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METHODS OF TREATING LIPEDEMA 
INCLUDING AKR1C1 AS A THERAPEUTIC 

TARGET 

FIELD OF THE INVENTION 

[ 0007 ] In some cases , if symptoms impair quality of life , 
the potential indication for surgery should be evaluated . 
Liposuction therapeutic benefit has not yet been evaluated in 
any randomized , controlled trials . Liposuction can reduce 
leg circumference , pain , feeling of tightness , tendency to 
form hematomas , improving quality of life . In highly 
advanced stages of the disease ( i.e. in presence of lym 
phedema and fibrosis ) dermato - fibro - lipectomy may be indi 
cated . 

[ 0001 ] This invention relates to methods to prevent and 
treat human lipedema including AKR1C1 as a diagnostic 
and therapeutic target . 

BACKGROUND SUMMARY OF THE INVENTION 

9 

[ 0002 ] Lipedema is a chronic and progressive pathologic 
condition mainly characterized by an abnormal body fat 
distribution . It affects extremities with abnormal fat depo 
sition in thighs and legs and in some cases also the arms , 
while the trunk , hands and feet remain unaffected ( Kruppa 
et al . , 2020 ) . For many years it has been grossly misdiag 
nosed because its similarity with obesity and lymphedema 
( Fife et al . , 2010 ) . Lipedema patients can be distinguished 
from these two conditions by a series of features such as 
body disproportion , bilateral symmetry , hematoma tendency 
and scarce influence of diet , exercise and bariatric surgery . 
It has been estimated that about 10 % of the woman are 
affected by lipedema worldwide ( Buck D Wand Herbst KL , 
2016 ) . Male cases have been described in very few reports . 
For this reason , the involvement of sexual hormones in the 
etiology of the disease has been postulated several times 
( Torre et al . , 2018 ; Bauer et al . , 2019 ) . In line with this 
hypothesis , manifestations commonly arise in phases of 
hormonal changes ( puberty , pregnancy or menopause ) in 
females ( Torre et al . , 2018 ) . There is very strong evidence of 
a genetic base for the condition , since an autosomal domi 
nant hereditary pattern was found in many families ( Buso et 
al . , 2019 ) . 
[ 0003 ] While genetic factors apparently regulate subcuta 
neous adipose tissue distribution , so far , no monogenic cause 
of non - syndromic primary lipedema have been discovered 
until now . 
[ 0004 ] Generally , patients with lipedema undergo differ 
ential diagnosis from other disorders , and other genes are 
screened to exclude the patient as having a known diagnosis 
of another disorder of subcutaneous adipose tissue 
( ADRA2A , AKT2 , ALDH18A1 , CIDEC , LIPE , LMNA , 
MFN2 , NSD1 , PALB2 , PLIN1 , POU1F1 , PPARG , 
TBL1XR1 ) and of localized lipodystrophies ( AGPAT2 , 
AKT2 , BSCL2 , CAV1 , CAVIN1 ( PTRF ) , CIDEC , LIPE , 
LMNA , PLIN1 , PPARG , ZMPSTE24 ) . 
[ 0005 ] To date , no direct or specific treatment of the 
causes of lipedema has been described . Therapies are per 
formed to help relieve symptoms and prevent frustration . 
When possible , a conservative management is suggested and 
this include manual lymph drainage , appropriate compres 
sion therapy with custom - made , flat - knitted compressive 
clothing , psychosocial therapy , patient education on self 
management , physiotherapy and exercise therapy ( such as 
low impact , cycling , walking or other exercise or move 
ments ) , dietary counseling and weight management . 
[ 0006 ] Up to now , no effective nutritional treatment has 
been reported for patients with lipedema . Lipedema fat is 
resistant to diet therapy . Current dietary approaches are 
aimed at lowering body weight through a hypocaloric diet , 
inhibiting systemic inflammation with antioxidant and anti 
inflammatory components and reducing water retention ( Di 
Renzo et al . , 2021 ) . 

[ 0008 ] This invention provides methods for diagnosing 
lipedema or identifying agents for treating a patient having 
lipedema or a predisposition for lipedema . The methods 
comprise one or more of the following steps : 
[ 0009 ] detecting step to identify variants in the sequence 
of AKR1C1 gene from gDNA ( genomic DNA ) . Single 
nucleotide polymorphism ( SNP ) analysis is also useful for 
detecting differences between alleles of AKR1C1 genes , that 
reside within a region of human chromosome 10. Within this 
region , about 700 known SNPs have been reported to date ; 
[ 0010 ] detecting step comprises quantifying mRNA 
encoding an AKR1C1 isoform in a biological sample ( blood , 
urine and adipose tissue specimens ) ; 
[ 0011 ] detecting increment or reduction of AKR1C1 enzy 
matic substrate or product ( i.e. steroid derivatives and pros 
taglandins ) in a biological sample ( blood , urine and adipose 
tissue specimens ) in a lipedema patient compared to con 
trols . The biological sample can be screened with an anti 
body that specifically binds to AKR1C1 enzymatic substrate 
or product or the biological sample can be treated or 
converted by AKR1C1 enzyme ; 
[ 0012 ] identifying natural and synthetic molecules capable 
of modulating AKR1C1 with possible therapeutic effect on 
lipedema . 
[ 0013 ] Only the identification of AKR1C1 as the first 
lipedema - associated gene rendered the diagnostic and thera 
peutic approaches herein described possible . The identifica 
tion of the gene and its linkage to lipedema opened the way 
to diagnose and treat the disease of lipedema . Since 
AKR1C1 is the first gene associated with the molecular 
diagnosis of non - syndromic lipedema , there are currently no 
molecular diagnostic alternatives . 
[ 0014 ] Indeed , with their study , the inventors argue in 
favor of the involvement of AKR1C1 in lipedema ( Michelini 
et al . , 2020 ) . AKR1C1 is a gene highly expressed in the 
subcutaneous tissue and it has been suggested that its 
activity in the regulation of steroid hormone levels plays an 
important role in the accumulation of subcutaneous fat 
depots . The enzyme expressed by this gene , the 20a 
hydroxysteroid dehydrogenase ( 20C - HSD ) , metabolizes 
progesterone and causes over production of subcutaneous 
adipocytes ( Blanchette et al . , 2005 ) . To date , AKR1C1 has 
not been implicated in any genetic condition characterized 
by or including lipedema among its clinical manifestations . 
[ 0015 ] The association may be due to rare genetic variants 
or common polymorphisms that alter enzymatic function 
and can also be caused by epigenetic alterations . 
[ 0016 ] In one embodiment of the method for the diagnosis 
of lipedema and / or for the individuation of treatments 
thereof according to the invention , the variants of step ( i ) are 
detected from gDNA , in particular by single nucleotide 
polymorphism ( SNP ) analysis for detecting differences 
between alleles of AKR1C1 genes , that reside within a 
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region of human chromosome 10 , or detected through NGS 
( Next Generation Sequencing ) or Sanger technologies . 
[ 0017 ] In an advantageous embodiment of the method for 
the diagnosis of lipedema and / or for the individuation of 
treatments thereof according to the invention , the variants of 
step ( i ) are selected from known loss - of - function ( LoF ) 
SNPs indicated in table 1 or from a list of selected SNPs as 
indicated in table 2 or 4. The SNPs can , for example , be 
selected on the basis of the following criteria : only missense 
variants ; absent in homozygous state ; frequency below 
0.1 % . The selected variants are subsequently preferably 
studied by functional modelling to verify their impact , for 
example in terms of binding affinity to certain compounds . 
This permits to study for one or more particular variants 
found in a patient the binding affinity to pharmaceutically 
active compounds , to find the compound that best fits for the 
particular variant and thus for the patient being affected by 
this variant . Preferably , the variants are selected from the 
group consisting of : c.840C > A ( p.Asn280Lys ) , c.327T > A 
( p.Asp109Glu ) , c.928A > C ( p.Ile310Leu ) , or are selected 
from c.160T > G ( p.Leu54 Val ) , C.162A > T ( p.Leu54Phe ) , 
c.638T > A ( p.Leu213Gln ) , the p.Leu54 and p . Leu213 vari 
ants being particularly preferred . The six variants above are 
particularly interesting as they have been found in lipedema 
patients . 
[ 0018 ] In particular , the missense variant p . ( Leu213Gln ) 
in AKR1C1 , the gene encoding for an aldo - keto reductase 
catalyzing the reduction of progesterone to its inactive form , 
20 - a - hydroxyprogesterone , suggests a partial loss - of - func 
tion resulting in a slower and less efficient reduction of 
progesterone to hydroxyprogesterone and an increased sub 
cutaneous fat deposition in variant carriers . The 
p . ( Leu213Gln ) variant , to the knowledge of the inventors , is 
the first one ever identified in a lipedemia family . 
[ 0019 ] Being an inducible gene ( Pallai et al . , 2010 ) , 
AKR1C1 expression in the blood can be a marker of the 
disease . Similarly , urinary and blood plasma or serum 
metabolites can be used as disease markers and have diag 
nostic value . 
[ 0020 ] In another embodiment of the method for the 
diagnosis of lipedema and / or for the individuation of treat 
ments thereof according to the invention , the mRNA of step 
( ii ) or the enzymatic substrate or product or metabolite of 
step ( iii ) is detected in a biological sample , in particular in 
blood , urine and / or adipose tissue specimens . 
[ 0021 ] In a preferred embodiment , the enzymatic substrate 
or product or metabolite of step ( iii ) is a steroid derivative 
or a prostaglandin . 
[ 0022 ] Preferably , the biological sample of step ( iii ) is 
screened with antibody that specifically binds to the 
AKR1C1 enzymatic substrate or product or metabolite or 
the biological sample is treated or converted by AKR1C1 
enzyme . 
[ 0023 ] Preferably , the enzymatic substrate or product in 
step ( iii ) is selected among 20a - hydroxysteroid dehydroge 
nase ( 20a - HSD ) ; PGF2a and its derivatives , in particular by 
measurement of 15 - keto - 13,14 - dihydro - PGF2a , the major 
metabolite of PGF2a in plasma ; or isoprostane 8 - iso - Pros 
taglandin F2a ( 8 - iso - PGF2a ) . 
[ 0024 ] In a preferred embodiment of the method for the 
diagnosis of lipedema according to the invention , in step ( iii ) 
the levels of at least one of the following metabolites 
3a - Hydroxy - 5a - pregnan - 20 - one , 3a - Hydroxy - 5B - pregnan 
20 - one , 3ß - Hydroxy - 5a - pregnan - 20 - one , 3ß - Hydroxy - 58 

pregnan - 20 - one , 5a - Pregnane - 3,20 - dione , 5B - Pregnane - 3 , 
20 - dione , Pregn - 4 - ene - 3,20 - dione , 200 - Hydroxy - pregn - 4 
ene - 3 - one , 5a - Pregnane - 3a , 20a - diol , 51 - Pregnane - 3a , 
20a - diol , 5a - Androstan - 17ß - ol - 3 - one , 5a - androstane - 3a , 
176 - diol , 21 - hydroxy - 5a - pregnan - 20 - one , 30,21 
dihydroxy - 5a - pregnan - 20 - one , Pregnanetriol / 17 
hydroxypregnanolone , 15 - keto - 13,14 - dihydro - PGF2a , in 
particular 8 - iso - Prostaglandin F2a progesterone and / or 
5alpha - dihydrotestosterone is determined in a body fluid . 
[ 0025 ] In another embodiment of the method for the 
diagnosis of lipedema according to the invention , in step ( iii ) 
the ratio ( androstanedioll.Sx20B - DH - cortisone ) / ( 20B - DH 
cortisone + [ cortisolxlog ( estriol ) ] in a body fluid is deter 
mined . 
[ 0026 ] AKR1C1 is a target of natural and synthetic mol 
ecules capable of modulating its activity . Benzodiazepines 
such as medazepam represent a class of non - competitive 
inhibitors of AKR1C1 . Synthetic derivatives of pyrimidine , 
phthalimide and anthranilic acid potently inhibited AKR1C1 
( Brozic et al . , 2009 ) . Compounds provided with a core 
structure of steroid carboxylate and flavones are instead 
AKR1C1 competitive inhibitors . Among natural com 
pounds , liquiritin has been discovered as a selective and 
potent AKR1C1 inhibitor capable of reducing the proges 
terone metabolism in cells ( Zeng et al . , 2019 ) . 
[ 0027 ] Prostanoids , acting via peroxisome proliferator 
activated receptor gamma ( PPARY ) , a fundamental receptor 
in fatty acid storage and glucose homeostasis , have been 
proposed as potent regulators of fat cell differentiation . 
Indeed , in vitro studies showed that prostaglandin J2 ( PGJ2 ) 
binds and activates PPARy acting as a potent adipogenic 
hormone ; inversely , prostaglandin F ( 2a ) ( PGF2a ) , which 
has PPARy antagonist properties , is a potent antiadipogenic 
factor ( Quinkler et al . , 2006 ; Volat et al . , 2012 ) . Another 
proof of the involvement of prostaglandins ( PG ) in the 
regulation of adipocyte differentiation came from the use of 
PG analogues as hypotensive agents in the treatment of 
glaucoma , extensively described in literature reports . 
Indeed , patients treated with topical therapies based on PG 
analogues showed periorbital fat changes as an adverse 
effect . These molecules can directly lead to reduced orbital 
fat by inhibiting adipogenesis ( Taketani et al . , 2014 ) . Aldo 
keto reductases have been reported as major regulators of 
white adipose tissue development with antiadipogenic prop 
erties supported by PGF2a synthase activity ( Quinkler et al . , 
2006 ; Volat et al . , 2012 ) . Indeed , PGF2a can be synthesized 
from PGD2 and PGE2 by the enzymes AKR1C ( 1 , 2 and 3 ) 
( Quinkler et al . , 2006 ; Dozier et al . , 2008 ) and Akr1b7 ( Volat 
et al . , 2012 ) . In vitro studies demonstrated that PGD2 
enhances adipocyte differentiation while PGE2 and PGF2a 
suppress adipogenesis ( Miller et al . , 1996 ) . 
[ 0028 ] A further aspect of the invention refers to a method 
of treating and / or preventing of human lipedema in a sub 
ject , the method comprising administering or applying to a 
subject in need thereof a therapeutically effective amount of 
a compound of natural or synthetic origin , preferably con 
tained in a food supplement , cream or ointment , suitable for 
modulating the activity of AKR1C1 or of prostaglandins . 
[ 0029 ] In one embodiment of the method of treating 
and / or preventing of human lipedema in a subject according 
to the invention , the compound is an inhibitor of AKR1C1 
or modulates the catalytic activity of the AKR1C1 enzyme , 
and comprises at least one of the compounds indicated in 
table 6 , in particular benzodiazepines , such as medazepam , 

* 
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tion . A final aspect of the invention refers to an ointment 
comprising the composition according to the invention . 

derivatives of pyrimidine , phthalimide and anthranilic acid , 
competitive inhibitors with a core structure of steroid car 
boxylate and flavones , and liquiritin . Advantegeously , the 
compound is selected from the group consisting of fla 
vanone , flavone , 3 - hydroxyflavone , 5 - hydroxyflavone , equi 
lin , diazepam , 20c - hydroxydydrogesterone , coumarin , 
glycyrrhetinic acid , 7 - hydroxyflavone and 3,7 - dihydroxyfla 

a 

vone . 

( 0030 ] In another embodiment of the method of treating 
and / or preventing of human lipedema in a subject according 
to the invention , the compound is suitable for modulating 
prostaglandins and comprises at least one of the compounds 
indicated in table 7 . 
[ 0031 ] Variants of the method of treating and / or prevent 
ing of human lipedema in a subject according to the inven 
tion foresee , that the step of administering or applying to a 
subject in need thereof a therapeutically effective amount of 
a compound of natural or synthetic origin is preceded by a 
step for the diagnosis of lipedema acco ccording to the invention 
that confirmed the tested person is affected by lipedema . 
Advantageously , the confirmation of the fact that the tested 
person is affected by lipedema is obtained by the detection 
of a biomarker in a body fluid in a concentration exceeding 
a determined limit value . 
[ 0032 ] A further aspect of the invention relates to a 
composition for the treatment of human lipedema , in par 
ticular in the form of a food supplement , cream or ointment , 
comprising an inhibitor of AKR1C1 or a compound that 
modulates the catalytic activity of the AKR1C1 enzyme or 
of prostaglandins , in particular at least one 
nents indicated in tables 6-10 . 
[ 0033 ] An additional aspect of the invention relates to a 
food supplement comprising the composition according to 
the invention . Another aspect of the invention relates to a 
cream comprising the composition according to the inven 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0034 ] FIG . 1 depicts in a molecular simulation the struc 
ture of AKR1C1 . 
[ 0035 ] FIG . 2 is a plot relating single amino acids of 
AKR1C1 to their progesterone binding energy . 
[ 0036 ] FIG . 3 depicts a detail of the structure of AKR1C1 
and binding situations to progesterone . 
[ 0037 ] FIG . 4 is a plot relating single amino acids of 
AKR1C1 to their NAPD ( H ) binding energy . 
[ 0038 ] FIG . 5 illustrates schematically the role of Leu54 in 
substrate activity for AKR1C1 and AKR1C2 . 
[ 0039 ] FIG . 6 depicts in a molecular simulation the dis 
rupted interaction between the steroid progesterone and the 
AKR1C1 enzyme due to the replacement of the same Leu54 
by phenylalanine . 
[ 0040 ] FIG . 7 compares in a molecular simulation the 
cofactor binding contribution of Asn280 and Gln279 . 

DETAILED DESCRIPTION OF INVENTION 
[ 0041 ] Diagnostic methods can comprise the sequencing 
( through next generation sequencing ( NGS ) or Sanger tech 
nologies ) of the AKR1C1 gene , or portions of it , or through 
whole genome and whole exome approaches for the diag 
nosis of lipedema . Single nucleotide polymorphism ( SNP ) 
analysis is also useful for detecting differences between 
alleles of AKR1C1 genes that reside within a region of 
human chromosome 10. Within this region , about 700 
known SNPs have been reported to date . A list of known 
loss - of - function ( LoF ) SNPs is shown in table 1. In addition , 
a series of SNPs to have effect on protein function and an 
association with lipedema selected on the basis of the 
following criteria are listed in table 2 : only missense vari 
ants ; absent in homozygous state ; frequency below 0.1 % . 

the compo 

TABLE 1 

AKR1C1 known LoF variants 

Transcript 
Consequence 

Protein 
Consequence 

Allele 
Frequency % ISID VEP Annotation 

p.Gln22 * 

p.Ala34Leufs * 2 
p.Gly45Alafs * 30 
p.Glu58 * 

c.84 + 1G > T 
c.64C > T 
c.90 + 2T > G 
c.100delG 
c.134delG 
c.172G > T 
c.81 – 1G > T 
c.81 – 1G > A 
c.81 – 1G > C 
c.196C > T 
c.252 + 2T > C 
c.258G > A 
c.271C > T 
c.286C > T 
c.369 + 2T > C 
c.394del 
c.394_397dupGATG 
c.403G > T 
c.448 – 1G > A 
c.514C > T 
c.570 + 1G > A 
c.615G > A 
c.649dupa 
c.667C > T 
c.680 + 1G > A 
c.680 + 1G > C 

rs 748912524 
rs 1430171919 
rs568245058 
rs 763666450 
rs 1138573 
rs 1302342979 
Is530323152 
rs530323152 
rs530323152 
rs 201114964 
rs 775284743 
rs143557246 
rs139089923 
rs143132605 
rs 777080970 
rs 1188750311 
rs 1188750311 
rs 763837541 

p.Arg66 * 

p.Trp86 * 
p.Arg91 * 
p.Arg96 * 

splice_donor_variant 
stop_gained 
splice_donor_variant 
frameshift_variant 
frameshift_variant 
stop_gained 
splice_acceptor_variant 
splice_acceptor_variant 
splice_acceptor_variant 
stop_gained 
splice_donor_variant 
stop_gained 
stop_gained 
stop_gained 
splice_donor_variant 
frameshift_variant 
frameshift_variant 
stop_gained 
splice_acceptor_variant 
stop_gained 
splice_donor_variant 
stop_gained 
frameshift_variant 
stop_gained 
splice_donor_variant 
splice_donor_variant 

0.00039896 
0.000475064 
0.029441491 
0.000399131 
0.000397874 
0.000397772 
0.000397779 
0.003580009 
0.000397779 
0.013793201 
0.00122379 
0.000801366 
0.001775833 
0.019841832 
0.008869274 
0.000600478 
0.000600478 
0.000574132 
0.000397766 
0.000397627 
0.000795494 
0.000416171 
0.000397864 
0.000796768 
0.00850732 
0.003899188 

p.Asp132Metfs * 44 
p.Glu133Glyfs * 2 
p.Gly135 * 

p.Gln172 * 

p.Trp205 * 
p.Ser217 Lysfs * 58 
p.Arg223 * 

rs 1220725793 
rs 770791176 
rs 1272520735 
rs370014498 
rs 781923069 
rs 142084692 
rs 142084692 
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TABLE 1 - continued 

AKR1C1 known LoF variants 

Transcript 
Consequence 

Protein 
Consequence 

Allele 
Frequency % rsID VEP Annotation 

rs757191838 0.00079734 c.680 + 2T > C 
c.681 – 1G > A rs782472454 0.000400352 
c.681G > A rs782615031 0.002134426 

0.000712728 c.698 delc rs781955346 
p.Trp227 * 
p.Pro233 Argfs * 22 
p.Lys247 Asnfs * 8 
p.Arg250 * 

c.741 del rs781870854 0.001989036 
rs782207877 0.001988894 c.748C > T 

c.846 + 1G > A rs782167092 

splice_donor_variant 
splice_acceptor_variant 
stop_gained 
frameshift_variant 
frameshift_variant 
stop_gained 
splice_donor_variant 
splice_donor_variant 
stop_gained 
splice_donor_variant 
frameshift_variant 
frameshift_variant 
stop - gained 

0.000545756 
c.846 + 1G > T rs782167092 0.003820293 
c.910C > T p.Arg304 * 0.005656535 

rs781944824 0.00209389 c.929 + 1G > A 
c.945delT rs782460823 0.001235799 

c.962 del A 
p.Asn316llefs * 15 
p.Asp321 Valfs * 10 
p.Tyr323 * 

0.000818391 
c.969T > G rs201500205 0.059779068 

TABLE 2 

AKR1C1 selected variants 

Transcript 
Consequence 
AKR1C1 : 
NM 001353.6 : 

Protein 
Consequence rsID VEP Annotation 

Allele 
Frequency % 

rs138675307 
rs14929564 

0.080147155 
0.080147155 

p.Leu54Val 
p.Leu54Phe 
p . ( Arg304Leu ) 
p . ( Glu127Asp ) 
p . ( His222Ile ) 
p . ( His222Ser ) 
p . ( Thr307Val ) 
p . ( Asp309Leu ) 

missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 

rs372782197 
rs752938448 
rs752938448 
rs1446558895 
rs1405103238 
rs1187727403 
rs1177376359 
rs1174379434 
rs748193660 
rs1564314801 

c.160T + G 
c.162A + T 
c.911G > T2 
c.381A + T2 
c.664_665delCAinsAT2 
c.664_665delCAinsTC2 
c.919_920delACinsGT2 
c.925_926delGAinsCT 
( p.Asp309Leu ) ? 
c.914A > T2 
c.638T > A3 
c.22G > C 
c.22G > T 
c.32A > G 
c.5G > A * 
c.82A > G * 
c.97A > G 
c.104T > C 
c.139C > A 
c.163T > C 
c.168T > A 
c.184G > A 
c.272G > T 
c.274C > A 
c.290C > G 
c.298G > C 
c.338T > C 
c.355C > A 
c.392A > T 
c.394G > T 
c.566A > G 
c.584A > G * 
c.607C > A * 
0.607C > G * 
c.575A > C 
c.616T > G 
c.698C > T 
c.715C > A 
c.755C > G 
c.764T > C 
c.773G > T 
c.787C > G 

p . ( Tyr305Phe ) 
p.Leu213Gin 
p.Val8Leu 
p.Val8Leu 
p.Asn11 Ser 
p.Gly2Glu 
p.Met28Val 
p.Lys33Glu 
p.Leu35Ser 
p.Arg47Ser 
p.Tyr55His 
p.Asn56Lys 
p.Gly62 Arg 
p.Arg91 Leu 
p.Pro92Thr 
p.Pro97Arg 
p.Glu100Gln 
p.Leu113Pro 
p.Pro119 Thr 
p.Cys131Ile 
p.Asp132Tyr 
p.Asn189Ser 
p.Asp195Gly 
p.Pro203Thr 
p.Pro203Ala 
p.Glu192Ala 
p.Cys206Gly 
p.Pro233Leu 
p.Pro239Thr 
p.Pro252Arg 
p.Ile255Thr 
p.Arg258Eeu 
p.Arg263Gly 

rs1274415938 
rs375752583 
rs763383627 
rs756379873 
rs1564315232 
rs1344076147 
rs752532298 
rs369662093 
rs1364894460 
rs 771829414 
rs1407820595 
rs962503713 
rs962503713 
rs1564317029 
rs782505662 
rs370027719 
rs1554769975 
rs1303247012 
rs1554770000 
rs138128200 
rs782766545 

missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 
missense_variant 

0.011188627 
0.000397735 
0.000397735 
0.000397772 
0.000475638 
0.003225598 
0.000399109 
0.000397988 
0.000397791 
0.000397725 
0.000397747 
0.000397829 
0.000399304 
0.000399081 
0.000398594 
0.000398318 
0.000398362 
0.000398314 
0.000602736 
0.000601214 
0.00039769 
0.000417011 
0.000415866 
0.000415866 
0.000399683 
0.00039807 
0.000401068 
0.000398889 
0.00039776 
0.000397782 
0.000397807 
0.000397842 
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TABLE 2 - continued 

AKR1C1 selected variants 

Transcript 
Consequence 
AKR1C1 : 
NM 001353.6 : 

Protein 
Consequence 

Allele 
Frequency % rsID VEP Annotation 

c.788G > C 
c.788G > T 
c.797T > C 
c.962A > G 

p.Arg263Pro 
p.Arg263Leu 
p . Val266Ala 
p.Asp321Gly 

rs535110977 
rs535110977 
rs1554770013 
rs1185288451 

missense_variant 
missense_variant 
missense_variant 
missense_variant 

0.000397905 
0.003183091 
0.003184105 
0.000408243 

* Further studies showed that these variants do not find a unique match between the nucleotide sequence and the 
amino acid sequence among all the queried databases . 
The above variants are , if not stated otherwise , extracted from the following database : https : //gnomad.broadin stitute.org/gene/ENSG00000187134?dataset=gnomad_r2_1 
lidentified in lipedema patients . 
2These variants have been created in a mutagenesis experiment described by Couture et al . 
The enzyme activity parameters described by Couture et al . were used to calculate those of the first variant 
identified by Michelini et al . in a family with lipedema , p . ( Leu213Gln ) . 

complex , and binding energy was calculated as well by use 
of the MMPBSA ( Genheden and Ryde , 2015 ) method and 
GROMACS molecular dynamics software ( Abraham et al . , 
2015 ) . The overall energies of binding for the two are ( Table 
3 ) : 

TABLE 3 

Steroid ( STR ) 
NADP ( H ) ( NPD ) 

-115.4 kJ / mol 
-337.6 kJ / mol 

+/- 10.6 kJ / mol 
+/- 53.9 kJ / mol 

a 

[ 0042 ] The complete sequence of the AKR1C1 gene is 
well known and documented in literature . The following 
links take to a database that discloses details about the gene 
and the whole sequence : https://www.ensembl.org/Homo 
sapiens / Gene / Summary ? db = core ; g = ENSG00000187134 ; 
r = 10 : 4963253-4983283 https://www.ensembl.org/Homo 
sapiens / Transcript / Exons ? db = core ; g = ENSG00000187134 ; 
r = 10 : 4963253-4983283 ; t = ENST00000380872 The 
sequence listing reports the complete sequence of the 
AKR1C1 gene ( Homo sapiens ) as SEQ ID NO 1 , the 
corresponding coding sequence ( cDNA ) as SEQ ID NO 2 
and two isoform corresponding proteins as SEQ ID NO 3 
and SEQ ID NO 4. The DNA and corresponding protein 
sequence of the variant c.928A > C ( p . ( Ile310Leu ) ) are 
depicted as SEQ ID NO 5 and SEQ ID NO 6 , respectively . 
[ 0043 ] Further details regarding the identification of mis 
sense AKR1C1 variants in lipedema patients , sequencing , 
molecular modelling etc. are described in Michelini S , 
Chiurazzi P , Marino V , Dell'Orco D , Manara E , Baglivo M , 
Fiorentino A , Maltese PE , Pinelli M , Herbst K L , Dautaj A , 
Bertelli M. , Aldo - Keto Reductase 1C1 ( AKR1C1 ) as the 
First Mutated Gene in a Family with Nonsyndromic Primary 
Lipedema . Int J Mol Sci . 2020 Aug. 29 ; 21 ( 17 ) : 6264 . doi : 
10.3390 / ijms21176264 . PMID : 32872468 ; PMCID : 
PMC7503355 . 
[ 0044 ] From structural analysis and molecular dynamics it 
was found that ( FIG . 1 ) : Human AKR1C1 three - dimensional 
structure shows an ( aß ) 8 - barrel motif . Two more B - sheets 
B1 ( 7-9 ) , B2 ( 15-17 ) , and two more a - helices , H1 ( 239-248 ) 
and H2 ( 290-298 ) , not taking part in the core barrel struc 
ture . Three large loops complete the structure : loop A is 
located at 117-143 , loop B is located at 217-238 , and loop 
C is located at 299-322 . 
[ 0045 ] The NADP ( H ) -binding residues are highly con 
served and include Thr23 , Asp50 , Ser166 , Asn167 , Gln190 , 
Tyr216 , Leu219 , Ser221 , Arg270 , Ser271 , Phe272 , Arg276 , 
Glu279 and Asn280 , which contribute toward the binding 
affinity and specificity of the cofactor ( see FIG . 1 ) . Residues 
involved in substrate binding are : Tyr24 , Leu54 , Phel18 , 
Phel29 , Thr226 , Trp227 , Asn306 and Tyr310 , while those 
involved in catalysis are : Asp50 , Tyr55 , Lys84 and His117 
( see FIG . 1 ) . 
[ 0046 ] To describe the interaction of the enzyme with 
cofactor and substrate in energetic terms , thus to furnish an 
energy landscape of binding , molecular dynamics simula 
tions were run on the AKR1C1 / steroid / NADP ( H ) ternary 

[ 0047 ] The MMPBSA method also allowed for quantifi 
cation of the contribution to binding of each amino acid , 
allowing the impact of an amino acidic missense substitution 
to be evaluated as follows ( see also Table 4 ) . MMPSA 
profile of STR binding shows three amino acids account for 
50 % of the binding energy : Tyr24 , Leu54 , and Trp227 ; 
another significant contribution is given by Asp50 , Tyr55 , 
Trp86 , Val128 , lle129 , Leu306 , showing an overall hydro 
phobic nature of the binding ( see FIGS . 2 and 3 ) . 
[ 0048 ] MMPBSA profile of NADP ( H ) binding is domi 
nated by charge pairs giving prominent repulsion / attraction 
peaks between charged amino acids of the protein and the 
phosphate groups of the cofactor . The four most prominent 
negative binding energy peaks derive from Lys33 , His222 + 
Arg223 , Lys270 , Arg276 , all neighboring the phosphate 
group on the 2 ' position of the ribose ring that carries the 
adenine moiety ( see FIG . 4 ) . Such evidence accounts for the 
significant difference in affinity for NADP ( H ) vs NAD ( H ) 
cofactors in binding AKR enzymes , with the former show 
ing a mid - nanomolar value ( 100 nM ) whereas the latter 
binds with mid - micromolar affinity ( 200 mM ) . 
[ 0049 ] Multiple alignments of protein sequences produce 
a matrix of aminoacids ; by elaborating the columns as 
vectors , entropy of aminoacidic positions can be calculated 
according to Shannon , describing the amount of variability 
through a column in the alignment . The lower the value , the 
lower the variability accepted by the position . The inventors 
aligned 120 sequences from the AKR1C family to derive 
Shannon entropy ( Strait & Dewey , 1996 ) of each position ; 
values for each missense mutation from Table 2 ( AKR1C1 
selected variants ) are reported in Table 4 . 
[ 0050 ] In silico mutagenesis of AKR1C1 and molecular 
dynamics simulations , entropy evaluation , binding energy 
for cofactor and for substrate allowed for the determination 
of the structural impact of variants , thus the structural 
consequence prediction on AKR1C1 that are conducive of 
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loss function for many of the selected mutations in Table 2 . 
Mutations are reported alongside their predicted effect in 
Table 4 . 

ity have been studied with structural biology , and molecular 
dynamics approach to evaluate their involvement in 
lipedema development . 

TABLE 4 

Transcript 
Consequence 
AKR1C1 : 
NM_001353.6 : 

Shannon Entropy 
( natural 

value / normalized 
value to 4.32 max ) 

Protein 
Consequence 

Interaction Interaction 
with with 

substrate cofactor 

Predicted 
structural 

consequence 

c.160T > G p . ( Leu54Val ) * 2.11 / 0.49 Known to acquire the 
function of AKR1C21 

Disruption of substrate binding 
Disruption of folding 

p . ( Leu54Phe ) * 
p . ( Arg304Leu ) 
p . ( Glu127Asp ) 
p . ( His222Ile ) 
p . ( His222Ser ) 
p . ( Thr307Val ) 
p . ( Asp309Leu ) 

2.11 / 0.49 
0.61 / 0.14 
1.72 / 0.40 
1.78 / 0.41 
1.78 / 0.41 
3.21 /0.74 
2.95 / 0.68 

Disruption of cofactor binding 
Disruption of cofactor binding 

Disruption of folding 

Disruption of cofactor binding 

Disruption of folding 
Disruption of catalysis 

c.162A > T 
c.911G > T 
c.381A > T 
c.664_665delCAinsAT 
c.664_665delCAinsTC1 
c.919_920delACinsGT ! 
c.925_926delGAinsCT 
( p.Asp309Leu ) 
c.914A > T 
c.638T > A2 
c.22G > C 
c.22G > T 
c.32A > G 
c.97A > G 
c.104T > C 
c.139C > A 
c.163T > 
c.168T > A 
c.184G > A 
c.272G > T 
c.274C > A 
c.290C > G 
c.298G > C 
c.338T > C 
c.355C > A 
c.392AT 
c.394G > T 
c.566A > G 
c.575A > C 
c.616T > G 
c.698C > T 
c.715C > A 
c.755C > G 
c.764T > C 
c.773G > T 
c.787C > G 
c.788G > C 
c.788G > T 
c.797T > C 
c.962A > G 
c.840C > A 
c.327T > A 
c.928A > C3 

Disruption of folding 
Disruption of folding 
Disruption of folding 
Disruption of folding 

Disruption of folding 
Disruption of folding 

p . ( Tyr305Phe ) 
p . ( Leu213Gln ) * 
p . ( Val8Leu ) 
p . ( Val8Leu ) 
p . ( Asn111Ser ) 
p . ( Lys33Glu ) 
p . ( Leu35Ser ) 
p . ( Arg47Ser ) 
p . ( Tyr55His ) 
p . ( Asn56Lys ) 
p . ( Gly62Arg ) 
p . ( Arg91 Leu ) 
p . ( Pro92Thr ) 
p . ( Pro97Arg ) 
p . ( Glu100Gln ) 
p . ( Leu113Pro ) 
p . ( Pro119 Thr ) 
p . ( Lys131Ile ) 
p . ( Asp 132Tyr ) 
p . ( Asn189Ser ) 
p . ( Glu192Ala ) 
p . ( Cys206Gly ) 
p . ( Pro233 Leu ) 
p . ( Pro239Thr ) 
p . ( Pro252Arg ) 
p . ( Ile255Thr ) 
p . ( Arg258Leu ) 
p . ( Arg263Gly ) 
p . ( Arg263Pro ) 
p . ( Arg263Leu ) 
p . ( Val266Ala ) 
p . ( Asp321Gly ) 
p . ( Asn280Lys ) * 
p . ( Asp 109Glu ) * 
p . ( Ile310Leu ) * 

0.19 / 0.04 
0.26 / 0.06 
1.07 / 0.25 
1.07 / 0.25 
0.47 / 0.11 
1.95 / 0.45 
2.98 / 0.69 
0.51 / 0.12 

0/0 
1.88 / 0.44 

0/0 
1.17 / 0.27 
0.33 / 0.08 
1.39 / 0.32 
0.14 / 0.03 

0/0 
0/0 

2.16 / 0.5 
0.73 / 0.17 
0.14 / 0.03 

0/0 
0/0 

0.07 / 0.016 
0.12 / 0.03 
0.43 / 0.10 
0.97 / 0.22 
0.07 / 0.016 
0.24 / 0.06 
0.24 / 0.06 
0.24 / 0.06 
0.12 / 0.03 

1 / 0.23 
0.21 / 0.05 
0.38 / 0.09 
2.93 / 0.68 

Disruption of folding 
Disruption of folding 
Disruption of folding 
Disruption of folding 
Disruption of folding 
Disruption of folding 
Disruption of folding 
Disruption of folding 
Disruption of folding 
Disruption of folding 
Disruption of folding 
Disruption of folding 

* Disruption of cofactor binding 

Legend . 
* Variants found in lipedema families are marked with an asterisk and a detailed description of structural consequences is reported below ; 
Freferences : ( Penning et al . , 2019 ; Hara et al . , 1996 ; Matsuura et al . , 1997 ) . 
The above variants are , if not stated otherwise , extracted from the following database : https://gnomad.broadinstitute.org/genel 
ENSG00000187134 ? dataset = gnomad_r2_1 
These variants have been created in a mutagenesis experiment described by Couture et al . 
2The enzyme activity parameters described by Couture et al . were used to calculate those of the first variant identified by Michelini et al . in a family 
with lipedema , p . ( Leu213Gln ) . 
3This variant is not described in the above database , the respective DNA and protein sequences are reflected by SEQ ID NO 5 and 6 , respectively . 

[ 0051 ] In the following the Applicant reports a detailed 
descriptions of structural consequences of variants found in 
lipedema families . 
[ 0052 ] In the inventors ' patients , six missense mutations 
were found , namely Leu54 Val , Leu54Phe , Asp109Glu , 
Asn280Lys , Ile310Leu and Leu213Gln . The effects of such 
mutations on enzyme folding , stability , and biological activ 

[ 0053 ] Starting with Leu54Val and Leu54Phe , the role of 
Leu54 in substrate selectivity has been already elucidated 
( Penning et al . , 2019 ; Hara et al . , 1996 ; Matsuura et al . , 
1997 ) , and can be summarized as follows ( see also FIG . 5 ) . 
Human AKR1C1 and AKR1C2 differ in that AKR1C1 
exhibits 20C - HSD activity , whereas AKR1C2 exhibits 
3a - HSD . The two enzymes differ for seven amino acids , and 
only one is located at the active site at position 54 : leucine 
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for C1 and valine for C2 . The replacement of Leu54 by the 
less bulky valine changes the 20a activity to 3a . Consis 
tently , the reverse mutation Val54Leu converts the 3C - HSD 
into 20C - HSD regarding its activity ( Zhang et al . , 2014 ) . 
Evidence that enzymes work in the reduction direction in 
mammalian cells ( Byrns et al . , 2010 ; Byrns et al . , 2012 ; 
Rizner et al . , 2003 ; Rizner et al . , 2006 ) lead the Leu54Val 
mutation to hamper the processing of progesterone . 
[ 0054 ] Similarly , the interaction between the steroid and 
the enzyme is disrupted by the replacement of the same 
Leu54 by phenylalanine , as shown by the molecular dynam 
ics simulation . In the wildtype , Leu54 and Trp227 play a 
significant role in binding the steroid by interacting with 
opposite faces of the polycyclic ring of the ligand and 
contribute as much as 33 % of the overall binding energy . 
Mutation of Leu54 to Phe , although enhancing the hydro 
phobic nature of the interaction , introduce a second large , 
aromatic sidechain in place hampering the ligand entrance in 
the site and conducive of binding disruption ( see FIGS . 6 ( a ) 
and ( 6 ) ) . Indeed , from the molecular dynamics simulations , 
we noticed that the steroid was unstable , and phenylalanine 
was pushed back . 
[ 0055 ] Interestingly , phenylalanine is present at position 
54 in the wildtype , non - human AKR1C8P , but here the steric 
hindrance with the opposite amino acid 227 is compensated 
by the presence of the smaller asparagine . At the same time , 
the cumbersome tryptophan is ‘ shifted to position 228 . 
Nonetheless , 1C8 preserve the same 20C - HSD activity of 
1C1 . As previously mentioned , this may indicate coevolu 
tion between positions 54 and 227 . 
[ 0056 ] Referring now to Asn280Lys , it can be said that 
asparagine 280 takes part in cofactor binding ; together with 
Gln279 it is responsible for adenine group binding through 
a hydrogen bond to the amine group ( see FIG . 7 ) . The 
molecular simulation showed how Asn is the stronger binder 
of the two . Such finding is also confirmed by the molecular 
mechanics ' energy contributions to the cofactor binding 
resulting from MMPBSA , showing 6 - fold higher interaction 
energy for Asn280 with respect to Gln279 ( 17 kJ / mol vs. 3 
kJ / mol ) . 
[ 0057 ] Although such variant involved the replacement of 
a small side chain with a bulky one , molecular modelling 
showed how hydrophobic moiety of lysine can be easily 
accommodated by displacement of water molecules . MD 
simulation confirmed a small effect is exerted on the protein 
structure , while the missing H - bond acceptor capability of 
Lys led to the loss of interaction with the adenine ring , 
resulting in the aromatic ring flipping away from its position , 
also because of the attraction of Lys280 to the phosphate 
group . The optimal binding geometry is then disrupted 
rather than folding . 
[ 0058 ] On the other hand , Asp 109Glu is a small structural 
change . Furthermore , the conservation at this position is 
very high , with a relatively low amino acid entropy . 
[ 0059 ] Finally , Ile310Leu is a small structural change 
since Leu and Ile are isoforms . Furthermore , amino acid 
entropy is large , implying that position 310 is not conserved 
throughout evolution . 
[ 0060 ] AKR1C1 is a member of the AKR1C family of 
enzymes that share a high percentage of amino acid 
sequence identity ( from 84 to 98 % ) . This family catalyzes 
NADPH dependent oxydoreductions either for the biosyn 
thesis or inactivation of steroid hormones , bile acids and 
neurosteroids . All AKRIC enzyme catalyze a sequential 

ordered Bi - Bi substrate enzyme reaction . In particular , 
AKR1C1 in involved in the “ alternative pathway ” of andro 
gen biosynthesis inactivating the most potent androgen 
5alpha - dihydrotestosterone ( 5alpha - DHT ) to 5alpha - andros 
tane - 3beta , 17beta - diol , a potent agonist of ERbeta which 
exerts anti - proliferative effect . Androgens play an important 
role in regulation of body fat distribution in humans . They 
exert direct effects on adipocyte differentiation in a depot 
specific manner , via the androgen receptor ( AR ) , leading to 
modulation of adipocyte size and fat compartment expan 
sion . AKR1C1 can also regulate the cellular concentration of 
allopregnanolone by preventing its formation from proges 
terone and by catalyzing its inactivation . Indeed , AKR1C1 
catalyzes progesterone reaction to form the less potent 
progestogen 20alpha - hydroxy - 4 - pregnen - 3 - one , reduce 
5alpha - pregnane - 3,20 - dione ( 5alpha - DHP ) to form 20alpha 
hydroxy - 5alpha - pregnan - 3 - one or 3alpha - hydroxy - 5alpha 
pregnan - 20 - one ( allopregnanolone ) to a less neuroactive 
5alpha - pregnane - 3alpha , 20alpha - diol . AKR1C1 therefore is 
involved in the inactivation of allopregnanolone , that acts in 
the central nervous system as positive allosteric modulator 
of gamma aminobutyric acid receptor A ( GABAA ) . As other 
enzyme of the family can reduce also 20alpha - hydroxy 
5alpha - pregnan - 3 - one to 5alpha - pregnane - 3alpha , 20alpha 
diol . Progesterone has lipogenic action on adipose tissue by 
upregulating adipocyte determination and differentiation 
through 1 / sterol regulatory element - binding protein lc 
( ADD1 / SREBP1c ) expression in primary cultured preadi 
pocyte from rat parametrial adipose tissue ( Lacasa et al . , 
2001 ) . ADD1 / SREBP1c promotes adipocyte differentiation 
and gene expression linked to fatty acid metabolism ( Kim 
and Spiegelman , 1996 ) . The levels of progesterone and 
5alpha - dihydrotestosterone can be detected in body fluids . 
Levels of progesterone ranges during normal menstrual 
cycles from 0 ng / ml ( follicular phase ) to 28 ng / ml ( central 
luteal phase ) , values range from 11 to 422 ng / ml during 
pregnancy , while in post menopause or in males , levels of 
progesterone are less than 1.2 ng / ml . Levels of 5alpha - DHT 
range from 250-990 pg / ml in males , from 24-368 in pre 
menopause females and from 10-181 in post menopause 
females . 

[ 0061 ] A recent study revealed that the best combination 
to diagnose polycystic ovary syndrome ( PCOS ) , including 
up to four steroids , was a ratio comprising androstanediol , 
estriol , 20 % DHcortisone and cortisol accordingly to the 
following formula : ( androstanedioll - SX20B - DH - cortisone ) / , 
( 20B - DH - cortisone + [ cortisolxlog ( estriol ) ] . This ratio was 
significantly increased in PCOS compared to controls at a 
threshold value of 2435 ( Dhayat et al . , 2018 ) . Considering 
the activity of the AKR1C1 enzyme , this ratio reasonably 
has diagnostic value in lipedema . 
[ 0062 ] AKR1C1 is also involved in catalyzing the synthe 
sis of prostaglandins in humans ( Dozier et al . , 2008 ) . It has 
been shown that prostaglandin 2 alpha ( PGF2a ) inhibited 
adipogenesis by activating at its specific receptor on preadi 
pocytes ( Lepak and Serrero , 1995 ; Taketani et al . , 2014 ) . In 
mice , a decrease in intra - adipose tissue PGF2a levels fol 
lowing Akr1b7 ablation leads to increased adiposity , a 
phenotype that is reversed by the chronic administration of 
Cloprostenol , a PGF2a agonist ( Volat el al . , 2012 ) . PGF2a 
and its derivatives can therefore be used as molecular 
diagnostic / prognostic markers and therapeutic agents also in 
lipedema . PGF2a can be reliably quantified by measurement 
of 15 - keto - 13,14 - dihydro - PGF2a , the major metabolite of 

a 
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9 PGF2a in plasma ( Helmersson et al . , 2005 ) . The isoprostane 
8 - iso - Prostaglandin F2a ( 8 - iso - PGF2c ) , a prostaglandin 
like molecule , is a quantitative ROS biomarker used to 
measure oxidative stress in vivo which correlates positively 
with BMI , intra - abdominal fat and waist circumference 

( Milne et al . , 2015 ; Jia et al . , 2019 ) . Both molecules can be 
easily quantified in different body fluids such as plasma , 
serum or urine . 
[ 0063 ] A list of AKR1C1 metabolites for use in diagnos 
tics is reported in table 5 . 

TABLE 5 

AKR1C1 metabolites for use in diagnostics 

Molecule Common name 

3a - Hvdroxy - 5a - pregnan - 20 - one Allopregnanolone ( allo ) 
3a - Hydroxy - 5b - pregnan - 20 - one Pregnanolone ( preg ) 
3B - Hvdroxy - 5a - pregnan - 20 - one Isopregnanolone ( iso ) 
3B - Hydroxy - 5B - pregnan - 20 - one Epipregnanolone ( epi ) 
5a - Pregnane - 3,20 - dione 5a - Dihydroprogesterone ( 5a - DHP ) 
5B - Pregnane - 3,20 - dione 5B - Dihydroprogesterone ( 5B - DHP ) 
Pregn - 4 - ene - 3,20 - dione Progesterone ( P ) 
20a - Hydroxy - pregn - 4 - ene - 3 - one 20a - dihydroprogesterone ( 20a - OHP ) 
5a - Pregnane - 3a , 20a - diol Allopregnanediol 
5B - Pregnane - 3a , 20a - diol Pregnanediol 
5a - Androstan - 17ß - ol - 3 - one 5a - Dihydrotestosterone ( 5a - DHT ) 
5a - androstane - 3a , 17ß - diol 3a - Androstanediol ( 3a - Adiol ) 
21 - hydroxy - 5a - pregnan - 20 - one 5a - Dihydrodeoxycorticosterone ( 5aDHDOC ) 
3a , 21 - dihydroxy - 5a - pregnan - 20 - one 30,5a - Tetrahydrodeoxycorticosterone 
Pregnanetriol / 17 - hydroxypregnanolone ( alloTHDOC ) ( P3 ) / ( 17HP ) 
15 - keto - 13,14 - dihydro - PGF2a PGFM 
8 - iso - Prostaglandin F2a 8 - iso - PGF2a 

[ 0064 ] In the literature , a number of natural and synthetic 
compounds are known to exert a modulatory action on the 
key human progesterone - metabolizing enzyme , AKRIC . 
[ 0065 ] A list of compounds for treatments for lipedema 
comprising the use of natural molecules or chemicals that 
modulate the catalytic activity of the AKR1C1 enzyme are 
shown in table 6 . 

TABLE 6 

Natural and synthetic compounds that modulate AKR1C1 

Enzyme activity 
( inhibition / activation ) Compound Main sources 

2,3 - dimethoxynaphthalene - 1,4 - dione ( DMNQ ) Synthetic 
20a - hydroxydydrogesterone Synthetic 
3,5 - dichlorosalycilic acid Synthetic 
3,5 - diiodosalycilic acid Synthetic 
3,7 - dihydroxyflavone Synthetic 
3 - bromo - 5 - phenylsalicylic acid Synthetic 
3 - Hihydroxy flavone Synthetic 
5 - Hihydroxy flavone Synthetic 
5,7 - Dihydroxyflavone Passiflora coerulea 
5 - Metoxy flavone Synthetic 
7 - Hydroxy flavone Synthetic 
Abietic acid Pine wood 
AKR1C1 Inhibitor , 5 - PBSA Synthetic 
AKR1C1 - IN - 1 Synthetic 
Apigenin Snapdragon , chamomille 
Benzodiazepines ( diazepam , Synthetic 
medazepam , estazolam , flunitrazepam , 
nitrazepam , cloxazolam , bromazepam , 
oxazolam and oxazepam ) 
Biochanin A Red clover , soy , alfalfa sprouts , 

peanuts , chickpea ( Cicer 
arietinum ) and in other legumes 

Chrysin Scutellaria baicalensis 
Coumarin Woodruff , vanilla , lavender oil , 

tonka bean , minor constituent in 
cherries , strawberries , apricots 

Coumestrol Soybeans , brussels sprouts , 
spinach and a variety of legumes , 
clover , Kala Chana , Alfalfa sprouts 

activation 
inhibition 
inhibition 
inhibition 
inhibition 
inhibition 
inhibition 
inhibition 
inhibition 
inhibition 
inhibition 
inhibition 
inhibition 
inhibition 
inhibition 
inhibition 

inhibition 

inhibition 
inhibition 

inhibition 
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TABLE 6 - continued 

Natural and synthetic compounds that modulate AKR1C1 

Compound Main sources 
Enzyme activity 

( inhibition activation ) 
Cyclopentanone 
Curcumin 
Daidzein 
Diethylstilbestrol 
Dydrogesterone 
Equilin 

inhibition 
Unknown 
inhibition 
inhibition 
inhibition 
inhibition 

Ethacrynic acid 
Flavanone 
Flavone 
Genistein 
Glycyrrhetinic acid 
Hydrogen peroxide 
Kaempferol 

Synthetic 
Curcuma longa 
Soybeans , beer 
Synthetic 
Synthetic 
Horse estrogen ; estrogen 
replacement therapy 
Synthetic 
yellow / red fruits , vegetables 
yellow / red fruits , vegetables 
Soybeans , beer 
Licorice 
Synthetic 
Tea , grapes , berries and 
cruciferous vegetables 
Licorice 
Parsley , artichoke , basil , celery 
Mangosteen 
Synthetic 
Derived from jasmonic acid as 
found in many plants 
Grapefruit 
Synthetic 

activation 
inhibition 
inhibition 
inhibition 
inhibition 
activation 
inhibition 

Liquiritin 
Luteolin 
Mangosteen extract 
Medroxyprogesterone acetate 
Methyl jasmonate 

inhibition 
inhibition 
inhibition 
inhibition 
inhibition 

inhibition 
inhibition 

Naringenin 
Nonsteroidal Anti - Inflammatory Drugs 
( mefenamic acid , indomethacin , 
celecoxib , diclofenac , naproxen , 
ibuprofen , ketoprofen , paracetamol , 
acetylsalicylic acid , etodolac , 3 
phenoyxbenzoic acid , sulindac , 
meclofenamic acid , zomepirac , 
Norethinodrone 
Quercetin 

inhibition 
inhibition 

Resveratrol 

Synthetic 
Chamomille , red onions , apples , 
tea , endive 
Skins of certain red , grapes , in 
peanuts , blueberries , pines , roots and 
stalks of knotweed 
Synthetic 

inhibition 

inhibition Steroidal Inhibitors 
( medroxyprogesterone acetate , 
bethamethasone , steroidal lactones , 
cholanic acid derivatives 
t - butylhydroquinone 
Tamoxifen 
Wagonin 
Zearalenone 

Synthetic 
Synthetic 
Scutellaria baicalensis 
Mold - infected grain and feeds 

activation 
inhibition 
inhibition 
inhibition 

[ 0066 ] PGE2 and PGF2a and its analogue ( viprostol , latanoprost , isopropyl unoprostone , bimatoprost ) can exhibit 
antiadipogenic properties . Some active constituents from 
Chinese herbs as ricinoleic acid , acteoside , amentoflavone , 
quercetin - 3-0 - rutinoside and hinokiflavone were predicted 
to be prostaglandin D2 synthase ( PTGDS ) inhibitors ( Fong 
et al . , 2015 ) . Inversely , other natural supplements such as 

chlorella and green tea are proposed be used to decrease 
PGE2 and PGF2a levels ( Koeberle et al . , 2009 ; Haidari et 
al . , 2018 ) . 
[ 0067 ] A list of compounds for treatments of lipedema 
comprising the use of natural molecules or chemicals that 
modulate prostaglandins are shown in table 7 . 

TABLE 7 

Natural and synthetic compounds that modulate prostaglandins 

Compound Main sources Activity 

Acteoside Rehmannia glutinosa 
Amentoflavone Biota orientalis 
Chlorella Chlorella 
Green tea Green tea 
Hinokiflavone Platycladus orientalis 
Quercetin - 3 - O - rutinoside Platycladus orientalis 
Ricinoleic acid Ricinus communis 
Sennosides Cassia species 
Viprostol , latanoprost , isopropyl Syntetic 
unoprostone , bimatoprost 

PTGDS inhibitors 
PTGDS inhibitors 
decrease PGE2 and PGF2a levels 
decrease PGE2 levels 
PTGDS inhibitors 
PTGDS inhibitors 
PTGDS inhibitors 
increase PGE2 formation 
PGF2a analogues 
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TABLE 8 - continued 

Docking analysis of natural and synthetic 
compounds that modulate AKR1C1 

Binding affinity 
( Kcal / mol ) Compound 

[ 0068 ] Natural and synthetic compounds that modulate 
AKR1C1 and listed in Table 6 were submitted to molecular 
docking procedure by using Autodock Vina 1.2 with the 
following parameters : AKR1C1 and NADPH coordinate 
from PDB entry 1MRQ ; amino acids Tyr24 , Leu54 and 
Trp227 set as flexible sidechain : docking box set centered at 
x = 4.29 y = 33.9 z = 17.06 with size x = 17.39 y = 11.16 z = 12.67 , 
vina scoring function . Results are reported as binding affin 
ity in Kcal / mol ( the lowest , the better ) in Table 8. Taking 2 
Kcal / mol as the common threshold for binding energy 
significance , we have 11 top compounds ( in bold ) ; signifi 
cantly 6 out of 11 are simple flavones / flavonones ( in bold 
and italics ) . The double stacking interaction of B ring with 
Tyr24 phenol and Trp227 indole rings is the driving force of 
the interaction . 

Medroxyprogesterone Acetate 
2,3 - Dimethoxynaphthalene - 1,4 - Dione 
Cloxazolam 
Medroxyprogesterone Acetate 
Diethylstilbestrol 
Ibuprofen 
Cyclopentanone 
Zomepirac 
3,5 - Dichlorosalicylic Acid 
Flunitrazepam 
Tamoxifen 
Hydroxytyrosol 
T - Butylhydroquinone 
Curcumin 
Ethacrynic Acid 
Methyl Jasmonate 
3,5 - Diiodosalicylic Acid 

-13.46 
-13.43 
-13.40 
-13.33 
-13.31 
-13.23 
-13.20 
-13.03 
-12.97 
-12.93 
-12.89 
-12.75 
-12.60 
-12.52 
-12.37 
-11.84 
-11.76 

TABLE 8 

Docking analysis of natural and synthetic 
compounds that modulate AKR1C1 

Compound 
Binding affinity 

( Kcal / mol ) 
[ 0069 ] The analysis has been repeated for AKR1C1 
mutant Leu54 Val by using the same parameters ( Table 9 ) . 
Such mutation is known to convert enzymatic activity of 
AKR1C1 into that of AKR1C2 , which might eliminate 
androgen inhibitory effects on adipogenesis favouring pro 
gression of adipogenesis ( Kiani et al . , 2021 ) , thus selective 
targeting of such mutation would modulate its possible 
effect on fat deposition . Again , flavones are among the 
favorites , but with lower affinity and competing with natural 
steroids like equilin or with large pentacyclic molecules 
glycyrrhetinic acid ; this is due to the lower steric hindrance 
of valine vs. leucine resulting in less selective active site . 

TABLE 9 

Docking analysis of natural and synthetic compounds 
interacting with AKR1C1 mutant Leu54Val 

Binding affinity 
( Kcal / mol ) Compound 

Flavanone 
Flavone 
3 - Hydroxyflavone 
5 - Hydroxyflavone 
Equilin 
Diazepam 
20a - Hydroxydydrogesterone 
Coumarin 
Glycyrrhetinic Acid 
7 - Hydroxyflavone 
3,7 - Dihydroxyflavone 
Coumestrol 
Apigenin 
Flurbiprofen 
Abietic Acid 
Mefenamic Acid 
Beta - Mangostin 
Cholanic Acid 
Alpha - Mangostin 
5,7 - Dyhydroxyflavone 
Naringenin 
Ketoprofen 
Naproxen 
Luteolin 
Quercetin 
Gamma - Mangostin 
Norethindrone 
Betamethasone 
Biochanin A 
Oxazolam 
Medazepam 
3 - Bromo , 5 - Phenylsalicylic Acid 
5 - Pbsa 
Genistein 
Liquiritin 
Meclofenamic Acid 
Sulindac 
5 - Methoxyflavone 
Zearalenone 
Nitrazepam 
Estazolam 
Kaempferol 
Spironolactone 
Wagonin 
Bromazepam 
Indomethacin 
Daidzein 
Oxazepam 
Paracetamol 
Resveratrol 

-17.45 
-17.25 
-16.12 
-16.09 
-15.84 
-15.70 
-15.69 
-15.58 
-15.57 
-15.54 
-15.48 
-15.20 
-15.16 
-15.06 
-15.04 
-15.03 
-15.00 
-14.98 
-14.96 
-14.94 
-14.93 
-14.91 
-14.70 
-14.70 
-14.65 
-14.62 
-14.60 
-14.51 
-14.43 
-14.42 
-14.42 
-14.32 
-14.32 
-14.28 
-14.18 
-14.17 
-14.09 
-14.06 
-13.98 
-13.96 
-13.85 
-13.85 
-13.75 
-13.74 
-13.73 
-13.71 
-13.68 
-13.66 
-13.66 
-13.50 

Glycyrrhetinic Acid 
Equilin 
Flavone 
Flavanone 
3 - Hydroxyflavone 
Abietic Acid 
Coumestrol 
Nitrazepam 
Betamethasone 
5 - Hydroxyflavone 
20a - Hydroxydydrogesterone 
Diazepam 
Cholanic Acid 
Alpha - Mangostin 
Gamma - Mangostin 
Beta - Mangostin 
Estazolam 
Genistein 
Sulindac 
5 - Pbsa 
3 - Bromo - 5 - Phenylsalicylic Acid 
3,7 - Dihydroxyflavone 
Oxazepam 
Norethindrone 
7 - Hydroxyflavone 
Naringenin 
Daidzein 

-14.41 
-14.22 
-14.18 
-14.11 
-14.10 
-13.91 
-13.63 
-13.59 
-13.52 
-13.49 
-13.46 
-13.42 
-13.41 
-13.41 
-13.38 
-13.34 
-13.29 
-13.24 
-13.08 
-13.04 
-13.04 
-13.00 
-12.93 
-12.84 
-12.84 
-12.84 
-12.80 
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TABLE 9 - continued TABLE 10 - continued 

Docking analysis of natural and synthetic compounds 
interacting with AKR1C1 mutant Leu54Val 

Docking analysis of natural and synthetic compounds 
interacting with AKR1C1 mutant Leu54Val 

Binding affinity 
( Kcal / mol ) 

Binding affinity 
( Kcal / mol ) Compound Compound 

5 - Methoxyflavone 
5,7 - Dyhydroxyflavone 
Flunitrazepam 
Bromazepam 
Celecoxib 
Zomepirac 
Apigenin 
Luteolin 
Kaempferol 
Quercetin 
Medroxyprogesterone - Acetate 
Medroxyprogesterone - Acetate 
Coumarin 
Wagonin 
Zearalenone 
Indomethacin 
Meclofenamic Acid 
Biochanin - A 
Flurbiprofen 
Ketoprofen 
Liquiritin 
Diclofenac 
Naproxen 
Mefenamic Acid 
Medazepam 
3 - Phenoxybenzoic Acid 
Resveratrol 
Oxazolam 
Cloxazolam 
Diethylstilbestrol 
Spironolactone 
Etodolac 
Tamoxifen 
Hydroxytyrosol 
Methyl - Jasmonate 
T - Butylhydroquinone 
Cyclopentanone 
Curcumin 
Ethacrynic Acid 
2,3 - Dimethoxynaphthalene - 1,4 - Dione 
Ibuprofen 
Paracetamol 
Acetylsalicylic Acid 
3,5 - Diiodosalicylic Acid 
3,5 - Dichlorosalicylic Acid 

-12.72 
-12.62 
-12.61 
-12.59 
-12.59 
-12.58 
-12.57 
-12.56 
-12.51 
-12.47 
-12.41 
-12.41 
-12.40 
-12.39 
-12.35 
-12.30 
-12.24 
-12.17 
-12.11 
-12.07 
-12.06 
-12.05 
-12.04 
-11.94 
-11.69 
-11.55 
-11.50 
-11.46 
-11.42 
-11.39 
-11.33 
-11.33 
-11.18 
-11.08 
-10.83 
-10.79 
-10.69 
-10.61 
-10.57 
-10.42 
-10.24 
-10.15 
-10.12 
-10.02 
-9.69 

Nitrazepam 
Diazepam 
7 - Hydroxyflavone 
20a - Hydroxydydrogesterone 
Zearalenone 
Spironolactone 
3 - Hydroxyflavone 
Medazepam 
Cloxazolam 
Norethindrone 
Sulindac 
Glycyrrhetinic Acid 
Ketoprofen 
5,7 - Dyhydroxyflavone 
5 - Posa 
3 - Bromo - 5 - Phenylsalicylic Acid 
Betamethasone 
Daidzein 
Gamma - Mangostin 
Naproxen 
3-7 - Dihydroxyflavone 
Coumestrol 
Apigenin 
T - Butylhydroquinone 
Luteolin 
Naringenin 
Genistein 
Celecoxib 
Bromazepam 
Resveratrol 
Oxazolam 
Liquiritin 
Abietic Acid 
Coumarin 
Alpha - Mangostin 
3 - Phenoxybenzoic Acid 
Etodolac 
3,5 - Dichlorosalicylic Acid 
Biochanin - A 
Flurbiprofen 
Diethylstilbestrol 
Wagonin 
Oxazepam 
Flunitrazepam 
Kaempferol 
5 - Methoxyflavone 
Mefenamic Acid 
Zomepirac 
Beta - Mangostin 
3,5 - Diiodosalicylic Acid 
Acetylsalicylic Acid 
Methyl - Jasmonate 
Paracetamol 
Diclofenac 
Quercetin 
Hydroxytyrosol 
Indomethacin 
Meclofenamic Acid 
2,3 - Dimethoxynaphthalene - 1,4 - Dione 
Ibuprofen 
Cyclopentanone 
Curcumin 
Tamoxifen 
Ethacrynic Acid 

-17.29 
-17.11 
-16.94 
-16.81 
-16.76 
-16.45 
-16.42 
-16.35 
-16.33 
-16.30 
-16.24 
-16.17 
-16.15 
-16.13 
-16.05 
-16.05 
-15.93 
-15.91 
-15.77 
-15.72 
-15.72 
-15.70 
-15.68 
-15.66 
-15.60 
-15.56 
-15.54 
-15.51 
-15.51 
-15.46 
-15.46 
-15.46 
-15.44 
-15.43 
-15.27 
-15.24 
-15.23 
-15.23 
-15.22 
-15.21 
-15.12 
- 15.09 
-15.02 
-15.01 
-14.96 
-14.87 
-14.82 
-14.57 
-14.56 
-14.46 
-14.34 
-14.09 
-13.97 
-13.92 
-13.88 
-13.86 
-13.80 
-13.78 
-13.73 
-13.58 
-13.29 
-13.00 
-12.89 
-12.19 

[ 0070 ] AKR1C1 Leu54Phe mutant is the other variant 
affecting substrate binding site accessibility presently ana 
lyzed . Oppositely but coherently with Leu54Val flavones are 
the tighter binders due to the incremented steric hindrance of 
phenylalanine which is able to stacking interact with A / C 
ings of the binder ( Table 10 ) . 

TABLE 10 

Docking analysis of natural and synthetic compounds 
interacting with AKR1C1 mutant Leu54Val 

Compound 
Binding affinity 

( Kcal / mol ) 
Flavone 
Flavanone 
Medroxyprogesterone - Acetate 
Cholanic Acid 
Equilin 
Estazolam 
5 - Hydroxyflavone 

-18.35 
-18.21 
-18.04 
-17.96 
-17.81 
-17.48 
-17.29 

[ 0071 ] The molecules of tables 9 and 10 have been ana 
lyzed considering the interaction with two specific variants , 
both on nucleotide 54. For every substance indicated in table 
8 , it is possible to identify through a study determining the 
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affinity to AKR1C1 the most efficient one for a patient with 
a specific variant , as done for a patient with a variant on 
nucleotide 54 . 
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SEQUENCE LISTING 

< 160 > NUMBER OF SEQ ID NOS : 6 

< 210 > SEQ ID NO 1 
< 211 > LENGTH : 198 69 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Homo sapiens 

< 400 > SEQUENCE : 1 

aaacatttgc cagccaggct agtgacagaa atggattcga aatatcagtg tgtgaagctg 60 

aatgatggtc acttcatgcc tgtcctggga tttggcacct atgcgcctgc agaggtaaca 120 

ataatatttt tagtgttgag agttcaaagg agctagagta agtggaagct gaccaggttg 180 

tcaggcttgt gttcctatgt tactctgcat gactcccctt taaacgtcag tctttgttct 240 

gcaatgccat cttgtcacag ggtcatctac tgcttatttg tggcactgtt ttgtcttctg 300 

tttatgttta tttcacagct tgtcagagtc tatacaactc agcagaaaga acacggcttg 360 

cctgctccct ctcttgaaga ttgattgcaa tgggagtggt ttctctgttt ctttgtatag 420 

tcgaacagat atttacttct tccaagaaga tacaattcag aggaattttt atggcaaaag 480 

ttagtggaga cggggtggat gaaatctgtt gggagagtat cactgttctg atgggcggcc 540 

ttgagcacca cactgtaata ctagacctgg cctaaagaga atttctcatg tactattctc 600 

acctctggga aaattacctg aaacgataaa atatcctcat tttaagaaaa aaaaaatact 660 

agaacctaac aaggaaaatt taaattcttt ttctttgtta atatgggtca aatttgtatc 720 

aaaatattgt aacagaaaaatttcttgttt ctctgacagg aaaattaatg gaatagattt 780 

tcttttctag acttagctat ttctacactg gaagaaaact tgtatctcaa gactgtcttg 840 

ggaatacaat gtgtgtgaat agggactagt tacataaaat ttgggtttca catttctgat 900 

ctatacaata taaggattta caaagggaca ttttgaagac cattgacagg agtggtttac 960 

tttgtaatat aaattgacat ggagaggaag taaagatgag gataccacta aagctccagc 1020 

tttggtaagc ctttgagtac tcatacagca aagaaatgat caaggatggt atgaggagag 1080 

ggctgtgaga cccagtatct agttccttgt aattctatgg gaaaaagaaa gcctctgaaa 1140 

tactttccag ataggaaaac agtttgcttt gtttctgttt ttgtcattta aaagatatac 1200 

tttcaaatct gtatccaaat ttgttacgta agtcaataat tgtaaatttc actgcaatca 1260 

tatgtttcct aaaagagttg ccttgaactt atggaactga accccatttt gctaatcact 1320 

tactccttgc agtctatttc ttatacaaat caatatcctt agagtataca tttttacaco 1380 

tactatttag ttctgtcatg ccgacagaat ggctaatggc tgtgtagaaa agacttgaca 1440 

taatagactgctatccatag acaggcctgt ttcccatata aacctgctgg tatctgataa 1500 

ggtggatttc tcactatttc ctaactgata agaatggtgg ctgtaagtaa ctgcttgtgc 1560 

aaactgcgga gtttctgtgc acctgctttc cttttggaga cttttggaag ttttgtgcct 1620 

gcgaagcaga gtgagtcaat gtaaccagtc ccagacaaaa tcttagtaat ggagtatgta 1680 

gagagcatct cttgtagaca acagttcaca tacattgaca aaatatgatt ccgggtaaag 1740 

tcagtgcatt ctgtgcaata tggtgggaga ggaatcacag gagcttacac tgtattcctt 1800 

catatttcct tocatgtggc tatttcctcg tgttaatttc tttttttgtt tgtttggttt 1860 

ttgttttgtt tttctgagat ggagtctcgc tttgtcgtcc aggctggagt gcagtggtgc 1920 

gacctcagct cactgcaagc tccgcctcct gggttcacgt cattctcctg ccccagcctc 1980 
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- continued 

cccagtagct gggactacag gcgcctgcca ccatgcccgg ctaatttttt ctatttttag 2040 

tagagatgga gttgttaacc aggatggcct tgatctcctg atctcatgat ccgcccagct 2100 

cggcctccca aagtgctggg attacaggtg tgagccgcca cgcctggcca ttccttgtgt 2160 

taattttacc atactaaaaa taattaagat tatatctata actataggtt gcatcctgtt 2220 

aatttttcca aaaaatgact gaacctgaaa ttgttttggg gacacttcca aactagtggt 2280 

caagcagtga tttttctggg actgcagaag ttcctgctgt gcccaacctt tattactaac 2340 

tgggaaagac ccagggagac tgggatgggc tcatgattct acatacagaa ctcatccaag 2400 

aaaggaggaa aagctgattt ttgtgaacgt cgctacttgt gcctgaacta actctcaggc 2460 

acattagtca gaaaatacta cctatggtta ctcccccagg ttcctaaaag taaagcttta 2520 

gaggccacca aattggcaat tgaagctggc ttccgccata ttgattctgc tcatttatac 2580 

aataatgagg agcaggttgg actggccatc cgaagcaaga ttgcagatgg cagtgtgaag 2640 

agagaagaca tattctacac ttcaaaggta ctgtgcctat gatgagcttg tgtgcacatg 2700 

tatttattgt gattgtgtgg aggtggcagt tctatgactg gatccatagt atagggtgaa 2760 

ttgtgcttat ttattacgat ttattcacac ttactcatgt attaaaacta atatcaaagg 2820 

caggaagtga agatggcttt ctcatctttg cagtgttcca attcatgcct tcaaagtgcc 2880 

tttacttttt gagctcagca cagatcaata tggtttaaca tagactatag aatcagaaaa 2940 

aatcctaatc atattatatt atttcttacc tcctgggtga gtttcttaca cttgttatga 3000 

ttctcagttt ccattattat gttgatcata gagagagaaa gcaatataag caagctctgt 3060 

gagtattaaa gaataacgcc tacattatct caaattgtgt ccagcccaag ttgacatatt 3120 

aaaaactctg tttgcttcct cagtttctaa accacaaaga tacttaatct tgcccattgg 3180 

gctgaataga tgaaataatt acactactaa catgagttgt aaaacttacc aaagataatt 3240 

cagataatgg gtatgcttat gatttgataa caacttttac cttttgagta atttcactct 3300 

ttcattcaat atatgtacta actatatato caacatatta taaagttcat catgatatgg 3360 

cagaacaaaa ggcatcacaa gaagagagag aataattttg cctgtggtca ttagttttga 3420 

agtagtagaa aatgtctaaa tattaggtgg agcaaactag taaaattggc tcaagttttc 3480 

attacacaac ttcctttctc taacctctgc agctttggtg caattcccat cgaccagagt 3540 

tggtccgacc agccttggaa aggtcactga aaaatcttca attggattat gttgacctct 3600 

accttattca ttttccagtg tctgtaaagg taggcagctt gtgtgatcaa attaatttca 3660 

cttttgttct cagcataaat attgttttta tggatatttg aactaagcat tttcttagga 3720 

ggacataggg attataacat agaagaagaa tcctaaatct aactcctaat tcctttctat 3780 

gggatacatt ttgaatccat acttccgtga ttgcatgtct ataagaaaag aaagtgcaga 3840 

actctcaaag cctctgcctc aaaaacttga ggaaatgata gtcatctcct tgaaggcaca 3900 

aggtcttagt tatgattcct gatttcacct cttgggatgt tcacagacac agagtttcat 3960 

gaagctgtgg tgtccagaaa acctgctgca catagggtgc acaatgagtt tccatcttct 4020 

tgcctctttt taaggggcga gaactcagtc cgggagtgtc ttaaactaca gaccttcatg 4080 

ggaaaccttg ttgcttctgc ttcctctctt ttcacactgg aggttttatt tttgcttago 4140 

catgaattct tgggtcattc ataacttttg tcttaaggta ctgaaaacta gtcaggctag 4200 

ttaatgcaaa agggtatatt agatatgata atgggaaatc aaagccaggg ctacattaag 4260 
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- continued 

aatttgataa aaactctaaa aatatatcct ttctccaccc ttatctctgc tttattacaa 4320 

aaggettttt aagtatttgt tocaaccttt ttcgttggtg gcatttatgg ctttggagca 4380 

ctgtcaggcc catgttcatt accgtgagct cctgtgcatc tcctaatttc caaactagcc 4440 

ttgaaaacac ctccattgac catgattggt tcatggtcct gtgcatggaa catcatatgt 4500 

tcagggagat aaagaactct gatagtggca cctgggtaaa aagtacaatc cattatatct 4560 

ggatatcaag atcttttgca gttgaagaga ggtattgcca cagagaaaat tataggagca 4620 

gaagaaagtc aatgaaagtc aatgatgaca ctccattagg aaccagaaag aggtatttat 4680 

ttatacatgt aatagttgta agagattaga gggagcctgt cacctgaaga cattccttat 4740 

accttcatat gtagtacact ctgtacatac cactctctgg agcactgcat cacctacctc 4800 

atggaggatt agtgtcctta aatgtacctc agagcatggc tatgtgtgga gaaattgact 4860 

tgtgacatca ctaaactgac tgcttctact tcagccaggt gaggaagtga tcccaaaaga 4920 

tgaaaatgga aaaatactat ttgacacagt ggatctctgt gccacatggg aggtgagtgt 4980 

ttggaggtga gagaacggat aagaaagatg aggtaggata catctgtttc ctatcttctt 5040 

agtacaagta tggaaaatgc accattggat caaaaactta ggaactttac aaaggtagtt 5100 

tttgtgagca gtgaggaaaa agaaatgaca ggcatacaaa agagagaagt ggaggagaag 5160 

aattgggggt aaggaggact gggatttatt tccttgcctt ttcactaatc tctccagttt 5220 

cccaaggagg aaacagaaat acttactctt gcaatcacta tcttcttccc caattttctg 5280 

ttttattttt tcccttttaa gaaccacggc tagctagttt tattgtcata tctagacagt 5340 

tgttactttc acagttctgt gtcacattta tcttgatctt ccacacctca caattccttt 5400 

ttcccaggcc gtggagaagt gtaaagatgc aggattggcc aagtccatcg gggtgtccaa 5460 

cttcaaccgc aggcagctgg agatgatcct caacaagcca gggctcaagt acaagcctgt 5520 

ctgcaaccag gtgagcaccc tcagcctcct ctcctttctg ttcttcatgc ccctctttct 5580 

gtcctattgc caagtatcca ttcatttagt cccacttatc tttgtaaaag agaagattct 5640 

agagagcaaa gactctgtct cgaagggcat agagggatct tacttgtacc cggcttagaa 5700 

aagtcttaga aaaggtgttg taactttgat gotgaattgt gtgttatatt tatgggaggt 5760 

caattcaatc aaggaggcca aggattgtca attagactca gggaaaggtg gacttacccc 5820 

taagctatga aagatgacca gagaatggat gggtgaaggt gatttggagg gaactgtgca 5880 

tagatatgaa gccgtgaaga gatggaatga acagtacata aggagagagt gagagcaaga 5940 

gaagagaaat actagggatt cacatgggct tcggatgtct cagtgcctct tggtgtctct 6000 

gctttcacac ttcttgacca agggcataga tacactaaaa attatctgca gacaatgaag 6060 

gtcatccatg gtagaaagag aaaataacct gtttatggga gatatctgtt cacagtggat 6120 

gaaatccaca ctgaggaagg ttcagcagaa catggagctg acctatgact gcccccgctc 6180 

ctagttggct gctcttcttt ggagtctgtc atgcaatcag ctgcttaaac acatctatto 6240 

tctatgtgtt ccttttgtag cctagagata attccatctt ttccttgagt cctgactggt 6300 

gattccaggc ctccttgatc aaattgactg tccccaaatg ttacacacat ttcagcatta 6360 

aagttactac acttttccca gtaaattaca tttttttgtt ttattttatg ttttaaaact 6420 

tagagtcaat cagtgaagat ctacagtgga aatacatatg tataaaatta gtgaatttgg 6480 

tataatgata cggtgctgtg ataatttaat aaaagcattg agaaattaat gtggttttaa 6540 
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tactagtagt tccccaattt tttaatatgg ccattttcac actttccaaa aatttgataa 6600 

aaataatact ggagacccat gttaccattt atattcaaaa ttactaacat tttgcaatgt 6660 

tatatggagt atatctgcat aaatacatat aatgtttcta gaacctcttc aaggtaaatt 6720 

gtaaagatga caattgaccc ctagagacct ctcaaagcat gtcacaggaa tgaagatatt 6780 

ctcccagtto cagtgtcatt actgtatcta agaacatcat ctatagtgcc ctcatgtcat 6840 

ttggtatcca gtccatattt gaatttttcc ttgcttaatc aaaatatctt ttgtagctct 6900 

tcttttttta accagaattc aattgttttt atattgttgt attttgatat cagttaactt 6960 

gtttttccca gttgttgaag gtttctgtaa attagaagtt agatgagagt gttttattac 7020 

attgacttaa acctttgggg caagaaaata tttttatcat gctgtgtttt tcaaattgca 7080 

ccacactaga ctgcatacaa tcacagaatg ccccactagt ggtgaaggta gttttaaaaa 7140 

cttggttaag ctccaacaat gatagactgg attaagaaaa tgtggcacat atacaccatg 7200 

gaatactatg cagccataaa aaatgatgag ttcatatcct ttgtagggac atggatgaaa 7260 

ctggaaatca tcattgtcag taaactatcg caagaacaaa aaaccaaaca ccgcatattc 7320 

tcactcatag gtgggaattg aacaatgaga tcacatggat acaggaaggg gaatatcaca 7380 

ctctggggac tgttgtgggg tggggggagg ggggagggat agcactggga gatataccta 7440 

atgctagatg acgagttagt aggtgcagcg taccaacatg gcacatgtat acatatgtaa 7500 

ctaacctgca caatgtgcac atgtaccctc gaacttaaag tataataaaa aaaaaaaaac 7560 

ttggttaagc taacagtggt cagatctgtt gtttttaact catgttttct ctttaacaat 7620 

tactagtaat ctgctggggg ataattctca acagaagaag tcatattccc atgacaaatt 7680 

ttcacatatg attgagtata catcagtgat ttgaactttt ttctactgca tttctgtttt 7740 

cttctttgtt atttcttatt tgttatttcc ttggggtttt tacataatca tttacaattt 7800 

taaccacttg tttaactatt cttacctgac atttaattaa aaatgatttc tcaccaagta 7860 

aaaataataa actactattc ctctaagtga gggtaaaggt gaacttcttc cttcaattag 7920 

caatgtactg tgaacgtaat tactgtaatg accaccatca gagtagacaa agattgttgt 7980 

tctttttctc attgtcgcac taattactac agactcacgg attcttgtgt tatgattttt 8040 

aatttatttt actcattttt taatgctcac atctactcag catatatata ttatatatat 8100 

atatatataa aatatatatg aaagaagaat gtgatcaaag actcatgagg gcaagtgtaa 8160 

aagacaaaag cacttgtttc atagggaacc cactggtgac atttgagata tcaacataca 8220 

aatccatcat acaaaaagga aaagtaatga aagactgtga aaattatcag tatttatgtg 8280 

tgtatgtata ttttctagtt catctatata gatatatatc atagatggca tatatgatat 8340 

atatattata tgtcagatca attagaaaac atacatatac atgtatgcat ttttggtatt 8400 

aattaggaaa ctagttcttt tgtctttcag acctgccctc atgagtcttt gaccaaattc 8460 

ttgatttctg gcacgatttg atgcccaagg ctcaaagaat cttacctcat cccagctctg 8520 

aaattggccg tgtctcgtto tagtggtcgg agttattgag aaaccaggat agggttcatg 8580 

gagttgottg tgctcagaaa tagcatttct attttcttag gagagagggg cataaaattt 8640 

atttttatga aaaagatcat ttttgacaat aatattctca gttcaaattt aatgctctac 8700 

attattcagc ttcttttact ttggtgattt taatattagt gtaacttttg gattatctga 8760 

tgcttttcca tcttgctcgt ctgcaggtgg aatgtcatcc ttacttcaac cagagaaaac 8820 
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tgctggattt ctgcaagtca aaagacattg ttctggttgc ctatagtgct ctgggatccc 8880 

accgagaaga accatggtaa taagagatac aggaagttta cctaaaacac cggtttgata 8940 

aaaaaaattt aatcagatca tgctgtttcc tggagttcac tcacagctga cttggggtga 9000 

gggaagaatt tgcatttctg acgagatccc aggtgatgtt gaggctgctg ttcgggggcc 9060 

tcgcttgaga agctccggtg cagagtggac gccttagtct gtttagggag ccgcctaaca 9120 

aactgtatcc ccagcctcag ggcctcagcc tttctgcctt tccttccagg gtggacccga 9180 

actccccggt gctcttggag gacccagtcctttgtgcctt ggcaaaaaag cacaagcgaa 9240 

ccccagccct gattgccctg cgctaccagc tacagcgtgg ggttgtggtc ctggccaaga 9300 

gctacaatga gcagcgcatc agacagaacg tgcaggtgag gagcggggct gtgggcctca 9360 

ggtctcctgc acagtgtcct tcacacgtgt gottcttgta aggctctcag gacagccttg 9420 

ggccagctcc atttccctgt atttcctatg catgaactct ttgtgtacgt cataagggtt 9480 

tcttctactc tagcacagga gaggcaacag aggtggagag aaataggatg ggatcaaaac 9540 

tacagatttg ggttagcgtt aagtcagtga tatccatatc cctctgctgg ggccatgtcc 9600 

ttttctttat tttttataat gaagcattga ttagatgttc tttagtctcc aactcatggc 9660 

ggatttttct tcttgtatgt ttatgtagta taaattcctt atatttattc tcttagaatt 9720 

ttatctttgc gaagtgcttg tttaactctg cctttttttt tttggcgagg tggttgtgtg 9780 

tctttatttt tatgtgtagg agaccatatt tataccaata ccttaggata taagacaaac 9840 

ccacttaata tagaggetta atgcaaaagc atttattgag ctcaaggttc catggttaga 9900 

aaattagcct gggctcagcc taaactcagt ccattccttc tgttcctggc tgggctctca 9960 

tgtgtgttca gggcagtgag gcagctctgc ttcaggatgt ccctggggca tctgtgtgag 10020 

cgcccccctc tcccatgcag ttctttatcc tccagccatc cagcccaggg ttcacctcag 10080 

cacagggcat gaccccaagg cagtgagtgg acatgtgcaa agccttttca ggtctaggct 10140 

cagagctgcc aaccattgct tctgggaaat tctatcacct aatgcaagtt acaggacagg 10200 

tcagactcaa ggggtgggga aaaagacacc acctcttgtt ggaaggagct ggaaattcat 10260 

ataaccaagc aagtggatac agggacatgt gattgttaga gggcatgttc ctaattaatc 10320 

tatcatttat acgatatgtg tgaaataaca tattaatagt tatatgtatg aatatgaata 10380 

tatataaatt gatatactat ttcatatatt cttaagaata catccaagtc totaaagaat 10440 

taatatccag aatacatgca tatatatgtt ttctaattag ttatatacag atatatgaaa 10500 

tatcatatat gatatatatt ataaaaccta tgtcacatat atgacatata tcatgtatat 10560 

gtatatgtgt cactatttgc taaaacatta agtaaaatca gtgtagaaat ccataggata 10620 

ctctgaaata atgatacaga gaatgagaaa gaaagtaaaa aatgacaatg aaacaattga 10680 

tgaatctagg taatggcatt tactatatta ttttaaaaat atttttagac attagaaaac 10740 

ccacaaaact aaaaggaaat attatgaaat aactgtggaa attatcagta tttatacata 10800 

tgtgtatgtt ctctaattca tctagtatat atagatatat gacatatgtg ttatataata 10860 

tatatgttag attaactaga aaccatacat atatatgtat ttattctgga tattaattct 10920 

ttagagactt aaatgtattc ttgaaataac atctcccaaa ttttacctgt gttgtcatat 10980 

tctctgtggt tatgttttca caaacaaaag tttctatcct tcatgtagac taatttttca 11040 

tgcctctttc ttgtggttgg tgagtgttgt gtcttatcct atattgggaa tatcacaata 11100 
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tattactgtg ttatcttaca aaattgttaa tattctttcc ttataaattt ggttaattct 11160 

aatgggattg actttttaaa tactgtatga gataaggatc caaatatgca tatctaattt 11220 

ttgaattttt agcaaaattt cccaccaaca tttattgaaa agttcatatt tgctcacata 11280 

acttgatttt tttacctgta acatatatga aatgtccatg agcaattatc tggcctctct 11340 

tccatcttca gttaacttat ttacttttct gtactatgat gttaaaaagt aagtttcact 11400 

tccagtatgg tacaaatatt tttctaactt cttcatttat ttaataatat cttagctatt 11460 

cttgactaat gtgttattta aaactttgaa tcatcttatt aacttccaca agcaaataaa 11520 

tgtttagtct cttgttgaca ttgtaataag cctccagato aatgtggaga gaactaaatg 11580 

tttgacaata ttgagatttc caatgcatga tcataatatg aatttcccac ttattaatag 11640 

ccttttaata aatatataat taatttcata actttctctg ttactgatga ttttaatagt 11700 

ttttgataac ttttcatttt tgttttatgg attttctaat atatagaaat attaaaagaa 11760 

taatgcaaca aatcttctta cctacattca tcaagtgtta cattgctgtc attttttact 11820 

ctctttctct cattttctgt attactcctt cagtttccct atggatttat acacttattt 11880 

gattgaatgt attagaaaga gtgacatctt tttgatattt agagtctccc aaatttacat 11940 

agtgagagta cccacacctt ttgaatgtga aatcgttagt atttagacaa ttattggett 12000 

gagtgatgtt gaaaactaat ttttcctatt atacctgttc attggagaga tagatattca 12060 

atgttattca tcaaacctac taaattatgc tagacattac aaaatttgcc tctagattet 12120 

tgtgggtctt ctaggtacat gaccctatca tgtgggcaca aagtaagctc tgtttcttct 12180 

tcagcttcct ctgagatatt ctcttcatct gcagtgttgt gcagtttcaa aatattttat 12240 

ctgggaatgg atttctgctt atttttgact ggttttcatt gaccacttgg gtgtttagag 12300 

aggtctttca taaattttgg aaacgtatca atcttttaag tattgtctct gcaccctact 12360 

gtctgatgaa cttggttgtt cccaattggc aatgatgtaa tctaaaaata attaaagttt 12420 

totattactt tgataggtgt ttgaattcca gttgacttca gaggagatga aagccataga 12480 

tggcctaaac agaaatgtgc gatatttgac ccttgatatg taagtaattt tggagatggt 12540 

tgtcctaatt tattttcaga ggaggaacgt aggatgggtg ttgagagtga cctccacacc 12600 

aggggcacag aggccaacgt gagacagagg tgagacagga gotttctgga agtctcctcc 12660 

tggattcact ccagagctct gttctctggc agggagagtg gcctggggtc agcatgggtc 12720 

aacctgtgcc tctgctctcg tgactccaag gaactttcca gagcagccaa gatcattgct 12780 

gaatctgcac cttccatgta ggcctgctgt ttgtgctact gtctagtgta cacactgtgg 12840 

atattgccca tgtggtcgca ttagatgttt ccaaatctgt gottctatct tgttcttccc 12900 

aacctgctca atgtcttacc agatcaaagg cagttccgtc aatcttgtgg occaggttcc 12960 

aattcccacc tctttcacat ggaattgott gctggatcct gtcgatttag catttttaat 13020 

catttcaaac ctttttcgtg cctgtctttg catgtttgcc catgagccaa acactgcatt 13080 

tgcctccaga aagtctgtct tagtgaagcg aataggagca cttggccttg gtgttctgca 13140 

atatggagat ctcagtgcag agaatgaaga aatgttaaaa tcaaatgcag agtgtagatg 13200 

caaaagcacc attgttggag ataatttata accaataaca gaagtttact attcctctgt 13260 

gttctaaggt tctaggattc ataga aggtc attcatataa tgagggaaaa aagaagttat 13320 

gtaactgctg gcagtaggga tttcaacaag taatagagat gatgagataa tgtgtgaaaa 13380 
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aaacaagcac aatggtacat cataagtacc caaaatttgg tggatattat tagtagtatt 13440 

ttattcattt agaggaaaat acaaaatgaa aacggagatg ataaaaagaa aaggaaaagt 13500 

ggcaagcatt agaaagtttt aaaaccaatt aatgtttttg gggatcatga aatcaatcac 13560 

tagtgttatt ttgtagaact caaatatggt ctggagtaaa ccacttgcga gcttccaagt 13620 

gtttgctctt ggtgtaatca aaaaggatag gctcaattcc ctaattaata agttgtaatt 13680 

gtacatgtga gcagtcattt atctgtgtct ttacattttg tgttatttct gcctataaaa 13740 

tggtttatac attgtagctc tttggatatt ggaccctata tcaaaaacaa caatttacat 13800 

ttctgaatct aaccaactat gttgcatatg ataggcaggt agtaatatgt aaagtaatta 13860 

agtataattg ctaccagtat aatcatcaca ctcaaaattg tttattagtg atgagcatat 13920 

gtcttgotta ttcctcttca atgtaaggca gtatagttcc atttttactg agaatttgaa 13980 

atagaaaagg t?agtatatc tctttgctct gttgacagat gtagagaaat atgtttgaac 14040 

atttcacttt gtgtgtttta tgtgttaagt tccaggcagg ggaatagaat taaattattc 14100 

tttattttga aaatacagat atgataaagt cacattcatt aaacaaagaa acacagatto 14160 

tagagcagtc agaaaatgaa cttcttaaca tctacactag cggcagcttc ctagaaatca 14220 

ctgcactacc cgctagtaac ggagtcattg ccattcagag tgtgcatttt tttttctctt 14280 

tccagttttg ctggcccccc taattatcca ttttctgatg aatattaaca tggagggcat 14340 

tocatgaggt ctgccagaag gocctgcgtg tggatggtga cacagaggat ggctctatge 14400 

tggtgactgg acacatcgcc tctggttaaa tctctcctgc ttggtgattt cagcaagcta 14460 

cagcaaagcc cattggccag aaaggaaaga caataatttt gttttttcat tttgaaaaaa 14520 

ttaaatgctc tctcctaaag attcttcacc tactttggtc tccataactt ctatgttttc 14580 

tttccttctg acacactagt gcccctaaat tgtgatttgc ctatacgttt agggccgggg 14640 

ttggaagatg ttaacaacca tttaagattc atttctgcag tgggagtggg tggagtttca 14700 

ccctctggga aaggggcagg tgacaggtat ttatcagtca gtgcctctct agctcttgta 14760 

ggaagaagca cacgcaggat ggagtctaga ggatgagcga tattgactag caattcatgg 14820 

gctccctcca gcagtgcgag ggtcagagtt tctggagcct tgggaggagg catccctgtg 14880 

agggggggtt agggagatgg gagggcacca ggaaaagtga ttagaagtca ggtatgggaa 14940 

ggotaaatag gacagagtcg agtacatctc tgcttggaaa aacatatcaa cacccttttt 15000 

tttgaacatt atatcttgct cataaaagaa aactttccac attgttttaa caaaccccac 15060 

agctgagagt caggcctgaa tctttgatgt gtgcccattc acaacgttga ccctattggt 15120 

ttgtggtggg gcagggcatc aaagacatca ttgactaatc acattcccct gaatagctca 15180 

tatttagaaa atattcttag attctaaaaa tgtactatta atttgtgata ttcagtcttt 15240 

taaatatttt atacattaaa caggcatagt tacaaatata aaacaaaaat atcccaaagc 15300 

cattatgcat ggcactcaag attaaaatgg gaaataatac atctaataaa tcaaatgttc 15360 

caagacttca aaggtctttt ggaaacaggc tatgtaaaac agcacactgg tttcaaactt 15420 

tggtaaattt taagaacaac tcttacaaag gcatttaatt cttatacata attttcaggg 15480 

gacctaagtt aatcagctaa tcatgaagac atgattttca ttttagaaaa cacttttgaa 15540 

aacttgggat aatctcatgc cttaatgatc aaagcattat gagaaggaca gtggttttta 15600 

acctgggcat atgttctaac acatttactc tccactattc gtactctggt agccatgtta 15660 



US 2022/0362260 A1 Nov. 17 , 2022 
21 

- continued 

accccatcag agattccttc tcaagccatg tctcagagct gagaggcatc ccagcaagtt 15720 

ttgcagctca cagttttttc cgtaaattac ttattctata aaattggagt aggccataaa 15780 

ctttggaggg coctagacca attttttgga ttatttttcg tcttctatca ttccgctgat 15840 

cttagatatt ctctgcatta aatattaaat atcacttcta ggctgaaaaa tccccctaaa 15900 

aatatttcta gctcagattt ttcctccaaa ttctgcaata gaagatcaca atgtgaacto 15960 

tgcatctcca tgttaaagtc taatggacat tcacacttag catgtctcaa agaaatctca 16020 

tgtaaaccat ggccatcctg ttctacotta actttctgag tctatggaat gataatttca 16080 

catctcataa acttgactga tgtaagtgtc aagaaaagat tgacattttg ttaaaagtta 16140 

gtagtgaagt gtgtaacgct taagcaaact ttcatatttc aaatctcttt agcaagtgta 16200 

actctttttt caagatgtga aataatcatt aggtcagtca tttgtaaata gtacatctgc 16260 

tatggacttt ttccagttct tcaccatcca tttttataaa actcttattg ttaaaaaaaa 16320 

agttactcag aatttcataa agccaaacac ctgatttcag gaacacttga gatgtaagaa 16380 

aattttatag ggacctccaa tcactaattt tcctattttt tctctcaaag aaatgctgaa 16440 

gggaggaatt caggttgaat gaaaggaaat agtaacttac agccatatag agttataaag 16500 

acttcttgta aatgtgaaca tatggtaaaa tataaaaaca tgtatttttg aaattttgga 16560 

ttctactcat tattttactt caatttaaga tataaatgta tagaaataag tataattcta 16620 

agctaatacg tatgcaatgt aggaagctgt aattactgac caaaactatg tgaagtggag 16680 

aaaacctggg gaagtggatg gttttagatg aaactgaagt taaattcata ttgatttaaa 16740 

gtaaattgtt ataactttat aaagtttttc atcatcacca cagcaatcac aaagagaata 16800 

attatgaata tacgcaagag gaaatgagaa gggaatccaa atgtcattaa aaaaaaatca 16860 

cgccacctca caaaatggta acagtggata taaaggatag aaagctataa acctggtagg 16920 

aaaacattga aaatggcaca agtgactcct tccctgtcac caatgacagt catgtgttgc 16980 

ataatgcctg ggctatcttc tgagaatggc tttgttaggc aactgtgtca tggtggggac 17040 

atgatagcat tagagagaat tctctcaaac actgtcatgg ccttatcaac tatgcttctg 17100 

taatattctg aatccttcgc tgcctttcca acagtgttta caacggtttc ctaagaaatg 17160 

aaatccattt caccaaacca cttttcttgc tcatccataa gaaacacttc tcctttgtta 17220 

aaattacatc atgagattgc aagcattcag taacttgcaa gctccaattt gaattctagt 17280 

tgtcttgcta tttccaccac atctgcaatt actttctcca ctgaaatctt gcattcctcc 17340 

aagtcatcca ggagggttga attcacttct ttcaaactcc tgttcaagta aatgttttgc 17400 

cctcctgtca cgaatcatga atgtttttaa tggcatctag aatagtaaat ctttttcaga 17460 

agattttcaa ttttcttttc ccaggttctt cagacaagtc accatggtag ctgtagactt 17520 

atgaaatgta tttcctgaac cataaaacaa gaacatcaaa attactctat gatccatggg 17580 

aaacagaatg catgttgtgt tagcaggcat ggaaagaaca gtaatctctt tcaacctctg 17640 

taagagagtt cttggttgat taggtacctt gtcgataggc agttctaatt tcaaagaact 17700 

ttttcttttg ctgagcagta agtcttaaca gtgggcttaa aatattcagt aaaccattat 17760 

ttaaggagat gtggcttaaa tatctaggct ttcttgcttt atttatagaa cacttacaga 17820 

gtagatatag attaaatctt aaggacccta ggattgttag aatagtaaat gaacatcata 17880 

tgttgtaata tagttagcca gggaggggaa agatctctac aagaaataat tttaaaaact 17940 
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actcaaagaa atcagagata tcacaaaatg acaaaacaag tacaggggca gcaaaaggta 18000 

acagatgtca actatgagat ctcatcaaga actaagaaaa tggagaaaag taccagatgg 18060 

cagatgggag gcagtgtgag catgcctctc ccacttggag attagtgtgt agagatttac 18120 

attgtgaatt tcttttcaag aaccaatgca gagacttaac agatatatga aaaaatttca 18180 

catacactct gaagaagtct caggcacaat cctactccat gaaataagaa aaaaccatca 18240 

catccccaga ttctgagggg agagagttca ctccagagca tacatcccca ctggggatct 18300 

ggaaattcag gccacaagag aaggetttga tcctgtgcgg acaagtgcct tgagcagaat 18360 

ccacagggga gagctggaag tgcatggcag atatgagcac agaagctggg tgtccagcct 18420 

tgtgggcaga ccgggaggga tgtggcctga aagccatggt tattatctca gcgtgtaagc 18480 

tgatgatctg aggctggtca gagttctgtg cgcagactgc ctggatgtaa acctggcact 18540 

gttagcagag cactgcatga atgaaaggaa tgaaaatagccttgccaact gcataggtgc 18600 

tgggtgaggc tcactgtggg gggcgcacgg caagctattc aacattacgt acaggcattt 18 660 

gaggtcgggg catggaaaaa tactgaggca gtgtgtgtat gttatttgtg ctgagaatga 18720 

aactccttga ccttgaaaac aggacaggga gtggtgtgtg tgctgtgata aggaatgctg 18780 

aaaacggtct cctgagaatg cggtttgagt gottttacaa ggccacaggt gtctcacgac 18840 

ctgacctcat aaagccatct agtggatgtt tgtggottaa caagcccctt caataagtac 18900 

ttggcggagg gatgctgggg ggaccttctt agaagagctg cgccccaccc ccctccctgg 18960 

acagcccagc tacaattgtc tgagaactca ctgcaagctg taagcggccc actacttccc 19020 

actccctttt ttgaactctt ctgtgcagca gaggcaatta aactctcctc tggaacatta 19080 

ccccagcagc ctgagaacca ccccttggcg ctcacagggg ctgcagcctg ccttatccaa 19140 

ggacagttag agtgcagacc cacctaaccc tggacccact ggtggtaccc atccacccat 19200 

cctggtagct taacacaaag atacactttt aggagcttca tagcccctct tcccccattg 19260 

cctgagaaac cactttccct gggcaactta gggcaagctc aaatcccact getaccacca 19320 

cagctggtgc tcttttgcaa gtgccacctc ctagctggag accaaccagc acagtccaca 19380 

cagcacctca aggaagaata aatagaactg ttcccaggaa ggagaaaatg cctgcatgag 19440 

ctcagctgtt accactgcgt accacaccct gaccagtcag aggtcttgag toggtccgca 19500 

tgacaagttc accgctcgca taaccagcat tcaagaaagc cagcacacta agcctatcta 19560 

cagccaggga gtctcagagt ctacgtcact cccctgccac ctcaatcaga gctggtgctg 19620 

gtatccactg ctgggagact tgtgctgagg tgaagcctgg gctggatggc tggaggatga 19680 

agaactgcac ggaggagatg gaggcaccca gacagatgcc ccatggacat cctgaagcag 19740 

agctgcctca ctgccctgca cacacatgag agcgcagcca ggaacagaag gactgggcaa 19800 

cattcaggcg gagcccaggc caattttcta aacatggaat atgagttaaa taaatggctt 19860 

cgtattaaa 19869 

< 210 > SEQ ID NO 2 
< 211 > LENGTH : 6513 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Homo sapiens 

< 400 > SEQUENCE : 2 

atggattega aatatcagtg tgtgaagctg aatgatggtc acttcatgcc tgtcctggga 60 
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tttggcacct atgcgcctgc agaggttcct aaaagtaaag ctttagaggc caccaaattg 120 

gcaattgaag ctggcttccg ccatattgat tctgctcatt tatacaataa tgaggagcag 180 

gttggactgg ccatccgaag caagattgca gatggcagtg tgaagagaga agacatatto 240 

tacacttcaa agctttggtg caattcccat cgaccagagt tggtccgacc agccttggaa 300 

aggtcactga aaaatcttca attggattat gttgacctct accttattca ttttccagtg 360 

tctgtaaagc caggtgagga agtgatccca aaagatgaaa atggaaaaat actatttgac 420 

acagtggatc tctgtgccac atgggaggcc gtggagaagt gtaaagatgc aggattggcc 480 

aagtccatcg gggtgtccaa cttcaaccgc aggcagctgg agatgatcct caacaagcca 540 

gggctcaagt acaagcctgt ctgcaaccag gtggaatgtc atccttactt caaccagaga 600 

aaactgctgg atttctgcaa gtcaaaagac attgttctgg ttgcctatag tgctctggga 660 

tcccaccgag aagaaccatg ggtggacccg aactccccgg tgctcttgga ggacccagtc 720 

ctttgtgcct tggcaaaaaa gcacaagcga accccagccc tgattgccct gcgctaccag 780 

ctacagcgtg gggttgtggt cctggccaag agctacaatg agcagcgcat cagacagaac 840 

gtgcaggtgt ttgaattcca gttgacttca gaggagatga aagccataga tggcctaaac 900 

agaaatgtgc gatatttgac ccttgatatt tttgctggcc cccctaatta tccattttct 960 

gatgaatatt aacatggagg gcattgcatg aggtctgcca gaaggccctg cgtgtggatg 1020 

gtgacacaga ggatggctct atgctggtga ctggacacat cgcctctggt taaatctctc 1080 

ctgcttggtg atttcagcaa gctacagcaa agcccattgg ccagaaagga aagacaataa 1140 

ttttgttttt tcattttgaa aaaattaaat gctctctcct aaagattctt cacctacttt 1200 

ggtctccata acttctatgt tttctttcct tctgacacac tagtgcccct aaattgtgat 1260 

ttgcctatac gtttagggcc ggggttggaa gatgttaaca accatttaag attcatttct 1320 

gcagtgggag tgggtggagt ttcaccctct gggaaagggg caggtgacag gtatttatca 1380 

gtcagtgcct ctctagctct tgtaggaaga agcacacgca ggatggagtc tagaggatga 1440 

gcgatattga ctagcaattc atgggctccc tccagcagtg cgagggtcag agtttctgga 1500 

gccttgggag gaggcatccc tgtgaggggg ggttagggag atgggagggc accaggaaaa 1560 

gtgattagaa gtcaggtatg ggaaggctaa ataggacaga gtcgagtaca tctctgcttg 1620 

gaaaaacata tcaacaccct tttttttgaa cattatatct tgctcataaa agaaaacttt 1680 

ccacattgtt ttaacaaacc ccacagctga gagtcaggcc tgaatctttg atgtgtgccc 1740 

attcacaacg ttgaccctat tggtttgtgg tggggcaggg catcaaagac atcattgact 1800 

aatcacatto ccctgaatag ctcatattta gaaaatattc ttagattcta aaaatgtact 1860 

attaatttgt gatattcagt cttttaaata ttttatacat taaacaggca tagttacaaa 1920 

tataaaacaa aaatatccca aagccattat gcatggcact caagattaaa atgggaaata 1980 

atacatctaa taaatcaaat gttccaagac ttcaaaggtc ttttggaaac aggctatgta 2040 

aaacagcaca ctggtttcaa actttggtaa attttaagaa caactcttac aaaggcattt 2100 

aattcttata cataattttc aggggaccta agttaatcag ctaatcatga agacatgatt 2160 

ttcattttag aaaacacttt tgaaaacttg ggataatctc atgccttaat gatcaaagca 2220 

ttatgagaag gacagtggtt tttaacctgg gcatatgttc taacacattt actctccact 2280 

attcgtactc tggtagccat gttaacccca tcagagattc cttctcaagc catgtctcag 2340 
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agctgagagg catcccagca agttttgcag ctcacagttt tttccgtaaa ttacttattc 2400 

tataaaattg gagtaggcca taaactttgg agggccctag accaattttt tggattattt 2460 

ttcgtcttct atcattccgc tgatcttaga tattctctgc attaaatatt aaatatcact 2520 

tctaggctga aaaatccccc taaaaatatt tctagctcag atttttcctc caaattctgc 2580 

aatagaagat cacaatgtga actctgcatc tccatgttaa agtctaatgg acattcacac 2640 

ttagcatgtc tcaaagaaat ctcatgtaaa ccatggccat cctgttctac cttaactttc 2700 

tgagtctatg gaatgataat ttcacatctc ataaacttga ctgatgtaag tgtcaagaaa 2760 

agattgacat tttgttaaaa gttagtagtg aagtgtgtaa cgcttaagca aactttcata 2820 

tttcaaatct ctttagcaag tgtaactctt ttttcaagat gtgaaataat cattaggtca 2880 

gtcatttgta aatagtacat ctgctatgga ctttttccag ttcttcacca tccattttta 2940 

taaaactctt attgttaaaa aaaaagttac tcagaatttc ataaagccaa acacctgatt 3000 

tcaggaacac ttgagatgta agaaaatttt atagggacct ccaatcacta attttcctat 3060 

tttttctctc aaagaaatgc tgaagggagg aattcaggtt gaatgaaagg aaatagtaac 3120 

ttacagccat atagagttat aaagacttct tgtaaatgtg aacatatggt aaaatataaa 3180 

aacatgtatt tttgaaattt tggattctac tcattatttt acttcaattt a agatataaa 3240 

tgtatagaaa taagtataat totaagctaa tacgtatgca atgtaggaag ctgtaattac 3300 

tgaccaaaac tatgtgaagt ggagaaaacc tggggaagtg gatggtttta gatgaaactg 3360 

aagttaaatt catattgatt taaagtaaat tgttataact ttataaagtt tttcatcatc 3420 

accacagcaa tcacaaagag aataattatg aatatacgca agaggaaatg agaagggaat 3480 

ccaaatgtca ttaaaaaaaa atcacgccac ctcacaaaat ggtaacagtg gatataaagg 3540 

atagaaagct ataaacctgg taggaaaaca ttgaaaatgg cacaagtgac tccttccctg 3600 

tcaccaatga cagtcatgtg ttgcataatg cctgggctat cttctgagaa tggctttgtt 3660 

aggcaactgt gtcatggtgg ggacatgata gcattagaga gaattctctc aaacactgtc 3720 

atggccttat caactatgct tctgtaatat tctgaatcct tcgctgcctt tocaacagtg 3780 

tttacaacgg tttcctaaga aatgaaatcc atttcaccaa accacttttc ttgctcatcc 3840 

ataagaaaca cttctccttt gttaaaatta catcatgaga ttgcaagcat tcagtaactt 3900 

gcaagctcca atttgaattc tagttgtctt gctatttcca ccacatctgc aattactttc 3960 

tocactgaaa tcttgcattc ctccaagtca tccaggaggg ttgaattcac ttctttcaaa 4020 

ctcctgttca agtaaatgtt ttgccctcct gtcacgaatc atgaatgttt ttaatggcat 4080 

ctagaatagt aaatcttttt cagaagattt tcaattttct tttcccaggt tcttcagaca 4140 

agtcaccatg gtagctgtag acttatgaaa tgtatttcct gaaccataaa acaagaacat 4200 

caaaattact ctatgatcca tgggaaacag aatgcatgtt gtgttagcag gcatggaaag 4260 

aacagtaatc tctttcaacc tctgtaagag agttcttggt tgattaggta ccttgtcgat 4320 

aggcagttct aatttcaaag aactttttct tttgctgagc agtaagtctt aacagtgggc 4380 

ttaaaatatt cagtaaacca ttatttaagg agatgtggct taaatatcta ggctttcttg 4440 

ctttatttat agaacactta cagagtagat atagattaaa tcttaaggac cctaggattg 4500 

ttagaatagt aaatgaacat catatgttgt aatatagtta gccagggagg ggaaagatct 4560 

ctacaagaaa taattttaaa aactactcaa agaaatcaga gatatcacaa aatgacaaaa 4620 
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caagtacagg ggcagcaaaa ggtaacagat gtcaactatg agatctcatc aagaactaag 4680 

aaaatggaga aaagtaccag atggcagatg ggaggcagtg tgagcatgcc tctcccactt 4740 

ggagattagt gtgtagagat ttacattgtg aatttctttt caagaaccaa tgcagagact 4800 

taacagatat atgaaaaaat ttcacataca ctctgaagaa gtctcaggca caatcctact 4860 

ccatgaaata agaaaaaacc atcacatccc cagattctga ggggagagag ttcactccag 4920 

agcatacatc cccactgggg atctggaaat tcaggccaca agagaaggct ttgatcctgt 4980 

gcggacaagt gccttgagca gaatccacag gggagagctg gaagtgcatg gcagatatga 5040 

gcacagaagc tgggtgtcca gccttgtggg cagaccggga gggatgtggc ctgaaagcca 5100 

tggttattat ctcagcgtgt aagctgatga tctgaggctg gtcagagttc tgtgcgcaga 5160 

ctgcctggat gtaaacctgg cactgttagc agagcactgc atgaatgaaa ggaatgaaaa 5220 

tagccttgcc aactgcatag gtgctgggtg aggctcactg tggggggcgc acggcaagct 5280 

attcaacatt acgtacaggc atttgaggtc ggggcatgga aaaatactga ggcagtgtgt 5340 

gtatgttatt tgtgctgaga atgaaactcc ttgaccttga aaacaggaca gggagtggtg 5400 

tgtgtgctgt gataaggaat gotgaaaacg gtctcctgag aatgcggttt gagtgctttt 5460 

acaaggccac aggtgtctca cgacctgacctcataaagcc atctagtgga tgtttgtggc 5520 

ttaacaagcc ccttcaataa gtacttggcg gagggatgct ggggggacct tcttagaaga 5580 

gctgcgcccc acccccctcc ctggacagcc cagctacaat tgtctgagaa ctcactgcaa 5640 

gctgtaagcg gcccactact tcccactccc ttttttgaac tcttctgtgc agcagaggca 5700 

attaaactct cctctggaac attaccccag cagcctgaga accacccctt ggcgctcaca 5760 

ggggctgcag cctgccttat ccaaggacag ttagagtgca gacccaccta accctggacc 5820 

cactggtggt acccatccac ccatcctggt agcttaacac aaagatacac ttttaggagc 5880 

ttcatagccc ctcttccccc attgcctgag aaaccacttt ccctgggcaa cttagggcaa 5940 

gctcaaatcc cactgctacc accacagctg gtgctctttt gcaagtgcca cctcctagct 6000 

ggagaccaac cagcacagtc cacacagcac ctcaaggaag aataaataga actgttccca 6060 

ggaaggagaa aatgcctgca tgagctcagc tgttaccact gcgtaccaca cectgaccag 6120 

tcagaggtct tgagtcggtc cgcatgacaa gttcaccgct cgcataacca gcattcaaga 6180 

aagccagcac actaagccta tctacagcca gggagtctca gagtctacgt cactcccctg 6240 

ccacctcaat cagagctggt gctggtatcc actgctggga gacttgtgct gaggtgaagc 6300 

ctgggctgga tggctggagg atgaagaact gcacggagga gatggaggca cccagacaga 6360 

tgccccatgg acatcctgaa gcagagctgc ctcactgccc tgcacacaca tgagagcgca 6420 

gccaggaaca gaaggactgg gcaacattca ggcggagccc aggccaattt tctaaacatg 6480 

gaatatgagt taaataaatg gcttogtatt aaa 6513 

< 210 > SEQ ID NO 3 
< 211 > LENGTH : 323 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Homo sapiens 

< 400 > SEQUENCE : 3 

Met Asp Ser Lys Tyr Gin Cys Val Lys Leu Asn Asp Gly His Phe Met 
5 10 15 1 

Pro Val Leu Gly Phe Gly Thr Tyr Ala Pro Ala Glu Val Pro Lys Ser 
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20 25 30 

Lys Ala Leu Glu Ala Thr Lys Leu Ala Ile Glu Ala Gly Phe Arg His 
35 40 45 

Ile Asp Ser Ala His Leu Tyr Asn Asn Glu Glu Gin Val Gly Leu Ala 
50 55 60 

Ile Arg Ser Lys Ile Ala Asp Gly Ser Val Lys Arg Glu Asp Ile Phe 
65 70 75 80 

Tyr Thr Ser Lys Leu Trp Cys Asn Ser His Arg Pro Glu Leu Val Arg 
85 90 95 

Pro Ala Leu Glu Arg Ser Leu Lys Asn Leu Gin Leu Asp Tyr Val Asp 
100 105 110 

Leu Tyr Leu Ile His Phe Pro Val Ser Val Lys Pro Gly Glu Glu Val 
115 120 125 

Ile Pro Lys Asp Glu Asn Gly Lys Ile Leu Phe Asp Thr Val Asp Leu 
130 135 140 

Cys Ala Thr Trp Glu Ala Val Glu Lys Cys Lys Asp Ala Gly Leu Ala 
145 150 155 160 

Lys Ser Ile Gly Val Ser Asn Phe Asn Arg Arg Gin Leu Glu Met Ile 
165 170 175 

Leu Asn Lys Pro Gly Leu Lys Tyr Lys Pro Val Cys Asn Gln Val Glu 
180 185 190 

Cys His Pro Tyr Phe Asn Gin Arg Lys Leu Leu Asp Phe Cys Lys Ser 
195 200 205 

Lys Asp Ile Val Leu Val Ala Tyr Ser Ala Leu Gly Ser His Arg Glu 
210 215 220 

Glu Pro Trp Val Asp Pro Asn Ser Pro Val Leu Leu Glu Asp Pro Val 
225 230 235 240 

Leu Cys Ala Leu Ala Lys Lys His Lys Arg Thr Pro Ala Leu Ile Ala 
245 250 255 

Leu Arg Tyr Gin Leu Gin Arg Gly Val Val Val Leu Ala Lys Ser Tyr 
260 265 270 

Asn Glu Gin Arg Ile Arg Gln Asn Val Gin Val Phe Glu Phe Gin Leu 
275 280 285 

Thr Ser Glu Glu Met Lys Ala Ile Asp Gly Leu Asn Arg Asn Val Arg 
290 295 300 

Tyr Leu Thr Leu Asp Ile Phe Ala Gly Pro Pro Asn Tyr Pro Phe Ser 
305 310 315 320 

Asp Glu Tyr 

< 210 > SEQ ID NO 4 
< 211 > LENGTH : 297 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Homo sapiens 

< 400 > SEQUENCE : 4 

Met Asp Ser Lys Tyr Gin Cys Val Lys Leu Asn Asp Gly His Phe Met 
1 5 10 15 

Pro Val Leu Gly Phe Gly Thr Tyr Ala Pro Ala Glu Val Pro Lys Ser 
20 25 30 

Lys Ala Leu Glu Ala Thr Lys Leu Ala Ile Glu Ala Gly Phe Arg His 
35 40 45 

Ile Asp Ser Ala His Leu Tyr Asn Asn Glu Glu Gln Val Gly Leu Ala 
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50 55 60 

Ile Arg Ser Lys Ile Ala Asp Gly Ser Val Lys Arg Glu Asp Ile Phe 
65 70 75 80 

Tyr Thr Ser Lys Leu Trp Cys Asn Ser His Arg Pro Glu Leu Val Arg 
85 90 95 

Pro Ala Leu Glu Arg Ser Leu Lys Asn Leu Gin Leu Asp Tyr Val Asp 
100 105 110 

Leu Tyr Leu Ile His Phe Pro Val Ser Val Lys Ala Val Glu Lys Cys 
115 120 125 

Lys Asp Ala Gly Leu Ala Lys Ser Ile Gly Val Ser Asn Phe Asn Arg 
130 135 140 

Arg Gin Leu Glu Met Ile Leu Asn Lys Pro Gly Leu Lys Tyr Lys Pro 
145 150 155 160 

Val Cys Asn Gin Val Glu Cys His Pro Tyr Phe Asn Gin Arg Lys Leu 
165 170 175 

Leu Asp Phe Cys Lys Ser Lys Asp Ile Val Leu Val Ala Tyr Ser Ala 
180 185 190 

Leu Gly Ser His Arg Glu Glu Pro Trp Val Asp Pro Asn Ser Pro Val 
195 200 205 

Leu Leu Glu Asp Pro Val Leu Cys Ala Leu Ala Lys Lys His Lys Arg 
210 215 220 

Thr Pro Ala Leu Ile Ala Leu Arg Tyr Gin Leu Gin Arg Gly Val Val 
225 230 235 240 

Val Leu Ala Lys Ser Tyr Asn Glu in Arg Ile Arg Gin Asn Val Gin 
245 250 255 

Val Phe Glu Phe Gin Leu Thr Ser Glu Glu Met Lys Ala Ile Asp Gly 
260 265 270 

Leu Asn Arg Asn Val Arg Tyr Leu Thr Leu Asp Ile Phe Ala Gly Pro 
275 280 285 

Pro Asn Tyr Pro Phe Ser Asp Glu Tyr 
290 295 

< 210 > SEQ ID NO 5 
< 211 > LENGTH : 19869 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Homo sapiens 

< 400 > SEQUENCE : 5 

aaacatttgc cagccaggct agtgacagaa atggattega aatatcagtg tgtgaagctg 60 

aatgatggtc acttcatgcc tgtcctggga tttggcacct atgcgcctgc agaggtaaca 120 

ataatatttt tagtgttgag agttcaaagg agctagagta agtggaagct gaccaggttg 180 

tcaggcttgt gttcctatgt tactctgcat gactcccctt taaacgtcag tctttgttct 240 

gcaatgccat cttgtcacag ggtcatctac tgcttatttg tggcactgtt ttgtcttctg 300 

tttatgttta tttcacagct tgtcagagtc tatacaactc agcagaaaga acacggcttg 360 

cctgctccct ctcttgaaga ttgattgcaa tgggagtggt ttctctgttt ctttgtatag 420 

tcgaacagat atttacttct tccaagaaga tacaattcag aggaattttt atggcaaaag 480 

ttagtggaga cg at gaaat tgtt gggagagtat ca gttctg atgggcggcc 540 

ttgagcacca cactgtaata ctagacctgg cctaaagaga atttctcatg tactattctc 600 

acctctggga aaattacctg aaacgataaa atatcctcat tttaagaaaa aaaaaatact 660 
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agaacctaac aaggaaaatt taaattcttt ttctttgtta atatgggtca aatttgtatc 720 

aaaatattgt aacagaaaaa tttcttgttt ctctgacagg aaaattaatg gaatagattt 780 

tcttttctag acttagctat ttctacactg gaagaaaact tgtatctcaa gactgtcttg 840 

ggaatacaat gtgtgtgaat agggactagt tacataaaat ttgggtttca catttctgat 900 

ctatacaata taaggattta caaagggaca ttttgaagac cattgacagg agtggtttac 960 

tttgtaatat aaattgacat ggagaggaag taaagatgag gataccacta aagctccago 1020 

tttggtaagc ctttgagtac tcatacagca aagaaatgat caaggatggt atgaggagag 1080 

ggctgtgaga cccagtatct agttccttgt aattctatgg gaaaaagaaa gcctctgaaa 1140 

tactttccag ataggaaaac agtttgcttt gtttctgttt ttgtcattta aaagatatac 1200 

tttcaaatct gtatccaaat ttgttacgta agtcaataat tgtaaatttc actgcaatca 1260 

tatgtttcct aaaagagttg ccttgaactt atggaactga accccatttt gctaatcact 1320 

tactccttgc agtctatttc ttatacaaat caatatcctt agagtataca tttttacacc 1380 

tactatttag ttctgtcatg ccgacagaat ggctaatggc tgtgtagaaa agacttgaca 1440 

taatagactgctatccatag acaggcctgt ttcccatata aacctgctgg tatctgataa 1500 

ggtggatttc tcactatttc ctaactgata agaatggtgg ctgtaagtaa ctgcttgtgc 1560 

aaactgcgga gtttctgtgc acctgctttc cttttggaga cttttggaag ttttgtgcct 1620 

gcgaagcaga gtgagtcaat gtaaccagtc ccagacaaaa tcttagtaat ggagtatgta 1680 

gagagcatct cttgtagaca acagttcaca tacattgaca aaatatgatt ccgggtaaag 1740 

tcagtgcatt ctgtgcaata tggtgggaga ggaatcacag gagcttacac tgtattcctt 1800 

catatttcct tccatgtggc tatttcctcg tgttaatttc tttttttgtt tgtttggttt 1860 

ttgttttgtt tttctgagat ggagtctcgc tttgtcgtcc aggctggagt gcagtggtgo 1920 

gacctcagct cactgcaagc tccgcctcct gggttcacgt cattctcctg ccccagcctc 1980 

cccagtagct gggactacag gcgcctgcca ccatgcccgg ctaatttttt ctatttttag 2040 

tagagatgga gttgttaacc aggatggcct tgatctcctg atctcatgat ccgcccagct 2100 

cggcctccca aagtgctggg attacaggtg tgagccgcca cgcctggcca ttccttgtgt 2160 

taattttacc atactaaaaa taattaagat tatatctata actataggtt gcatcctgtt 2220 

aatttttcca aaaaatgact gaacctgaaa ttgttttggg gacacttcca aactagtggt 2280 

caagcagtga tttttctggg actgcagaag ttcctgctgt gcccaacctt tattactaac 2340 

tgggaaagac ccagggagac tgggatgggc tcatgattct acatacagaa ctcatccaag 2400 

aaaggaggaa aagctgattt ttgtgaacgt cgctacttgt gcctgaacta actctcaggc 2460 

acattagtca gaaaatacta cctatggtta ctcccccagg ttcctaaaag taaagcttta 2520 

gaggccacca aattggcaat tgaagctggc ttccgccata ttgattctgc tcatttatac 2580 

aataatgagg agcaggttgg actggccatc cgaagcaaga ttgcagatgg cagtgtgaag 2640 

agagaagaca tattctacac ttcaaaggta ctgtgcctat gatgagcttg tgtgcacatg 2700 

tatttattgt gattgtgtgg aggtggcagt tctatgactg gatccatagt atagggtgaa 2760 

ttgtgcttat ttattad ttattcacac ttactcatgt attaaaacta ata caaagg 2820 

caggaagtga agatggcttt ctcatctttg cagtgttcca attcatgcct tcaaagtgcc 2880 

tttacttttt gagctcagca cagatcaata tggtttaaca tagactatag aatcagaaaa 2940 
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aatcctaatc atattatatt atttcttacc tcctgggtga gtttcttaca cttgttatga 3000 

ttctcagttt ccattattat gttgatcata gagagagaaa gcaatataag caagctctgt 3060 

gagtattaaa gaataacgcc tacattatct caaattgtgt ccagcccaag ttgacatatt 3120 

aaaaactctg tttgcttcct cagtttctaa accacaaaga tacttaatct tgcccattgg 3180 

gctgaataga tgaaataatt acactactaa catgagttgt aaaacttaccaaagataatt 3240 

cagataatgg gtatgcttat gatttgataa caacttttac cttttgagta atttcactct 3300 

ttcattcaat atatgtacta actatatatc caacatatta taaagttcat catgatatgg 3360 

cagaacaaaa ggcatcacaa gaagagagag aataattttg cctgtggtca ttagttttga 3420 

agtagtagaa aatgtctaaa tattaggtgg agcaaactag taaaattggc tcaagttttc 3480 

attacacaac ttcctttctc taacctctgc agctttggtg caattcccat cgaccagagt 3540 

tggtccgacc agccttggaa aggtcactga aaaatcttca attggattat gttgacctct 3600 

accttattca ttttccagtg tctgtaaagg taggcagctt gtgtgatcaa attaatttca 3660 

cttttgttct cagcataaat attgttttta tggatatttg aactaagcat tttcttagga 3720 

ggacataggg attataacat agaagaagaa tcctaaatct aactcctaat tcctttctat 3780 

gggatacatt ttgaatccat acttccgtga ttgcatgtct ataagaaaag aaagtgcaga 3840 

actctcaaag cctctgcctc aaaaacttga ggaaatgata gtcatctcct tgaaggcaca 3900 

aggtcttagt tatgattcct gatttcacct cttgggatgt tcacagacac agagtttcat 3960 

gaagctgtgg tgtccagaaa acctgctgca catagggtgc acaatgagtt tccatcttct 4020 

tgcctctttt taaggggcga gaactcagtc cgggagtgtc ttaaactaca gaccttcatg 4080 

ggaaaccttg ttgcttctgc ttcctctctt ttcacactgg aggttttatt tttgcttagc 4140 

catgaattct tgggtcattc ataacttttg tottaaggta ctgaaaacta gtcaggctag 4200 

ttaatgcaaa agggtatatt agatatgata atgggaaatc aaagccaggg ctacattaag 4260 

aatttgataa aaactctaaa aatatatcct ttctccaccc ttatctctgc tttattacaa 4320 

aaggettttt aagtatttgt tocaaccttt ttcgttggtg gcatttatgg ctttggagca 4380 

ctgtcaggcc catgttcatt accgtgagct cctgtgcatc tcctaatttc caaactagcc 4440 

ttgaaaacac ctccattgac catgattggt tcatggtect gtgcatggaa catcatatgt 4500 

tcagggagat aaagaactct gatagtggca cctgggtaaa aagtacaatc cattatatct 4560 

ggatatcaag atcttttgca gttgaagaga ggtattgcca cagagaaaat tataggagca 4620 

gaagaaagtc aatgaaagtc aatgatgaca ctccattagg aaccagaaag aggtatttat 4680 

ttatacatgt aatagttgta agagattaga gggagcctgt cacctgaaga cattccttat 4740 

accttcatat gtagtacact ctgtacatac cactctctgg agcactgcat cacctacctc 4800 

atggaggatt agtgtcctta aatgtacctc agagcatggc tatgtgtgga gaaattgact 4860 

tgtgacatca ctaaactgac tgcttctact tcagccaggt gaggaagtga tcccaaaaga 4920 

tgaaaatgga aaaatactat ttgacacagt ggatctctgt gecacatggg aggtgagtgt 4980 

ttggaggtga gagaacggat aagaaagatg aggtaggata catctgtttc ctatcttctt 5040 

agtacaagta tggaaa tgc accattggat caaaaactta ggaactttac aaaggtagtt 5100 

tttgtgagca gtgaggaaaa agaaatgaca ggcatacaaa agagagaagt ggaggagaag 5160 

aattgggggt aaggaggact gggatttatt tccttgcctt ttcactaatc tctccagttt 5220 
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cccaaggagg aaacagaaat acttactctt gcaatcacta tcttcttccc caattttctg 5280 

ttttattttt tcccttttaa gaaccacggc tagctagttt tattgtcata tctagacagt 5340 

tgttactttc acagttctgt gtcacattta tcttgatctt ccacacctca caattccttt 5400 

ttcccaggcc gtggagaagt gtaaagatge aggattggcc aagtccatcg gggtgtccaa 5460 

cttcaaccgc aggcagctgg agatgatcct caacaagcca gggctcaagt acaagcctgt 5520 

ctgcaaccag gtgagcaccc tcagcctcct ctcctttctg ttcttcatgc ccctctttct 5580 

gtcctattgc caagtatcca ttcatttagt cccacttatc tttgtaaaag agaagattct 5640 

agagagcaaa gactctgtct cgaagggcat agagggatct tacttgtacc cggcttagaa 5700 

aagtcttaga aaaggtgttg taactttgat gotgaattgt gtgttatatt tatgggaggt 5760 

caattcaatc aaggaggcca aggattgtca attagactca gggaaaggtg gacttacccc 5820 

taagctatga aagatgacca gagaatggat gggtgaaggt gatttggagg gaactgtgca 5880 

tagatatgaa gccgtgaaga gatggaatga acagtacata aggagagagt gagagcaaga 5940 

gaagagaaat actagggatt cacatgggct tcggatgtct cagtgcctct tggtgtctct 6000 

gctttcacac ttcttgacca agggcataga tacactaaaa attatctgca gacaatgaag 6060 

gtcatccatg gtagaaagag aaaataacct gtttatggga gatatctgtt cacagtggat 6120 

gaaatccaca ctgaggaagg ttcagcagaa catggagctg acctatgact gcccccgctc 6180 

ctagttggct gctcttcttt ggagtctgtc atgcaatcag ctgcttaaac acatctatto 6240 

tctatgtgtt ccttttgtag cctagagata attccatctt ttccttgagt cctgactggt 6300 

gattccaggc ctccttgato aaattgactg tccccaaatg ttacacacat ttcagcatta 6360 

aagttactac acttttccca gtaaattaca tttttttgtt ttattttatg ttttaaaact 6420 

tagagtcaat cagtgaagat ctacagtgga aatacatatg tataaaatta gtgaatttgg 6480 

tataatgata cggtgctgtg ataatttaat aaaagcattg agaaattaat gtggttttaa 6540 

tactagtagt tccccaattt tttaatatgg ccattttcac actttccaaa aatttgataa 6600 

aaataatact ggagacccat gttaccattt atattcaaaa ttactaacat tttgcaatgt 6660 

tatatggagt atatctgcat aaatacatat aatgtttcta gaacctcttc aaggtaaatt 6720 

gtaaagatga caattgaccc ctagagacct ctcaaagcat gtcacaggaa tgaagatatt 6780 

ctcccagttc cagtgtcatt actgtatcta agaacatcat ctatagtgcc ctcatgtcat 6840 

ttggtatcca gtccatattt gaatttttcc ttgcttaatc aaaatatctt ttgtagctct 6900 

tcttttttta accagaatto aattgttttt atattgttgt attttgatat cagttaactt 6960 

gtttttccca gttgttgaag gtttctgtaa attagaagtt agatgagagt gttttattac 7020 

attgacttaa acctttgggg caagaaaata tttttatcat gctgtgtttt tcaaattgca 7080 

ccacactaga ctgcatacaa tcacagaatg ccccactagt ggtgaaggta gttttaaaaa 7140 

cttggttaag ctccaacaat gatagactgg attaagaaaa tgtggcacat atacaccatg 7200 

gaatactatg cagccataaa aaatgatgag ttcatatcct ttgtagggac atggatgaaa 7260 

ctggaaatca tcattgtcag taaactatcg caagaacaaa aaaccaaaca ccgcatattc 7320 

tcactcatag gtgggaattg aaca tgaga tcacatggat acaggaaggg gaa tcaca 7380 

ctctggggac tgttgtgggg tggggggagg ggggagggat agcactggga gatataccta 7440 

atgctagatg acgagttagt aggtgcagcg taccaacatg cacatgtat acatatgtaa 7500 
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ctaacctgca caatgtgcac atgtaccctc gaacttaaag tataataaaa aaaaaaaaac 7560 

ttggttaagc taacagtggt cagatctgtt gtttttaact catgttttct ctttaacaat 7620 

tactagtaat ctgctggggg ataattctca acagaagaag tcatattccc atgacaaatt 7680 

ttcacatatg attgagtata catcagtgat ttgaactttt ttctactgca tttctgtttt 7740 

cttctttgtt atttcttatt tgttatttcc ttggggtttt tacataatca tttacaattt 7800 

taaccacttg tttaactatt cttacctgac atttaattaa aaatgatttc tcaccaagta 7860 

aaaataataa actactattc ctctaagtga gggtaaaggt gaacttcttc cttcaattag 7920 

caatgtactg tgaacgtaat tactgtaatg accaccatca gagtagacaa agattgttgt 7980 

tctttttctc attgtcgcac taattactac agactcacgg attcttgtgt tatgattttt 8040 

aatttatttt actcattttt taatgctcac atctactcag catatatata ttatatatat 8100 

atatatataa aatatatatg aaagaagaat gtgatcaaag actcatgagg gcaagtgtaa 8160 

aagacaaaag cacttgtttc atagggaacc cactggtgac atttgagata tcaacataca 8220 

aatccatcat acaaaaagga aaagtaatga aagactgtga aaattatcag tatttatgtg 8280 

tgtatgtata ttttctagtt catctatata gatatatatc atagatggca tatatgatat 8340 

atatattata tgtcagatca attagaaaac atacatatac atgtatgcat ttttggtatt 8400 

aattaggaaa ctagttcttt tgtctttcag acctgccctc atgagtcttt gaccaaattc 8460 

ttgatttctg gcacgatttg atgcccaagg ctcaaagaat cttacctcat cccagctctg 8520 

aaattggccg tgtctcgttc tagtggtcgg agttattgag aaaccaggat agggttcatg 8580 

gagttgcttg tgctcagaaa tagcatttct attttcttag gagagagggg cataaaattt 8640 

atttttatga aaaagatcat ttttgacaat aatattctca gttcaaattt aatgctctac 8700 

attattcagc ttcttttact ttggtgattt taatattagt gtaacttttg gattatctga 8760 

tgcttttcca tcttgctcgt ctgcaggtgg aatgtcatcc ttacttcaac cagagaaaac 8820 

tgctggattt ctgcaagtca aaagacattg ttctggttgc ctatagtgct ctgggatccc 8880 

accgagaaga accatggtaa taagagatac aggaagttta cctaaaacac cggtttgata 8940 

aaaaaaattt aatcagatca tgctgtttcc tggagttcac tcacagctga cttggggtga 9000 

gggaagaatt tgcatttctg acgagatccc aggtgatgtt gaggctgctg ttcgggggcc 9060 

tcgcttgaga agctccggtg cagagtggac gccttagtct gtttagggag ccgcctaaca 9120 

aactgtatcc ccagcctcag ggcctcagcc tttctgcctt tccttccagg gtggacccga 9180 

actccccggt gotcttggag gacccagtcc tttgtgcctt ggcaaaaaag cacaagcgaa 9240 

ccccagccct gattgccctg cgctaccagc tacagcgtgg ggttgtggtc ctggccaaga 9300 

gctacaatga gcagcgcatc agacagaacg tgcaggtgag gagcggggct gtgggcctca 9360 

ggtctcctgc acagtgtcct tcacacgtgt gottcttgta aggctctcag gacagccttg 9420 

ggccagctcc atttccctgt atttcctatg catgaactct ttgtgtacgt cataagggtt 9480 

tcttctacto tagcacagga gaggcaacag aggtggagag aaataggatg ggatcaaaac 9540 

tacagatttg ggttagcgtt aagtcagtga tatccatatc cctctgctgg ggccatgtcc 9600 

ttttctttat tttttataat gaag ttga ttagatgttc tttagtctcc aactcatggo 9660 

ggatttttct tcttgtatgt ttatgtagta taaattcctt atatttattc tcttagaatt 9720 

ttatctttgc gaagtgcttg tttaactctg cctttttttttttggcgagg tggttgtgtg 9780 
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tctttatttt tatgtgtagg agaccatatt tataccaata ccttaggata taagacaaac 9840 

ccacttaata tagaggetta atgcaaaagc atttattgag ctcaaggttc catggttaga 9900 

aaattagcct gggctcagcc taaactcagt ccattccttc tgttcctggc tgggctctca 9960 

tgtgtgttca gggcagtgag gcagctctgc ttcaggatgt ccctggggca tctgtgtgag 10020 

cgcccccctc tcccatgcag ttctttatcc tccagccatc cagcccaggg ttcacctcag 10080 

cacagggcat gaccccaagg cagtgagtgg acatgtgcaa agccttttca ggtctaggct 10140 

cagagctgcc aaccattgct tctgggaaat tctatcacct aatgcaagtt acaggacagg 10200 

tcagactcaa ggggtgggga aaaagacacc acctcttgtt ggaaggagct ggaaattcat 10260 

ataaccaagc aagtggatac agggacatgt gattgttaga gggcatgttc ctaattaatc 10320 

tatcatttat acgatatgtg tgaaataaca tattaatagt tatatgtatg aatatgaata 10380 

tatataaatt gatatactat ttcatatatt cttaagaata catccaagtc totaaagaat 10440 

taatatccag aatacatgca tatatatgtt ttctaattag ttatatacag atatatgaaa 10500 

tatcatatat gatatatatt ataaaaccta tgtcacatat atgacatata tcatgtatat 10560 

gtatatgtgt cactatttgc taaaacatta agtaaaatca gtgtagaaat ccataggata 10620 

ctctgaaata atgatacaga gaatgagaaa gaaagtaaaa aatgacaatg aaacaattga 10680 

tgaatctagg taatggcatt tactatatta ttttaaaaat atttttagac attagaaaac 10740 

ccacaaaact aaaaggaaat attatgaaat aactgtggaa attatcagta tttatacata 10800 

tgtgtatgtt ctctaattca tctagtatat atagatatat gacatatgtg ttatataata 10860 

tatatgttag attaactaga aaccatacat atatatgtat ttattctgga tattaattct 10920 

ttagagactt aaatgtattc ttgaaataac atctcccaaa ttttacctgt gttgtcatat 10980 

tctctgtggt tatgttttca caaacaaaag tttctatcct tcatgtagac taatttttca 11040 

tgcctctttc ttgtggttgg tgagtgttgt gtcttatcct atattgggaa tatcacaata 11100 

tattactgtg ttatcttaca aaattgttaa tattctttcc ttataaattt ggttaattct 11160 

aatgggattg actttttaaa tactgtatga gataaggatc caaatatgca tatctaattt 11220 

ttgaattttt agcaaaattt cccaccaaca tttattgaaa agttcatatt tgctcacata 11280 

acttgatttt tttacctgta acatatatga aatgtccatg agcaattatc tggcctctct 11340 

tccatcttca gttaacttat ttacttttct gtactatgat gttaaaaagt aagtttcact 11400 

tccagtatgg tacaaatatt tttctaactt cttcatttat ttaataatat cttagctatt 11460 

cttgactaat gtgttattta aaactttgaa tcatcttatt aacttccaca agcaaataaa 11520 

tgtttagtct cttgttgaca ttgtaataag cctccagato aatgtggaga gaactaaatg 11580 

tttgacaata ttgagatttc caatgcatga tcataatatg aatttcccac ttattaatag 11640 

ccttttaata aatatataat taatttcata actttctctg ttactgatga ttttaatagt 11700 

ttttgataac ttttcatttt tgttttatgg attttctaat atatagaaat attaaaagaa 11760 

taatgcaaca aatcttctta cctacattca tcaagtgtta cattgctgtc attttttact 11820 

ctctttctct cattttctgt attactcctt cagtttccct atggatttat acacttattt 11880 

gattgaatgt at ??? gtgacatctt tttg attt gagtctcccaaatttacat 11940 

agtgagagta cccacacctt ttgaatgtga aatcgttagt atttagacaa ttattggett 12000 

gagtgatgtt gaaaactaat ttttcctatt atacctgttc attggagaga tagatattca 12060 
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atgttattca tcaaacctac taaattatgc tagacattac aaaatttgcc tctagattct 12120 

tgtgggtctt ctaggtacat gaccctatca tgtgggcaca aagtaagctc tgtttcttct 12180 

tcagcttcct ctgagatatt ctcttcatct gcagtgttgt gcagtttcaa aatattttat 12240 

ctgggaatgg atttctgctt atttttgact ggttttcatt gaccacttgg gtgtttagag 12300 

aggtctttca taaattttgg aaacgtatca atcttttaag tattgtctct gcaccctact 12360 

gtctgatgaa cttggttgtt cccaattggc aatgatgtaa tctaaaaata attaaagttt 12420 

totattactt tgataggtgt ttgaattcca gttgacttca gaggagatga aagccataga 12480 

tggcctaaac agaaatgtgc gatatttgac ccttgatatg taagtaattt tggagatggt 12540 

tgtcctaatt tattttcaga ggaggaacgt aggatgggtg ttgagagtga cctccacacc 12600 

aggggcacag aggccaacgt gagacagagg tgagacagga gotttctgga agtctcctcc 12660 

tggattcact ccagagctct gttctctggc agggagagtg gcctggggtc agcatgggtc 12720 

aacctgtgcc tctgctctcg tgactccaag gaactttcca gagcagccaa gatcattgct 12780 

gaatctgcac cttccatgta ggcctgctgt ttgtgctact gtctagtgta cacactgtgg 12840 

atattgccca tgtggtcgca ttagatgttt ccaaatctgt gcttctatct tgttcttccc 12900 

aacctgctca atgtcttacc agatcaaagg cagttccgtc aatcttgtgg gccaggttcc 12960 

aattcccacc tctttcacat ggaattgctt gctggatcct gtcgatttag catttttaat 13020 

catttcaaac ctttttcgtg cctgtctttg catgtttgcc catgagccaa acactgcatt 13080 

tgcctccaga aagtctgtct tagtgaagcg aataggagca cttggccttg gtgttctgca 13140 

atatggagat ctcagtgcag agaatgaaga aatgttaaaa tcaaatgcag agtgtagatg 13200 

caaaagcacc attgttggag ataatttata accaataaca gaagtttact attcctctgt 13260 

gttctaaggt tctaggattc atagaaggtc attcatataa tgagggaaaa aagaagttat 13320 

gtaactgctg gcagtaggga tttcaacaag taatagagat gatgagataa tgtgtgaaaa 13380 

aaacaagcac aatggtacat cataagtacccaaaatttgg tggatattat tagtagtatt 13440 

ttattcattt agaggaaaat acaaaatgaa aacggagatg ataaaaagaa aaggaaaagt 13500 

ggcaagcatt agaaagtttt aaaaccaatt aatgtttttg gggatcatga aatcaatcac 13560 

tagtgttatt ttgtagaact caaatatggt ctggagtaaa ccacttgcga gottccaagt 13620 

gtttgctctt ggtgtaatca aaaaggatag gctcaattcc ctaattaata agttgtaatt 13680 

gtacatgtga gcagtcattt atctgtgtct ttacattttg tgttatttct gcctataaaa 13740 

tggtttatac attgtagctc tttggatatt ggaccctata tcaaaaacaa caatttacat 13800 

ttctgaatct aaccaactat gttgcatatg ataggcaggt agtaatatgt aaagtaatta 13860 

agtataattg ctaccagtat aatcatcaca ctcaaaattg tttattagtg atgagcatat 13920 

gtcttgotta ttcctcttca atgtaaggca gtatagttcc atttttactg agaatttgaa 13980 

atagaaaagg t?agtatatc tctttgctct gttgacagat gtagagaaat atgtttgaac 14040 

atttcacttt gtgtgtttta tgtgttaagt tccaggcagg ggaat agaat taaattatto 14100 

tttattttga aaatacagat atgataaagt cacattcatt aaacaaagaa acacagatto 14160 

cagagcagtc aga gaa cttcttaaca tctacact cggcagcttcctagaaatca 14220 

ctgcactacc cgctagtaac ggagtcattg ccattcagag tgtgcatttt tttttctctt 14280 

tccagttttg ctggcccccc taattatcca ttttctgatg aatattaaca tggagggcat 14340 
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tgcatgaggt ctgccagaag gccctgcgtg tggatggtga cacagaggat ggctctatge 14400 

tggtgactgg acacatcgcc tctggttaaa tctctcctgc ttggtgattt cagcaagcta 14460 

cagcaaagcc cattggccag aaaggaaaga caataatttt gttttttcat tttgaaaaaa 14520 

ttaaatgctc tctcctaaag attcttcacc tactttggtc tccataactt ctatgttttc 14580 

tttccttctg acacactagt gcccctaaat tgtgatttgc ctatacgttt agggccgggg 14640 

ttggaagatg ttaacaacca tttaagattc atttctgcag tgggagtggg tggagtttca 14700 

ccctctggga aaggggcagg tgacaggtat ttatcagtca gtgcctctct agctcttgta 14760 

ggaagaagca cacgcaggat ggagtctaga ggatgagcga tattgactag caattcatgg 14820 

gotccctcca gcagtgcgag ggtcagagtt tctggagcct tgggaggagg catccctgtg 14880 

agggggggtt agggagatgg gagggcacca ggaaaagtga ttagaagtca ggtatgggaa 14940 

ggotaaatag gacagagtcg agtacatctc tgcttggaaa aacatatcaa cacccttttt 15000 

tttgaacatt atatcttgct cataaaagaa aactttccac attgttttaa caaaccccac 15060 

agctgagagt caggcctgaa tctttgatgt gtgcccattc acaacgttga ccctattggt 15120 

ttgtggtggg gcagggcatc aaagacatca ttgactaatc acattcccct gaatagctca 15180 

tatttagaaa atattcttag attctaaaaa tgtactatta atttgtgata ttcagtcttt 15240 

taaatatttt atacattaaa caggcatagt tacaaatata aaacaaaaat atcccaaagc 15300 

cattatgcat ggcactcaag attaaaatgg gaaataatac atctaataaa tcaaatgtto 15360 

caagacttca aaggtctttt ggaaacaggc tatgtaaaac agcacactgg tttcaaactt 15420 

tggtaaattt taagaacaac tcttacaaag gcatttaatt cttatacata attttcaggg 15480 

gacctaagtt aatcagctaa tcatgaagac atgattttca ttttagaaaa cacttttgaa 15540 

aacttgggat aatctcatgc cttaatgato aaagcattat gagaaggaca gtggttttta 15600 

acctgggcat atgttctaac acatttactc tocactattc gtactctggt agccatgtta 15660 

accccatcag agattccttc tcaagccatg tctcagagct gagaggcatc ccagcaagtt 15720 

ttgcagctca cagttttttc cgtaaattac ttattctata aaattggagt aggccataaa 15780 

ctttggaggg ccctagacca attttttgga ttatttttcg tcttctatca ttccgctgat 15840 

cttagatatt ctctgcatta aatattaaat atcacttcta ggctgaaaaa tccccctaaa 15900 

aatatttcta gctcagattt ttcctccaaa ttctgcaata gaagatcaca atgtgaactc 15960 

tgcatctcca tgttaaagtc taatggacat tcacacttag catgtctcaa agaaatctca 16020 

tgtaaaccat ggccatcctg ttctacctta actttctgag tctatggaat gataatttca 16080 

catctcataa acttgactga tgtaagtgtc aagaaaagat tgacattttg ttaaaagtta 16140 

gtagtgaagt gtgtaacgct taagcaaact ttcatatttc aaatctcttt agcaagtgta 16200 

actctttttt caagatgtga aataatcatt aggtcagtca tttgtaaata gtacatctgc 16260 

tatggacttt ttccagttct tcaccatcca tttttataaa actcttattg ttaaaaaaaa 16320 

agttactcag aatttcataa agccaaacac ctgatttcag gaacacttga gatgtaagaa 16380 

aattttatag ggacctccaa tcactaattt tcctattttt tctctcaaag aaatgctgaa 16440 

gggaggaatt caggt aaaggaaat agtaacttac ago atatag gttataaag 16500 

acttcttgta aatgtgaaca tatggtaaaa tataaaaaca tgtatttttg aaattttgga 16560 

ttctactcat tattttactt caatttaaga tataaatgta tagaaataag tataattcta 16620 
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agctaatacg tatgcaatgt aggaagctgt aattactgac caaaactatg tgaagtggag 16680 

aaaacctggg gaagtggatg gttttagatg aaactgaagt taaattcata ttgatttaaa 16740 

gtaaattgtt ataactttat aaagtttttc atcatcacca cagcaatcac aaagagaata 16800 

attatgaata tacgcaagag gaaatgagaa gggaatccaa atgtcattaa aaaaaaatca 16860 

cgccacctca caaaatggta acagtggata taaaggatag aaagctataa acctggtagg 16920 

aaaacattga aaatggcaca agtgactcct tccctgtcac caatgacagt catgtgttgc 16980 

ataatgcctg ggctatcttc tgagaatggc tttgttaggc aactgtgtca tggtggggac 17040 

atgatagcat tagagagaat tctctcaaac actgtcatgg ccttatcaac tatgcttctg 17100 

taatattctg aatccttcgc tgcctttcca acagtgttta caacggtttc ctaagaaatg 17160 

aaatccattt caccaaacca cttttcttgc tcatccataa gaaacacttc tcctttgtta 17220 

aaattacatc atgagattgc aagcattcag taacttgcaa gctccaattt gaattctagt 17280 

tgtcttgcta tttccaccac atctgcaatt actttctcca ctgaaatctt gcattcctcc 17340 

aagtcatcca ggagggttga attcacttct ttcaaactcc tgttcaagta aatgttttgc 17400 

cctcctgtca cgaatcatga atgtttttaa tggcatctag aatagtaaat ctttttcaga 17460 

agattttcaa ttttcttttc ccaggttctt cagacaagtc accatggtag ctgtagactt 17520 

atgaaatgta tttcctgaac cataaaacaa gaacatcaaa attactctat gatccatggg 17580 

aaacagaatg catgttgtgt tagcaggcat ggaaagaaca gtaatctctt tcaacctctg 17640 

taagagagtt cttggttgat taggtacctt gtcgataggc agttctaatt tcaaagaact 17700 

ttttcttttg ctgagcagta agtcttaaca gtgggcttaa aatattcagt aaaccattat 17760 

ttaaggagat gtggcttaaa tatctaggct ttcttgcttt atttatagaa cacttacaga 17820 

gtagatatag attaaatctt aaggacccta ggattgttag aatagtaaat gaacatcata 17880 

tgttgtaata tagttagcca gggaggggaa agatctctac aagaaataat tttaaaaact 17940 

actcaaagaa atcagagata tcacaaaatg acaaaacaag tacaggggca gcaaaaggta 18000 

acagatgtca actatgagat ctcatcaaga actaagaaaa tggagaaaag taccagatgg 18060 

cagatgggag gcagtgtgag catgcctctc ccacttggag attagtgtgt agagatttac 18120 

attgtgaatt tcttttcaag aaccaatgca gagacttaac agatatatga aaaaatttca 18180 

catacactct gaagaagtct caggcacaat cctactccat gaaataagaa aaaaccatca 18240 

catccccaga ttctgagggg agagagttca ctccagagca tacatcccca ctggggatct 18300 

ggaaattcag gccacaagag aaggctttga tcctgtgcgg acaagtgcct tgagcagaat 18360 

ccacagggga gagctggaag tgcatggcag atatgagcac agaagctggg tgtccagcct 18420 

tgtgggcaga ccgggaggga tgtggcctga aagccatggt tattatctca gcgtgtaagc 18480 

tgatgatctg aggctggtca gagttctgtg cgcagactgc ctggatgtaa acctggcact 18540 

gttagcagag cactgcatga atgaaaggaa tgaaaatagc cttgccaact gcataggtgc 18600 

tgggtgaggc tcactgtggg gggcgcacgg caagctattc aacattacgt acaggcattt 18660 

gaggtcgggg catggaaaaa tactgaggca gtgtgtgtat gttatttgtg ctgagaatga 18720 

aactccttga cct laac aggacaggga gtggtgtgtg tgctgtgata agg gctg 18780 

aaaacggtct cctgagaatg cggtttgagt gottttacaa ggccacaggt gtctcacgac 18840 

ctgacctcat aaagccatct agtggatgtt tgtggcttaa caagcccctt caataagtac 18900 
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- continued 

ttggcggagg gatgctgggg ggaccttctt agaagagctg cgccccaccc ccctccctgg 18960 

acagcccagc tacaattgtc tgagaactca ctgcaagctg taagcggccc actacttccc 19020 

actccctttt ttgaactctt ctgtgcagca gaggcaatta aactctcctc tggaacatta 19080 

ccccagcagc ctgagaacca ccccttggcg ctcacagggg ctgcagcctg ccttatccaa 19140 

ggacagttag agtgcagacc cacctaaccc tggacccact ggtggtaccc atccacccat 19200 

cctggtagct taacacaaag atacactttt aggagcttca tagcccctct tcccccattg 19260 

cctgagaaac cactttccct gggcaactta gggcaagctc aaatcccact getaccacca 19320 

cagctggtgc tcttttgcaa gtgccacctc ctagctggag accaaccagc acagtccaca 19380 

cagcacctca aggaagaata aatagaactg ttcccaggaa ggagaaaatg cctgcatgag 19440 

ctcagctgtt accactgcgt accacaccct gaccagtcag aggtcttgag tcggtccgca 19500 

tgacaagttc accgctcgca taaccagcat tcaagaaagc cagcacacta agcctatcta 19560 

cagccaggga gtctcagagt ctacgtcact cccctgccac ctcaatcaga gctggtgctg 19620 

gtatccactg ctgggagact tgtgctgagg tgaagcctgg gctggatggc tggaggatga 19680 

agaactgcac ggaggagatg gaggcaccca gacagatgcc ccatggacat cctgaagcag 19740 

agctgcctca ctgccctgca cacacatgag agcgcagcca ggaacagaag gactgggcaa 19800 

cattcaggcg gagcccaggc caattttcta aacatggaat atgagttaaa taaatggctt 19860 

cgtattaaa 19869 

< 210 > SEQ ID NO 6 
< 211 > LENGTH : 323 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Homo sapiens 

< 400 > SEQUENCE : 6 

Met Asp Ser Lys Tyr Gin Cys Val Lys Leu Asn Asp Gly His Phe Met 
1 5 10 15 

Pro Val Leu Gly Phe Gly Thr Tyr Ala Pro Ala Glu Val Pro Lys Ser 
20 25 30 

Lys Ala Leu Glu Ala Thr Lys Leu Ala Ile Glu Ala Gly Phe Arg His 
35 40 45 

Ile Asp Ser Ala His Leu Tyr Asn Asn Glu Glu Gin Val Gly Leu Ala 
50 55 60 

Ile Arg Ser Lys Ile Ala Asp Gly Ser Val Lys Arg Glu Asp Ile Phe 
65 70 75 80 

Tyr Thr Ser Lys Leu Trp Cys Asn Ser His Arg Pro Glu Leu Val Arg 
85 90 95 

Pro Ala Leulu Arg Ser Leu Lys Asn Leu in Leu Asp Tyr Val Asp 
100 105 110 

Leu Tyr Leu Ile His Phe Pro Val Ser Val Lys Pro Gly Glu Glu Val 
115 120 125 

Ile Pro Lys Asp Glu Asn Gly Lys Ile Leu Phe Asp Thr Val Asp Leu 
130 135 140 

Cys Ala Thr Trp Glu Ala Val Glu Lys Cys Lys Asp Ala Gly Leu Ala 
145 150 155 160 

Lys Ser Ile Gly Val Ser Asn Phe Asn Arg Arg Gin Leu Glu Met Ile 
165 170 175 
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- continued 

Leu Asn Lys Pro Gly Leu Lys Tyr Lys Pro Val Cys Asn Gin Val Glu 
180 185 190 

Cys His Pro Tyr Phe Asn Gin Arg Lys Leu Leu Asp Phe Cys Lys Ser 
195 200 205 

Lys Asp Ile Val Leu Val Ala Tyr Ser Ala Leu Gly Ser His Arg Glu 
210 215 220 

Glu Pro Trp Val Asp Pro Asn Ser Pro Val Leu Leu Glu Asp Pro Val 
225 230 235 240 

Leu Cys Ala Leu Ala Lys Lys His Lys Arg Thr Pro Ala Leu Ile Ala 
245 250 255 

Leu Arg Tyr Gin Leu Gin Arg Gly Val Val Val Leu Ala Lys Ser Tyr 
260 265 270 

Asn Glu Gin Arg Ile Arg Gln Asn Val Gin Val Phe Glu Phe Gln Leu 
275 280 285 

Thr Ser Glu Glu Met Lys Ala Ile Asp Gly Leu Asn Arg Asn Val Arg 
290 295 300 

Tyr Leu Thr Leu Asp Leu Phe Ala Gly Pro Pro Asn Tyr Pro Phe Ser 
305 310 315 320 

Asp Glu Tyr 

1. Method for the diagnosis of lipedema and / or for the 
individuation of treatments thereof with molecules capable 
of modulating the activity of AKR1C1 comprising at least 
one of the following steps : 

( i ) detecting step to identify rare and polymorphic variants 
in the sequence of AKR1C1 gene , copy number vari 
ants ( CNV ) , complex rearrangements and epigenetic 
modifications ; 

( ii ) detecting step to quantify mRNA encoding an 
AKR1C1 isoform or to verify the presence of mRNA 
encoding an AKR1C polypeptide or fragment thereof ; 

( iii ) detecting an increment or reduction of AKR1C1 
enzymatic substrate or product or metabolites , in a 
biological sample of a lipedema patient compared to 
controls ; 

( iv ) identifying natural and synthetic molecules capable of 
modulating AKR1C1 with possible therapeutic effect 
on lipedema . 

2. Method for the diagnosis of lipedema and / or for the 
individuation of treatments thereof according to claim 1 
wherein the variants of step ( i ) are detected from gDNA , in 
particular by single nucleotide polymorphism ( SNP ) analy 
sis for detecting differences between alleles of AKR1C1 
genes , that reside within a region of human chromosome 10 , 
or detected through NGS or Sanger technologies . 

3. Method for the diagnosis of lipedema and / or for the 
individuation of treatments thereof according to claim 1 
wherein the mRNA of step ( ii ) or the enzymatic substrate or 
product or metabolite of step ( iii ) is detected in in a 
biological sample . 

4. Method for the diagnosis of lipedema and / or for the 
individuation of treatments thereof according to claim 3 
wherein the biological sample is blood , urine and / or adipose 
tissue specimens . 

5. Method for the diagnosis of lipedema and / or for the 
individuation of treatments thereof according to claim 1 

wherein the enzymatic substrate or product or metabolite of 
step ( iii ) is a steroid derivative or a prostaglandin . 

6. Method for the diagnosis of lipedema and / or for the 
individuation of treatments thereof according to claim 3 
wherein the biological sample of step ( iii ) is screened with 
an antibody that specifically binds to the AKR1C1 enzy 
matic substrate or product or metabolite or the biological 
sample is treated or converted by AKR1C1 enzyme . 

7. Method for the diagnosis of lipedema and / or for the 
individuation of treatments thereof according to claim 1 
wherein the variants of step ( i ) are selected from known 
loss - of - function ( LoF ) SNPs selected from the group con 
sisting of c.84 + 1G > T , c.64C > T , c.90 + 2T > G , c.100delG , 
c.134del , c.172G > T , c.81-1G > T , c.81-1G > A , c.81-1G > C , 
c.196C > T , c.252 + 2T > C , c.258G > A , c.271C > T , c.286C > T , 
c.369 + 2T > C , c.394del , c.394_397dupGATG , c.403G > T , 
c.448-1G > A , c.514C > T , c.570 + 1G > A , c.615G > A , 
c.649dupA , c.667C > T , c.680 + 1G > A , c.680 + 1G > C , c.680 + 
2T > C , c.681-1G > A , c.681G > A , c.698delc , c.741 delt , 
c.748C > T , c.846 + 1G > A , c.846 + 1G > T , c.910C > T , c.929 + 
1G > A , c.945delT , c.962delA , c.969T > G or selected from 
c.160T > G , c.162A > T , c.911G > T , c.381A > T , c.664_665del 
CAinsAT , 0.664_665delCAinsTC , c.919_920delACinsGT , 
c.925_926delGAinsCT ( p.Asp309Leu ) , c.914A > T , 
c.638T > A , c.22G > C , c.22G > T , c.32A > G , c.5G > A , 
c.82A > G , c.97A > G , c.104T > C , c.139C > A , c.163T > C , 
c.168T > A , c.184G > A , c.272G > T , c.274C > A , c.290C > G , 
c.298G > C , c.338T > C , c.355C > A , c.392A > T , c.394G > T , 
c.566A > G , c.584A > G , c.607C > A , c.607C > G , c.575A > C , 
c.616T > G , c.698C > T , c.715C > A , c.755C > G , c.764T > C , 
c.773G > T , c.787C > G , c.788G > C , c.788G > T , c.797T > C , 
c.962A > G . 

8. Method for the diagnosis of lipedema and / or for the 
individuation of treatments thereof according to claim 1 
wherein the variants of step ( i ) are selected from the group 
consisting of : c.8400 > A ( p.Asn280Lys ) , c.327T > A 
( p.Asp109Glu ) , c.928A > C ( p.Ile310Leu ) . 
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9. Method for the diagnosis of lipedema and / or for the 
individuation of treatments thereof according to claim 1 
wherein the variants of step ( i ) are selected from c.160T > G 
( p.Leu54Val ) , c.638T > A ( p.Leu213Gln ) , and c.162A > T 
( p.Leu54Phe ) . 

10. Method for the diagnosis of lipedema and / or for the 
individuation of treatments thereof according to claim 1 
wherein the SNPs are selected on the basis of the following 
criteria : only missense variants ; absent in homozygous state ; 
frequency below 0.1 % . 

11. Method for the diagnosis of lipedema and / or for the 
individuation of treatments thereof according to claim 10 
wherein the selected variants are studied by functional 
modelling to verify their impact in terms of binding affinity 
to certain pharmaceutically active compounds . 

12. Method for the diagnosis of lipedema and / or for the 
individuation of treatments thereof according to claim 1 
wherein the enzymatic substrate or product in step ( iii ) is 
selected among 20c - hydroxysteroid dehydrogenase ( 200 
HSD ) ; PGF2a and its derivatives , in particular by measure 
ment of 15 - keto - 13,14 - dihydro - PGF2a , the major metabo 
lite of PGF2a in plasma ; or isoprostane 8 - iso - Prostaglandin 
F2a ( 8 - iso - PGF2a ) . 

13. Method for the diagnosis of lipedema according to 
claim 1 wherein in step ( iii ) the levels of at least one of the 
following metabolites 30 - Hydroxy - 5a - pregnan - 20 - one , 
3a - Hydroxy - 5B - pregnan - 20 - one , 3B - Hydroxy - 5a - pregnan 
20 - one , 3B - Hydroxy - 58 - pregnan - 20 - one , 5a - Pregnane - 3 , 
20 - dione , 5B - Pregnane - 3,20 - dione , Pregn - 4 - ene - 3,20 - dione , 
20a - Hydroxy - pregn - 4 - ene - 3 - one , 5a - Pregnane - 3a , 20a 
diol , 5B - Pregnane - 3a , 20a - diol , 5a - Androstan - 17ß - ol - 3 
one , 5a - androstane - 3a , 17B - diol , 21 - hydroxy - 5a - pregnan 
20 - one , 30,21 - dihydroxy - a - pregnan - 20 - one , 
Pregnanetriol / 17 - hydroxypregnanolone , 15 - keto - 13,14 - di 
hydro - PGF2a , in particular 8 - iso - Prostaglandin F2a pro 
gesterone and / or 5alpha - dihydrotestosterone is determined 
in a body fluid . 

14. Method for the diagnosis of lipedema according to 
claim 1 wherein in step ( iii ) the ratio ( androstanedioll - 5x 
20B - DH - cortisone ) ( 20B - DH - cortisone + [ cortisolxlog ( est 
riol ) ] in a body fluid is determined . 

15. A method of treating and / or preventing of human 
lipedema in a subject , the method comprising administering 
or applying to a subject in need thereof a therapeutically 
effective amount of a compound of natural or synthetic 
origin , preferably contained in a food supplement , cream or 
ointment , suitable for modulating the activity of AKR1C1 or 
of prostaglandins . 

16. The method according to claim 15 wherein the com 
pound is an inhibitor of AKR1C1 or modulates the catalytic 
activity of the AKR1C1 enzyme , and comprises at least one 
the compounds indicated in table 6 , in particular benzodi 
azepines , such as medazepam , derivatives of pyrimidine , 
phthalimide and anthranilic acid , competitive inhibitors with 
a core structure of steroid carboxylate and flavones , and 

liquiritin or at least one of the compounds indicated in table 
8 , preferably flavanone , flavone , 3 - hydroxyflavone , 5 - hy 
droxyflavone , equilin , diazepam , 20a - hydroxydydrogester 
one , coumarin , glycyrrhetinic acid , 7 - hydroxyflavone and 
3,7 - dihydroxyflavone . 

17. The method according to claim 15 wherein the com 
pound is suitable for modulating prostaglandins and com 
prises at least one of the compounds selected from acteoside , 
amentoflavone , chlorella , green tea , hinokiflavone , querce 
tin - 3 - O - rutinoside , ricinoleic acid , sennosides , viprostol , latanoprost , isopropyl unoprostone , bimatoprost . 

18. The method according to claim 15 wherein the step of 
administering or applying to a subject in need thereof a 
therapeutically effective amount of a compound of natural or 
synthetic origin is preceded by a step for the diagnosis of 
lipedema that confirmed the tested person is affected by 
lipedema , said step for the diagnosis of lipedema comprising 
at least one of the following steps : 

( i ) detecting step to identify rare and polymorphic variants 
in the sequence of AKR1C1 gene , copy number vari 
ants ( CNV ) , complex rearrangements and epigenetic 
modifications ; 

( ii ) detecting step to quantify mRNA encoding an 
AKR1C1 isoform or to verify the presence of mRNA 
encoding an AKRIC polypeptide or fragment thereof ; 

( iii ) detecting an increment or reduction of AKR1C1 
enzymatic substrate or product or metabolites , in a 
biological sample of a lipedema patient compared to 
controls ; 

( iv ) identifying natural and synthetic molecules capable of 
modulating AKR1C1 with possible therapeutic effect 
on lipedema . 

19. The method according to claim 18 wherein the con 
firmation of the fact that the tested person is affected by 
lipedema is obtained by the detection of a biomarker in a 
body fluid in a concentration exceeding a determined limit 
value . 

20. A composition for the treatment of human lipedema , 
in particular in the form of a food supplement , cream or 
ointment , comprising an inhibitor of AKR1C1 or a com 
pound that modulates the catalytic activity of the AKR1C1 
enzyme or of prostaglandins , in particular at least one of the 
components indicated in tables 6-8 , in particular benzodi 
azepines , such as medazepam , derivatives of pyrimidine , 
phthalimide and anthranilic acid , competitive inhibitors with 
a core structure of steroid carboxylate and flavones , and 
liquiritin , flavanone , flavone , 3 - hydroxyflavone , 5 - hydroxy 
flavone , equilin , diazepam , 20c - hydroxydydrogesterone , 
coumarin , glycyrrhetinic acid , 7 - hydroxyflavone and 3,7 
dihydroxyflavone , acteoside , amentoflavone , chlorella , 
green tea , hinokiflavone , quercetin - 3-0 - rutinoside , ricino 
leic acid , sennosides , viprostol , latanoprost , isopropyl uno 
prostone , bimatoprost . 

a 


