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IMMUNOLOGICAL TEST FOR DETECTING
AUTOANTIBODIES AGAINST TESTICULAR
ANTIGENS

[0001] The present invention relates to an immunological
test for the detection of autoantibodies against testicular anti-
gens which were identified as highly relevant for forms of
immunologically-caused and infection-related infertility in
male mammals.

[0002] The testis utilized for the diagnosis and therapeutic
control of diseases which are associated with an elevated level
of autoantibodies against testicular antigens, such as inflam-
mation-related male fertility disorders like e.g. silent, but also
symptomatic inflammations of the testicles and associated
male sexual organs.

STATE OF THE ART

[0003] Approximately every seventh couple in Germany is
affected by involuntary childlessness, whereby the causes are
almost equally divided between men and women. On the part
of'the man, in addition to idiopathic infertility (approx. 30%)
also urogenital infections or other immunological factors (al-
together approx. 12-15%) are counted among the most impor-
tant reasons for a limited fertility. As well systemic acute and
chronic inflammatory diseases as also local infections and
inflammations of the male genital tract play, either alone or as
associated cause of male fertility disorders, always an impor-
tant role. Chronic inflammatory changes in the testicles (tes-
ticle inflammation or orchitis) may result in spermatogenic
arrest and in substantial alterations of spermatozoa number
and -quality. An inflammation of the epididymis (epididymi-
tis) with an estimated annual incidence of e.g. more than 600
000 cases in the USA often appears combined as epididy-
moorchitis. Of clinical relevance for fertility disorders are
also sperm-immobilizing and/or sperm-agglutinating autoan-
tibodies. An assessment of the relevance of immunologically-
caused male infertility and the consequences thereof is in
particular hampered by the fact that a high number of cases
with asymptomatic progression is expected.

[0004] The diagnosis of infections of the seminal ducts is
dissatisfying, being based upon the detection of pathogens, an
increased occurrence of leucocytes and/or inflammation
mediators in the ejaculate as well as a reduced secretory
activity of the accessory glands. Asymptomatic inflammatory
damage of the testes is generally only diagnosable with cer-
tainty via testicular biopsy and thus often remains unrecog-
nized as cause or contributing factor of fertility disorders. Itis
consequently conceivable that inflammations also account
for a part of the large patient collective with idiopathic infer-
tility and that inflammatory causes are of higher relevance
than previously assumed.

[0005] Therefore demand exists for a test suitable to be
used in a body fluid or a biological sample for the identifica-
tion of inflammation-related male fertility disorders such as
e.g. silent, but also symptomatic inflammations in testes and
associated male sexual organs, in order to reduce the need for
a testicular biopsy. Granulocyte elastase and IL-6 are unfor-
tunately both non-specific and thus unsuitable for a utilization
as makers. So far, no appropriate marker is known which is
suitable for the specific detection of inflammation-related
male fertility disorders and thus can be used in an assay.
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Aim
[0006] Aim of the present invention is to provide a marker
which is suitable for the specific detection of inflammation-
related male fertility disorders, as well as an easy to perform
and non-invasive procedure for the detection of this marker in
a biological sample. The aim is furthermore to provide a test
kit for carrying out this procedure.

Solution of the Aim

[0007] Thisaim issolved accordingto the present invention
by an immunological test for the detection and specific deter-
mination of autoantibodies against testicular antigens which
are specific for inflammation-related male fertility disorders
in a biological sample, according to the claims.

[0008] In own tests surprisingly specific autoantibodies
against testicular antigens were identified in biological
samples as highly relevant for forms of immunologically-
caused infertility in men.

[0009] These results demonstrate that biological samples
such ase.g. sera from patients with various forms of testicular
inflammations very often show high titers of ER-60 autoan-
tibodies and transferrin-antibody titers and thus can be dis-
tinguished from healthy test persons or men with non-inflam-
matory spermatogenic defects (e.g. Sertoli cell-only
syndrome, spermatogenic arrest, oligoasthenoterato-
Zoospermia).

[0010] For this purpose, testicle extracts of patients with
normal spermatogenesis were separated by 2D-SDS-PAGE, a
technique known to the expert, and transferred to nitrocellu-
lose membranes as e.g. disclosed in Journal of Pathology
(2005; 207, 127-138). The blot membranes were incubated
with control sera from women, from healthy subjects or with
serum samples from patients who were after andrological
examination diagnosed with various forms of focal or less
frequent fully developed inflammation of the testes. Autore-
active spots were investigated using mass spectrometry
(MALDI-MS), and proteins were identified against which
frequently antibodies were directed in the sera of men with
inflammation-related infertility:

Positive sera/total number of sera

(% reactivity) Protein identified

12/13 (92%) disulfide isomerase ER-60
(syn. Erp60, ERp57)

8/13 (61%) transferrin (siderophilin)

Control sera reacted with none of the identified protein spots.
[0011] Surprisingly, the proteins disulfide isomerase
ER-60 (synonyms: ERp57, p58, entry name: PDIA3_HU-
MAN) with 92% and transferrin (siderophilin) with 61%,
respectively, both showed a strong specific autoreactivity
with sera from patients with different forms of testicular
inflammation.

[0012] For this reason, proteins disulfide isomerase ER-60
(synonyms: ERp57, p58, entry name: PDIA3_HUMAN) and
transferrin (siderophilin) were identified as specific markers
for testicular inflammations in male mammals.

[0013] Utilizing the nucleic acid sequence and/or amino
acid sequences of these marker proteins, an immunological
test is provided which allows the specific detection of autoan-
tibodies against testicular antigens, in particular ER-60
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autoantibodies and/or transferrin autoantibodies which are
associated with inflammatory male fertility disorders, in bio-
logical samples.

[0014] The immunological test for the detection and spe-
cific determination of autoantibodies against testicular anti-
gens which are associated with inflammatory male fertility
disorders in a biological sample comprises the binding of
autoantibodies against testicular antigens, in particular
ER-60 autoantibodies and/or transferrin autoantibodies, to
the specific testicular antigen, particularly ER-60 or transfer-
rin.

[0015] The test according to the invention is used for the
diagnosis and therapeutic control of silent, but also symptom-
atically progressing inflammations of the testicles and asso-
ciated sexual organs of male mammals.

[0016] The amount of autoantibodies against testicular
antigens, in particular ER-60 autoantibodies and/or transfer-
rin autoantibodies which occur very frequently in patients
with various forms of testicular inflammations, is for this
purpose determined in biological samples from male mam-
mals. The determined content of autoantibodies against tes-
ticular antigens is then compared with a reference value.
[0017] In a preferred embodiment of the invention, the test
according to the invention comprises the determination of the
content of ER-60 autoantibodies in biological samples, par-
ticularly serum. For this purpose, the testicular antigen, in
particular protein ER-60, is provided as marker in recombi-
nant form. This is done on the basis of the nucleic acid
sequence of ER-60 protein as specified in Seq ID No. 1 by
recombinant means, using generally known molecular-bio-
logical methods, e.g. by expression in . coli and according to
the state of the art, e.g. using HPLC purification.

[0018] According to the invention, in addition to the nucleic
acid sequence of protein disulfide isomerase ER-60 (syn-
onyms: ERp57, p58, entry name: PDIA3_HUMAN) as dis-
closed in Seq ID No. 1, also proteins are included which
resulted from minor alterations of the nucleic acid sequence,
from additions, deletions and/or substitutions, provided that
the function of the translated protein is not substantially
affected by a binding of ER-60 autoantibodies.

[0019] According to the present invention, in addition to the
disclosed nucleic acid sequence of protein disulfide
isomerase ER-60, also synonymous and homologous pro-
teins are included such as e.g.: ERp57, p58, entry name:
PDIA3_HUMAN.

[0020] A biological sample is any biological material
obtained from a mammal, in particular from a human, which
contains autoantibodies, e.g. body fluid such as whole blood,
serum or plasma, seminal plasma, spinal fluid, peritoneal
fluid, saliva, lacrimal fluid or urine, furthermore biopsy mate-
rial or tissue.

[0021] Autoantibodies against testicular antigens present
in the biological sample, in particular ER-60 autoantibodies
and/or transferrin autoantibodies, are identified by specific
binding to the respective testicular antigen, in particular
ER-60 protein and transferrin, respectively, and subsequent
detection using suitable detection procedures.

[0022] According to a preferred embodiment of the inven-
tion is the determination of autoantibodies against testicular
antigens, in particular the determination of ER-60 autoanti-
bodies and/or transferrin autoantibodies, performed by
immunological procedures. Especially immunocytochemical
procedures, the determination by radioimmunoassay (RIA)
or the determination using an enzyme-linked immunosorbent
assay (ELISA) proved to be particularly well suited. Alterna-
tively, the test is arranged on a test carrier with the smallest
possible volume requirement, e.g. on a test strip.
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[0023] Conduction of the immunological test comprises
contacting a blood sample or other biological specimen of a
male mammal whose content of autoantibodies against tes-
ticular antigens is to be determined with adsorbed specific
testicular antigen, at least one washing step in order to remove
non-adsorbed components, and the detection of autoantibod-
ies bound to the adsorbed antigen using a preparation of IgG
antibodies which are species-specific for the male mammal to
be investigated and which can bind species-specifically to the
autoantibody, e.g. in case of a human, a preparation of anti-
human IgG antibodies which is labeled in such a way that
these antibodies can be detected using a cascade of reactions
of the biotin-streptavidin-peroxidase or -alkaline phos-
phatase type.

[0024] In a preferred embodiment, the test is conducted by
immobilizing the marker protein to be bound, in particular the
testicular antigen, e.g. protein ER-60 or transferrin, on a
surface like for example a microtiter-plate, a polyvinyl chlo-
ride plate or a suitable tissue plate or a test strip, and saturation
of the non-specific binding sites. The biological sample to be
investigated is subsequently added, preferably in liquid form,
whereby the autoantibody contained therein binds to the tes-
ticular antigen, e.g. ER-60 autoantibodies bind to immobi-
lized ER-60 protein and transferrin autoantibodies bind to
immobilized transferrin. The test alternatively also detects
ER-60 autoantibodies and transferrin autoantibodies if pro-
tein ER-60 or transferrin is immobilized on a surface. After at
least one washing step, a secondary antibody is added which
binds to the autoantibody against testicular antigens and
which is coupled to an enzyme, for example an alkaline
phosphatase or peroxidase. After at least one further washing
step, a colorless or non-fluorescent substrate of the enzyme
coupled to the second antibody is finally added to the sample.
This enzyme converts the substrate into a colored or fluores-
cent product whose concentration can be determined with a
suitable detector, e.g. a photometer.

[0025] With this immunological ELISA assay, even small
amounts of autoantibodies against testicular antigens, par-
ticularly ER-60 autoantibodies and/or transferrin autoanti-
bodies, can be detected fast and reliably. A further advantage
of this test is that it can be performed with commonly used
ELISA devices and commercially available microtiter-plates
with 96, 256 or even 1024 wells, thus allowing to perform a
large number of analyses at the same time.

[0026] Ina RIA assay, in principle the same steps are car-
ried outas described for the ELIS A assays, with the exception
that instead of a second antibody conjugated to a suitable
enzyme, a radioactively labeled second antibody is used. The
quantitative detection is in this case performed with a scintil-
lation counter.

[0027] Apart from the above mentioned procedures, a
determination of autoantibodies against testicular antigens by
binding to the marker protein, i.e. binding of ER-60 autoan-
tibodies to immobilized protein ER-60 and binding of trans-
ferrin autoantibodies to immobilized transferrin, respec-
tively, can also be qualitatively and quantitatively assessed
with other immunological methods known to the expert in
this field, amongst which only the western-blot procedure and
the dot-blot method are mentioned here.

[0028] Alternatively is the testicular antigen, in particular
protein ER-60 and/or transferrin, applied to a test carrier with
the smallest possible volume requirement, e.g. to a test strip
with one or several absorbent matrices on a suitable carrier
substance, and is then brought into contact with the biological
sample, if possible in liquid form, so that the autoantibodies
against testicular antigens contained therein can bind and
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subsequently be detected by suitable detection systems, e.g.
by the formation of a visible line.

[0029] The qualitative or quantitative detection of autoan-
tibodies against testicular antigens, in particular the binding
of ER-60 autoantibodies to immobilized protein ER-60 or the
binding of transferrin autoantibodies to immobilized trans-
ferrin, is preferably performed in body fluids such as serum or
plasma from an individual, whereby as a measure for binding,
the fluorescence is determined e.g. as optical density (OD) at
a wavelength of 450 and 570 nm. The absorbance value is
calculated from the difference between 450 nm and 570 nm
wavelength.

[0030] This value is compared with a reference value. The
reference value is e.g. calculated from measured data of bio-
logical samples from healthy male mammals and/or mam-
mals with diagnosed testicular inflammation.

[0031] Alternatively a sample with defined concentration
of testicular antigen is used, in particular ER-60 or transfer-
rin, and the reference value is for example calculated from
reference curves or reference tables or in the form of com-
parative values which are used as basis.

[0032] Thereference value is preferably determined in par-
allel to the analysis of the sample. Double determinations of
reference value and sample are alternatively possible. The
reference value is for example calculated using measurement
data of biological samples from healthy donors, whereby the
reference value is in this case preferably below an OD value
0f 0.35. The reference value is for example calculated using
measurement data of biological samples from donors with
diagnosed silent or symptomatically progressing testicular
inflammation, whereby the reference value in this case is
above an OD-value of 0.35, preferably above 0.4.

[0033] If the content of autoantibodies against testicular
antigens of the biological samples, in particular ER-60
autoantibodies and/or transferrin autoantibodies, is above an
OD value of 0.35, preferably above 0.4, is this indicative of
the presence of an inflammation-related fertility disorder.
[0034] The immunological test allows an improved non-
invasive diagnosis, particularly in the case of biological
samples from patients with silent or symptomatic inflamma-
tory fertility disorders, and avoids performing a testicular
biopsy.

[0035] In particular, ER-60 autoantibodies and/or transfer-
rin autoantibodies are detected with the immunological test
according to the present invention. This allows to distinguish
the diagnosis of testicular inflammations from inflammatory
spermatogenesis defects (Sertoli cell-only syndrome). It is a
new systematic analysis which also takes into account dis-
crete changes such as disseminated and a low density of
lymphocytes. The immunological test according to the
present invention is also used to assess the success of a
therapy of an inflammation-related fertility disorder.

[0036] Since the immunological test according to the
invention can easily be standardized, it may be used both in
human medicine, in particular in the monitoring of in vitro
fertilizations or in fertilization diagnoses and expert opinions,
and also within the scope of modern livestock breeding.
[0037] The biological sample is according to the invention
derived from a male mammal, particularly preferred from a
human.

[0038] The immunological test according to the invention
can easily be offered in the form of a ready-to-use “kit”,
comprising ER-60 and/or transferrin antigen that is adsorbed
to the surface of a carrier, and a preparation of IgG antibodies
which are species-specific for the male mammal to be inves-
tigated and which can species-specifically bind to the autoan-
tibody, e.g. in case of a human, a preparation of anti-human
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IgG antibodies labeled in such a way that these can be
detected with a cascade of reactions of the biotin-streptavi-
din-peroxidase or -alkaline phosphatase type.

[0039] Alternatively, the kit comprises a carrier and also
buffers and reagents, e.g. reagents required for the detection
of the reaction like e.g. streptavidin coupled to a marker
which results in a color reaction.

[0040] Alternatively, the kit additionally comprises a stan-
dard sample of ER-60 antibodies or transferrin antibodies for
calibrating the kit, whereby a standard sample of ER-60 anti-
bodies is used for the detection of ER-60 autoantibodies and
a standard sample of transferrin antibodies is used for the
detection of transferrin autoantibodies.

EMBODIMENTS
1. Provision of ER-60

[0041] Preferably provided is in E. coli expressed recom-
binant protein disulphide isomerase ER-60 (synonyms:
ERp57, p58, entry name: PDIA3_HUMAN). This is for
examples done using an expression clone which contains the
DNA-sequence of human ER-60, e.g. pET-hER-60 expres-
sion clone as e.g. described in Urade et al., J. Biochem. 122,
834-842; 1997. The protein is expressed e.g. in . coli BL21
(DE3), for example according to the protocol of Urade et al.
J Biol Chem. 267 (21):15152-15159), and purified e.g. using
HPLC.

[0042] For this purpose, the expression plasmid pET-
hERG60 is transformed into E. coli BL21(DE3) and cultivated
under suitable conditions, e.g. in the presence of ampicillin
(500 pg/ml) in 400 ml medium, e.g. LB-medium (1% tryp-
tone, 0.5% yeast extract, 1% NaCl; pH 7.0) at 30° C. Protein
expression is induced at a suitable ODg,,,,value, e.g. at
ODyo0,,mvalue=0.5, e.g. with 0.5 mM iso-propyl-1-thio-f-D-
galactopyranoside (IPTG) at 30° C. for approx. 2 h. The
bacterial culture is subsequently harvested and the pellet is
resuspended in a suitable buffer and precipitated, e.g. resus-
pended in 10 ml buffer, e.g. 20 mM HEPES-KOH (pH 6.8),
50 mM KCl, 5 mM EDTA (pH 8.0), 1 mM PMSF and soni-
cated

[0043] The cell lysate is centrifuged for approx. 30 min at
4° C. at 5 000xg and the supernatant is precipitated with 60
and 70% saturated ammonium sulfate for 30 min at 4° C.,
followed by centrifugation 5 000xg for 30 min. The protein
pellet is resuspended in 500 pl buffer, e.g. 20 mM HEPES-
KOH (pH 6.8), 50 mM KCI, 5 mM EDTA (pH 8.0), 1 mM
DTT and purified, e.g. using gel filtration (Superdex 200 HR)
in HPLC. In an alternative step, those fractions which contain
hER-60 are further purified, e.g. using a Mono Q column e.g.
in 10 ml buffer, e.g. 20 mM HEPES-KOH (pH 6.8), 50 mM
KCl, 5 mM EDTA (pH 8.0), 1 mM DTT. The purity of the
protein is assessed, e.g. in an SDS-PAGE gel.

2. Immunological Test

[0044] AnELISA plate e.g. MaxiSorp ELISA plate (Nunc)
is coated with recombinant ER-60, e.g. 2.5 pg/ml over night at
4° C.in 0.1 M sodium carbonate, pH 9.5, washed with suit-
able buffer, e.g. phosphate buffer (PBS, pH 7.2+0.05%
Tween-20) and blocked, e.g. with 2% skimmed milk powder
in PBS atroom temperature (RT) for 2.5 hours. After blocking
of'unspecific binding sites, dilution series (ranging from undi-
luted to 1:1 000 dilution in blocking solution) of control
samples and serum samples to be tested are each applied to
the coated plate in duplicates and incubated for 1 hour at RT.
After this incubation time, wells are washed at least once and
subsequently incubated for at least one hour at RT with a
second species-specific antibody, e.g. an anti-human IgG-
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biotin (1:100 000 in blocking solution). After at least one
washing step, the samples are incubated with streptavidin-
horseradish peroxidase (GE Healthcare) 1:4 000 in washing
buffer for 20 min at RT. After at least one washing step, the
color reaction is developed for 20 min, e.g. with TMB (3,3,
5,5'-tetramethylbenzidine; BD Biosciences). The color reac-
tion is stopped, e.g. with 2N H,SO,. The absorption (OD
value) is determined at a wavelength of 450 and 570 nm. The
absorption value results from the difference between 450 nm
and 570 nm wavelength.

3. Data Analysis

[0045] Evaluation of the immunological assay is preferably
performed by a quantification of ER-60 autoantibodies in
biological samples, preferred serum or plasma. The measured
value is compared with a reference value. This reference
value is e.g. calculated from measurement data of samples
from healthy donors and is in this case preferably lower than
an OD value of 0.35. Alternatively, the reference value can be
determined from measurement data of samples from donors
with diagnosed testicular inflammation, whereby the refer-
ence value in this case is above an OD value of 0.35, prefer-
ably above 0.4. Alternatively, a sample with defined concen-
tration of ER-60 is used and the reference value is for example
calculated from comparison curves or comparison tables or is
based upon comparison values. The reference value is pref-
erably determined in parallel to the analysis of the sample.
[0046] Ifthe content of ER-60 autoantibodies in the sample
is above an OD value of 0.35, preferably above 0.4, is this an
indication for the presence of an inflammation-related fertil-
ity disorder of the male mammal.

4. Validation

[0047] In order to validate the immunological test accord-
ing to the present invention, extensive test series are con-
ducted, whereby the detection of ER-60 autoantibodies in a
control group using sera from humans without andrologically
relevant pre-existing conditions and normal ejaculate is com-
pared with different patient groups.

[0048] These patient groups consists of:

[0049] 1. sera from men with limited fertility. Inclusion
criterion is a sperm-concentration of less than 10 mil-
lion/ml, while no evidence for infections or inflamma-
tions is given.

[0050] 2. sera from men which meet the criteria for an
inflammation of the seminal ducts on the basis of an
ejaculate examination.

[0051] 3. sera from men with testicular inflammation,
detected by means of testicular biopsy.

[0052] 4. sera from men whose diagnosed testicular and/
or seminal duct inflammation was treated with
diclofenac, in order to assess if the ER-60 autoantibody
titer is correlated with a treatment success.

1. Immunological test for the detection and the specific
determination of autoantibodies against testicular antigens
which are associated with inflammation-related fertility dis-
orders of male mammals in a biological sample of a male
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mammal, which is characterized in that the test comprises

binding of these autoantibodies to the specific testicular anti-
en.

& 2. Immunological test according to claim 1, which is char-

acterized in that as autoantibodies against testicular antigens,

specifically ER-60 autoantibodies and/or transferrin autoan-

tibodies are determined.

3. Immunological test according to claim 1, which is char-
acterized in that the specific testicular antigen is ER-60 and/or
transferrin.

4. Immunological test according to claim 1, which is char-
acterized in that the detection of autoantibodies against tes-
ticular antigens is performed immunocytochemically, by
radioimmunoassay (RIA) or by enzyme-linked-immunosor-
bent assay (ELISA).

5. Immunological test according to claim 1, which is char-
acterized in that the detection of autoantibodies against tes-
ticular antigens is performed on a test strip with low volume
requirement.

6. Immunological test according to claim 1, which is char-
acterized in that the determined content of autoantibodies
against testicular antigens is compared with a reference value.

7. Immunological test according to claim 1, which is char-
acterized in that conducting this test comprises

bringing into contact a blood sample or other biological

specimen from a male mammal, whose content of
autoantibodies against testicular antigens is to be deter-
mined, with adsorbed specific testicular antigen

at least one washing step in order to remove non-adsorbed

components

and the detection of autoantibodies against testicular anti-

gens bound to the adsorbed antigen using a preparation
of IgG antibodies which are species-specific for the male
mammal to be investigated and are able to bind species-
specifically to the autoantibodies against testicular anti-
gens, and which are labeled in such a way that they are
detected by a cascade of reactions of the biotin-strepta-
vidin-peroxidase or -alkaline phosphatase type.

8. Utilization of the immunological test according to claim
1, in order to measure the content of autoantibodies against
testicular antigens which are associated with inflammation-
related fertility disorders of male mammals in a biological
sample to determine the presence of an immunologically-
caused and infection-induced infertility in male mammals.

9. Kit for conducting the test according to claim 1, charac-
terized in that it comprises:

specific testicular antigen which is adsorbed to a carrier

and a preparation of IgG antibodies which are species-

specific for the male mammal to be investigated and can
species-specifically bind to the autoantibodies against
testicular antigens, and which are labeled in such a way
that they are detected by a cascade of reactions of the
biotin-streptavidin-peroxidase or alkaline phosphatase
type.

10. Kit according to claim 9, characterized in that the
specific testicular antigen is ER-60 and/or transferrin.

* * #* ok %



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

IPCHEKS
CPCH %5
e

H A0 FF 3R
ShERaELE

BEX)

ATRUHNEAREN B SHENEREF AR

US20110269157A1 NI (»&E)B

US13/126429 RiEHR

BENGAAE S RERAF

JUSTUS-LIEBIGZ KF & &

JUSTUS-LIEBIGR KEE 7

MEINHARDT ANDREAS
FIJAK MONIKA

MEINHARDT, ANDREAS
FIJAK, MONIKA

GO1N33/53

GO01N33/689 GO1N33/543 GO1N2800/367 GO1N2333/79
102008053503 2008-10-28 DE

US8557606

Espacenet USPTO

REAXTFTRATRUNFERUNEHNZAREN B SRENEREF
WK, RREATR SHEVE R L3 VB £ YR o SHEE TR EL B R &
ERXNEBERIBAEX , HRRNEAER-60B FHEN/RKHER
BEHE, SRFREATRNEEBIANY , BrRAXPREF S
EBHMBREXN T EENTFE.

2011-11-03

2009-10-22

patsnap


https://share-analytics.zhihuiya.com/view/dfe50b14-d494-4c72-aaf9-3ed16b50f7dc
https://worldwide.espacenet.com/patent/search/family/041508742/publication/US2011269157A1?q=US2011269157A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220110269157%22.PGNR.&OS=DN/20110269157&RS=DN/20110269157

