASH and PRTEE) at
week 24 and higher values of ΔVAS and ΔQDASH also
at week 24 (additional file 5). Variants of the rs7289325
polymorphism did not affect the values of PROMs (add-
itional file 6).
There were no statistically significant differences in

the distribution or median of variables like age, sex,
cigarette smoking, BMI, PDGF proteins concentrations,
additional treatment (including physical therapy) and co-
morbidities between genotypic groups of respective
SNPs (p > 0.025, after Bonferroni correction)

Table 1 Demographic and clinical characteristics of the study group at baseline (week 0)

Characteristics

General number of subjects, N 107 -

number of elbows, n (%) 132 (100.0)

tennis elbow in dominant hand, n (%) 86 (65.2)

tennis elbow in non-dominant hand, n (%) 46 (34.8)

females, n (%) 77 (58.3)

age, median ± QD 46.00 5.50

BMI, median ± QD 25.65 2.00

overweight/obesity BMI≥ 25, n (%) 86 (65.2)

current smokers, n (%) 22 (16.6)

former smokers, n (%) 48 (36.4)

Comorbidities diabetes mellitus, n (%) 4 (3.0)

gout, n (%) 8 (6.1)

thyroid diseases, n (%) 15 (11.4)

hypercholesterolaemia, n (%) 7 (5.3)

hypertension, n (%) 18 (13.6)

heart failure, n (%) 4 (3.0)

Demographic factors, BMI, stimulants or comorbidities did not affect the values of PROMs (p > 0.05)

Table 2 Platelets parameters in whole blood and PRP
preparation of patients

Parameter Whole blood PRP

median ± QD median ± QD

PLT 109/l 240.00 40.50 343.00 65.00

PCT ml/l 2.31 0.36 0.30 0.06

MPV fl. 9.10 0.73 8.60 0.40

PDW fl. 16.10 0.15 14.60 0.25

WBC 109/l 6.26 1.16 - -

RBC 1012/l 4.67 0.30 - -

PDGF-AB ng/ml - - 8.27 2.40

PDGF-BB ng/ml - - 4.64 1.45
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Discussion
In the present study we identified polymorphic variants
of the PDGFB gene which increase the effectiveness of
PRP therapy in tennis elbow treatment. Better outcome
of PRP therapy regarded TT (rs2285099)/ CC
(rs2285097) and AA (rs2247128) homozygotes (weeks
2–24 and weeks 4–52 of follow-up, respectively). SNVs
of rs5757572 and rs1800817 were also associated with
an improvement in PROMs during multiple follow ups
(week 24 and 52). SNPs were the only factors related to
the effectiveness of the therapy in the present study (sex,
age, BMI, cigarette smoking or comorbidities did not
affect the values of pain/ disability). Based on statistical
analyses results the s2285099/ rs2285097 and rs2247128
polymorphism variants improved the most the efficacy
of PRP. Statistical significance of differences between the
genotypes of the remaining PDGFB gene polymorphisms
decreased with their distance from rs2285099, rs2285097
and rs2247128 and the proximity of the 5 ‘UTR of the
PDGFB gene. The variants of the rs7289325 polymorph-
ism (as the only one located outside the PDGFB gene at
the greatest distance on chromosome 22 from the
rs2285099, rs2285097 and rs2247128 SNPs), did not in-
fluence the efficacy of PRP therapy.
Based on the current knowledge, PDGF is a strong

mitogenic factor for cells involved in the repair of mus-
culoskeletal tissue, namely mesenchymal stem cells,
osteogenic cells and tenocytes.[10–12, 14, 20, 21] For
the above reasons, it is surprising that the influence of

the inter-individual variability of the PDGFB gene on the
effectiveness of the treatment of injuries of the musculo-
skeletal system has not been studied so far. Moreover,
the current state of research does not even explain the
influence of the polymorphisms analyzed in this study
on the functioning of the PDGFB gene and PDGF pro-
teins. Probably also such research has not yet been
undertaken. Literature data regarding SNPs are fragmen-
tary and usually come from case-control studies on dif-
ferent phenotypes, mainly cancers. For example, the
variants of rs5757572, rs1800817 and rs2247128 SNPs
which improved the results of PROMs were previously
associated with increased risk of pancreatic can-
cer,[22] gall bladder cancer [23] and breast can-
cer.[24] The fact that these variants are risk factors of
the neoplastic process, may suggest that they are ra-
ther markers of PDGF-dependent proliferative poten-
tial of cells, which would partly explain the observed
results. The influence of the analyzed SNPs on the
functionality of the PDGFB gene requires further re-
search, as well as determining the relationship be-
tween their variants and the concentrations of PDGF
proteins and other platelet parameters. Even though
we observed higher levels of platelets (in whole blood)
and higher concentrations of PDGF-AB protein (in
PRP) in homozygotes with higher therapeutic effect-
iveness, differences in platelet concentration were sta-
tistically significant between genotypes of only two
analyzed SNPs, namely rs2285099 and rs2285097.

Table 3 Frequency of genotypes and alleles of analyzed SNPs of the PDGFB gene

SNP Position onchromosome 22 Genotypes n (%) a Alleles n (%) a

rs2285099 39,226,053 CC 51 (38.6) C 163 (61.7)

CT 61 (46.2) T 101 (38.3)

TT 20 (15.2)

rs2285097 39,226,329 TT 50 (37.9) T 162 (61.4)

CT 62 (47.0) C 102 (38.6)

CC 20 (15.1)

rs2247128 39,234,282 GG 73 (55.3) G 191 (72.3)

AG 45 (34.1) A 73 (27.7)

AA 14 (10.6)

rs5757572 39,236,915 GG 46 (34.8) G 161 (61.0)

CG 69 (52.3) C 103 (39.0)

CC 17 (12.9)

rs1800817 39,243,848 TT 72 (55.4) T 192 (73.8)

GT 48 (36.9) G 68 (26.2)

GG 10 (7.7)

rs7289325 39,246,572 TT 24 (18.2) T 117 (44.3)

AT 69 (52.3) A 147 (55.7)

AA 39 (29.5)
a Percentage of analyzed elbows (N = 132, except of rs1800817 where N = 130)
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Available studies investigating the relationship be-
tween genetic factors and injuries of the musculoskeletal
system [25–27] are usually case-control studies focused
on the search for risk factors for trauma and did not
analyze their influence on the effectiveness of therapy
over time. Such studies are still missing, and only their
results provide knowledge about genetic factors that po-
tentially improve the treatment of injuries of the muscu-
loskeletal system. For those reasons current research
provides a new look at the role of genetic testing in the
therapeutic process.
The weaknesses of the current research are: relatively

small size of the studied group, short follow up (one

year) and lack of formal post-injection rehabilitation
protocol. The group size, too low in the case of qualita-
tive traits studies (e.g. association case-control studies)
was, however, sufficient for the analysis of quantitative
outcomes like PROMs. As for the observation period,
our target is two years of follow-up. Although lack of a
unified rehabilitation protocol may contribute to a po-
tential disturbance in the observed outcomes, we found
that the therapies did not improve PROMs values and
the frequencies of PDGFB genotypes did not differenti-
ate between patients treated and untreated with respect-
ive types of therapies. We want to emphasize that our
decision to not apply the formal rehabilitation protocol

Fig. 2 Medians (± QD) of patient reported outcome measures: VAS (A), ΔVAS (B), QDASH (C), ΔQDASH (D), PRTEE (E) and ΔPRTEE (F) in respect
to rs2285099 and rs2285097 SNPs variants
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was dictated by professional ethics according to which
we could not prohibit patients from accessing other
forms of therapy.
Many orthopaedic surgeons are looking for a reli-

able way to predict which patients with tendinopa-
thies or other injuries will benefit from the PRP
injection treatment and the results of our research in-
dicate the presence of potential diagnostic tool for
identify these patients and increase the success rate of
this largely used treatment. This may be of great
interest for the community of physicians, physiothera-
pists, athletic trainers and anyone involved in treating
tennis elbow and other injuries of musculoskeletal

system. At the current stage of research, it seems that
genotyping two polymorphisms of the PDGFB gene,
namely rs2285099 (or rs2285097) and rs2247128
would be a helpful diagnostic tool to typing patients
for PRP therapy and modifying the therapy to im-
prove its effectiveness in Caucasian patients. This
does not change the fact that determining their influ-
ence on efficacy and on the role in the regeneration
process requires further functional and clinical
studies.
In conclusion, the effectiveness of PRP treatment of

tennis elbow depends on the PDGFB gene polymorph-
ism. Variants of the PDGFB gene SNPs, namely

Fig. 3 Medians (± QD) of patient reported outcome measures: VAS (A), ΔVAS (B), QDASH (C), ΔQDASH (D), PRTEE (E) and ΔPRTEE (F) in respect
to rs2247128 SNP variants
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rs2285099/ rs2285097 and rs2247128 improve the re-
sponse to PRP therapy in patients with tennis elbow
treated with PRP.

Conclusions
PPDGF is a strong mitogenic factor, but so far there is no
evidence that PDGF genes variability influence the efficacy
of treating musculoskeletal system injuries with PRP .
We found that the effectiveness of PRP treatment of

tennis elbow depends on the PDGFB gene polymorphism.
Variants of the PDGFB gene SNPs, namely rs2285099/

rs2285097 and rs2247128 improve the response to PRP
therapy in patients with tennis elbow treated with PRP.
An identification of genetic factors that influence the ef-

fectiveness of treatment with PRP may find clinical applica-
tion in the future, e.g. when assessing patients for PRP
therapy and modifying the therapy to improve its outcome.
Genotyping two polymorphisms of the PDGFB gene,

namely rs2285099 (or highly linked rs2285097) and
rs2247128 would be a helpful diagnostic tool to achieve
the above goals.
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