IMPROVED MONOCYTE ACTIVATION TEST BETTER ABLE TO DETECT NON-
ENDOTOXIN PYROGENIC CONTAMINANTS 1IN MEDICAL PRODUCTS

FIELD OF INVENTION

[0001] The present invention generally concems an improved monoeyte
activation tast that {s bettar able to detect non-endotoxin pyrogens in medical
products, in which a sample is incubated with 2 monocyte-containing reagent in.an
assay system comprising at least one surface comprising polypropylene, The
invention also concemns assay systems for use in these tests that include at least one
ricrotiter well having at isast one interior surface comprising polypropyiene and
having a shape such that monocyle-containing reagent is concentrated in the well fo
provide greater cell to cell contact. The invention alsc relates to a diagnostic kit that

can be used to test for the presence of non-endotoxin pyrogens in a sample.

BACKGROUND OF THE INVENTION
contact with the circulatory system of humans or other mammais, they cause a
systemic response known as the inflammatory response or inflammation. The
inflammatory response is a defense mechanism to protect the body from infection
and/or injury; inflarmmation increases blood flow 1o the site of infection or Njury,
bringing necessary fluids, proteins, and white blood cells (leukooytes) to help in the
healing process. For example, one sympiom assoaia‘zéd with the nflammatory
response is an slevation in body temperature ar faver, which functions as a defense
mechanism to pathogens that cause overheating. The inflammatory response may
be assoclated with & variety of "flu-like" symptoms including fever, chills, fatigue,
headaches, loss of appeiite, and muscle stiffness. A chemical or biological
compound that triggers fever has historically been referred to as a "pyrogen” or a
“pyrogenic” compound, referring to the fever response which such compounds may
cause. Some chemical or biciogical compounds, howevear, are generally pro-
inflammatory and may or may not cause fever as part of the inflammatory response
that they cause.

f0003] In some cases, depending on the sensitivity of an individual and the
type and concentration of pyrogen the individual is exposed to, an Eﬁcfiv%duai can
develop life-threatening shock-like symptoms after exposure to & pyrogen. Medical
products which can be inhaled, injected, or infused and medical devices such as
membranes or implanted materials pose a particular risk of pyrogenicity. Even

nutrients can represent a risk of pyrogenicity, Pyrogens contained in medical



prodiucts and nutrients are referred to as exogenous pyrogens; in contrast,
endogencts pyrogens are messenger compounds of the immune system that
mediate an individual's inflammatory response o exogenous pyrogens, I addition to
the pyrogenic nature of a product itself or by-products of its production,

contamination of the product can often cause pyrogenicity. Pyrogenicity due fo
contamination of a product can be caused by any one of a diverse group of pyrogens
derived from bacteria, viruses, fungi, or even from the host. This problem can persist
aven if the product is "sterilized" by heat or chemical methods; a commonly
encountered pyrogenic compound, bacterial endotoxin {consisting largely of
lipopolysacchande (LPS) from the ceil wall of Gram-negative bacteria), can remain
after the bacteria are killed. Thus, pyrogen testing of various pharmaceuficals,
nutrients, and medical products for parenteral application is necessary in order fo
ensure e safety of such products.

{00041 Usually, compounds which act as a pyrogen do so by stimulating the
preduction of endegenous pyrogens, such as prostaglandins and proinflammatory
cytokines, in monocytes after contact with tissug, cells, or body fluids. it is these
endogenously produced pyrogens which mediate the inflammatory response in the
affected organism. The most important and well-known of these endogenous
pyrogens are the cytokines interleukin-1 (IL-1), interleukin-6 (IL-8), interleukin-8 (JL-8)
and fumor necrosis factor (TNF) and the low molecutar weight lipid mediator
prostaglandin £2 (PGE,). These compounds are roulinely assayed by ELISA, or
enzyme-linked immunosorbent assays (for IL-1, iL-6, or TNF), and EIA, or enzyme
immunoassay (for PGE,).

{00051 In order to avoid a pyrogenic reaction and ensure the safely of any
grug or pharmaceutical product adminisiered parenterally, pyrogenic confamination
must be monitored fo identify individual lots that are contaminated with bacterial
contaminants. Two animalk-based Pharmacopial methods, the Limulus amebocyte
lvsate (LAL) fest, also referred to as the bacterial endotoxins test (BET), and the
rabbit pyrogen test, are currently routinely used to monitor pyrogen contamination in
mass-produced pharmaceutical products.

[0006] The rabbit test is an in-vive test which consisis of injecting a
statistically significant number of rabbits with the sample compound and observing
the average rise in body temperature eficited in the test animals. Although the rabbit
test is responsive to a wide spectrum of pyrogenic agents, including non-endotoxin
pyrogens, the rabbit test has a refatively low sensitivity (ng endotoxin/ml) compared

o other pyrogen tests (pg endotoxin/mi for the LAL test). In addition, the correlation



of pyrogenic responses to compounds between species is, at best, approximate. 1t
has been documentsd, for instance, that the dose of bacterial endotoxin liciting a
pyrogenic response varies as much as 10,000 fold between species. The raiative
insensitivity, poor guantitative results, variability between rabbit species, and ethical
issues involved in animal testing have made the rabbit test disfavored in recent
years. |

[0607] In contrast to the rabbit test, which detects a wide range of pyrogens,
the LAL test only detects endotoxin pyrogens. Baclerial endotoxin, e.g.,
lipopolysaccharide (LPS}, which comes from the cell wall of Gram-negative bacteria,
is one of the best desaribed pyrogenic compounds {(Moltz et al., Neuroscl. Biobehav,
Rey., 1893, 17, 237-269; Tilders et al., Psychoneuroendocrinology, 1994, 18, 200-
232; Rothwell, Grit. Rev. Neurobiol., 1984, 8, 1-10; Zeisberger and Roth,
Neuropsychobiology, 1993, 28, 106-109). It was therefore thought o be gensrally

useful io replace expensive and fime consuming rabbit experiments with a direct LAL
test for bacterial endotoxin. This approach has obvious imitations. The LAL testis a
very sensitive in-vitro test, however, it only detects endotoxins from Gram-negative
bacteria and gives false negative results with certain products which can still
sfimulate monocytes o make pyrogenic cytokings. The LAL test is also susceptible
to Interference by, for example, high protein fevels of test substances or by ghucans
{Rostansky a.nd Noviisky, J. Clin. Microbiol.,, 1991, 29, 2477; Fennrich at al,, Dev.

Biol, Stand., 1898, 101, 131). Cn the other hand, the Limulus fest is so sensitive that
it is easily prone to false positive results due to impurities that ars not relevant o
product guality (Fufiwara et al., Yakugaku Zasshi, 1990, 110, 332-340).

[0008] Thus, a need existed for a non-animal-based test system that is
charactarized by high sensitivity, high specificity, and the ability to detect a wide
range of pyrogens. With this intent and with an improved understanding of the
human nflammatory response, test systems basad on the in vitro activation of
human monocyies were developed. Some 20 years ago, researchers used
peripheral blood mononuciear cells (FBMC) to detect endotoxin by monitoring the
release of pyrogenic cytokines. {Dinarelio et al., J. Clin. Microbiol., 1984, 20, 323;
Duff and Atkins, ). Immunol. Methods, 1982, 52, 323). Since then, several differsnt

test systems using different sources of human monocytes, including human
peripheral whole blood (WB), PBMCs, or monocytic cell iines, such as MONOMAC-6
{(MM6) (Ziegler-Heitbrock et al,, Int. J. Cancer, 1988, 41, 456) or THP-1 (Tsuchiya st
al, int. J. Cancer, 1980, 26, 171), and vanous readouts, including the pyrogenic
cylokines tumor necrosis factor alpha, TNF-q, -8, IL-18, and the non-pyrogenic



metabolite neopterin (Hartung etal., The Report and Recommendations of ECVAM
Workshop 43, 2001, 28, 99; Poole and Gainas Das, Eur J Parenieral Sciences ,
2001, 8, B3; Poole et al., . Immunct. Methods, 2003, 274, 208; Gaines Das stal, J
Immunol Methods, 2004, 288, 165), have been developed. Recently, ina

collaborative Eurcpsan study, the Human(e) Study, six of the most prominent

monocyte activation tests, each using a different combination of the above described
cell sources and readouts were svaluated for the ability to detect endotoxin in
medical products spiked with various concentrations of pure endotoxin.

[0009] In five of the six ests, the cells were Cui‘tﬁred on 96-well polystyrens
plates with flat bottormed wells (Hoffrmann et al., J. Immunol. Methods, 2005, 298,
161). In the sixth test (based on Fennrich et al,, Dev. Biol Stand., 1999, Fennrich 2t
al., ALTEX, 1899; Hartung et al., 2001), Eppendorf centrifuge tubes (1.2 mi) made of

polystyrene, with conical boltoms, were used for the greater part of the evaluation

and, part way info the study, polypropylene tubes (1.5 mi), with round bettorns, were
substituted for the polysthylens tubes by Charles River Laboratories, the
manufaciurer of the Endosafe®ln vitro Pyrogen Test (IPT) kit used in the study. This
supstitution was not reported to have any significant effect on the test, and the
polypropylene tubes themselves were thereafter replaced with flat-bottomed
polystyrane 86-well plates, when Charies River Laboratories modified the Endosafe@
IPT for reduced volumes. The source of monocytes in this test was whole blood and
the readout was IL-18. Whole blooc was incubated with various drugs spiked with
different concentrations of endotoxin. .

{0010} Carlin and Viitanen disclose a monocyte activation test, based on
whole blood or MONOMAC-6 calls as the source of monocytes and IL-6 as the
readout, for evaluating the /nherent pyrogenicity of the vaccine Infantdx, which
contains Gram-positive and Gram-nagative aniigens, including various non-endotoxin
- pyrogens, Le., Diphtheria toxoid, Pertussis toxoid | and Tefanus toxoid
{Pharmeuropa, 2003, 18, 3, 418-423). Cells were cultured at low cell density mn
endaloxin-free Eppendorf Bio-Pure grade tubes of undisciosad composition. The
pyrogenicity of the vaccine was not the result of contamination of the vactine during
its manufacture or storage. Harlung and Wendsl disclose a monocyte activation test,
based on whole blood as the source of monocyles and IL-153 as the preferred
readout, for detecting endotoxin and non-endotoxin pyrogens in their pure forms, i.e.,

LPS from Salmoneffa aborius equl, strepiolysin O (SLO) from Strepfococous

pyrogens, and muramyl dipeptide (MIDP) (Hartung and Wendsi, In Viiro Toxicology,



1996, 8, 4, 353-359; U.S. Patent No. 5,891,728). Celis were cultured in
polypropylene tubes. _

10011} Yamamoto et al. disclose a monocyte activation test, based on whole
blood or cells from different human csll lines, the 28SC cell line being prefered, as
the source of monocyies/monocytic cslis and 1L.-6 as the preferred readout, for
detecting endoloxin pyrogens {(Jpn. J. Infect. Dig., 2003, 56, 93-100}. The endotoxin

test is said o predict the possibiiity of an in vive synergism between endotoxin and a
parenteral drug, particularly inferferon, such that the drug augments the pyrogenic
effects of the endotoxin. Cells were cultured with either endotoxin in its pure form or
a mixture of endotoxin in jts pure form and human interferon. Cell line celis were
cultured in polystyrene 96-well plates with flat-bottomed wells. Blood cells were
cultured in tubes of unspecifisd material.

[0012] Nakagawa et al. describe a monocyle aclivation fest, based on whole
blood or MMB-CAB cells (a subcione of MONOMAG-6) as the source of monocytss
and IL.-6 as the preferred readout, for detesting endotoxin and non-endotoxin
pyrogens in their pure forms, i.e., LPS from E. coff OB5:B5 and insoluble
psplidoglycan (PG) derived from S. aureus {Clinical and Diagnostic Laboratory
Immunol,, 2002, 9, 3, B83-597). MMB-CAS cells were cultured in polystyrene 96-well

plates. Blood celis were cultured in polypropylene tubes; the volumes used (225 pt.
of blood, 25 pL of test solution, 750 wL of saling) preciuded the used of standard 86-
well plates (250 pliwelt).

[0013] Recently, various sources indicate that polypropylene is fo be avoided
in pyrogen testing. For exampig, Charles River Laboratories recommends avoiding
polypropylene because the hydrophohic nature of a polypropylene sutface could
result in the adsorption of endotoxin on such a surface due to the hydrophobic
domains assoclated with the Lipid A component of LPS (Charles River Laboratories,
Endesafe Times, Sept. 2004). Harlan Sera-Lab, a manufacturer of biosafety tests,

staies that polypropylene tubes can interfere with the LAL assay (Harlan Sera-Lab,
2004 Catalogue). And, the European Dialysis and Transplant Nurses Association as
well as the European Renal Care Association recommend avoiding polypropyiens
and using polystyrene in endotoxin testing because polystyrene does not normally
adsorb endotoxin (EDTNA/ERCA Guidelines).

[0014] Thus, a need exists for a non-animal-based pyrogen fest,
characterized by high sensitivity, high specificity, and the ability fo detect a wide
range of pyrogenic contaminants in medical products.



SUMMARY OF THE INVENTION

10015] Applicants have developed an in-vitro pyrogen test that is sensitive
and detects pyrogenic contaminants present in medical products. Generally, the
present inveniion is directed to a method of defecting non-endofoxin pyrogens ina
sai'nple by combining monosytes, i.e., in the form of a monocyte-containing reagent,
and the sample fo be tested in & first assay system comprising at least one surface
comprising polypropylens, such that the monocyies are in contact with the surface.
The monocytes and the sample are incubated so that the monocytes produce a
Cytokine or an endogenous mediator of the inflammatory response during incubation.
The contents of the first assay system are fransferred to a second assay system
comprising at least one surface treated with an anﬁbody' o a gyiokine or an
endogenous mediator or marker of the inflammatory response. The second assay
system is assayed for the presence of cytokine or endogenous mediator bound o the
antibody on the surface. When the monocytes used in this method ars PBMGCs ar

monocyiic cell fine c:eiis; the monocytes are present in the assay systems at a high
cell density.

[0015a] The present invention is directed to a method of detecting non-endotoxin
pyrogens in a sample comprising the steps of:

(A) combining a monocyte-containing reagent and the sample to be tested in a first

assay sysiem which includes at least one microtiter well shaped such that the monocyte-

containing reagent is concentrated to provide greater cell to cell contact as compared to

a flat-bottomed microtiter well, wherein the surface of the microtiter well comprises a

polypropylene coating or the entire microtiter well is composed of polypropylene;

(B) incubating the monocyte-containing reagent and the sampie, wherein, when the

sample comprises a pyrogen, the monocyte-containing reagent produces a cytokine or

an endogenous mediator of the inflammatory response;

(C) transferring the contents of the first assay system to a second assay system

which comprises at least one surface treated with an antibody to the cyiokine or

endogenous mediator of the inflammatory response; and

(D) assaying the second assay system for the presence of cytokine or endogenous

mediater bound to the antibody on the suiface;

whereby an elevated level of cytokine or endogenous mediator bound to the surface indicates
the presence of the pyrogens in the sample tested.



{0015b] The present invention is directed to a method of detecting nen-endotexin
pyrogens in a sample comprising the steps of:
(A) combining a monocyte-containing reagent and the sample to be tested in an
assay system comprising (i) at least one microtiter well shaped such that the monocyte-
containing reagent is concentrated {o provide greater cell to cell contact as compared to
a flat-bottomed microtiter well, wherein the surface of the microtiter well comprises a
polypropylene coating or the entire microtiter well is composed of polypropylene, and (ii)
at least one surface treated with an antibody to a cytokine or an endogenous mediator of
the inflammatory response;
(B) incubating the monocyte-containing reagent and the sample, wherein, when the
sample comprises a pyrogen, the monocyte-containing reagent produces a cytokine or
an endogenous mediator of the inflammatory response, and
(C) assaying the assay system for the presence of cytokine or endogenous mediator
bound to the antibody on the surface;
whereby an elevated level of cytokine or endogenous mediator bound to the surface indicates

the presence of the pyrogens in the sample tested.

[0015¢] The present invention is directed to a method of testing a sample, comprising
the steps of: combining a monocyte-containing reagent and a sample to be tested in a first
assay system which includes at least one microtiter well shaped such that the monocyte-
containing reagent is concentrated to provide greater cell to cell contact as compared to a flat-
bottomed microtiter well, wherein the surface of the microtiter well comprises a polypropylene
coating or the entire microtiter well is composed of polypropylene; incubating the monocyte-
containing reagent and the sample; transferring the contents of the first assay system to a
second assay system which comprises at least one surface treated with an antibody to the
cytokine or endogenous mediator of the inflammatory response; and assaying the second assay
system for the presence of cytokine or endogenous mediator bound to the antibody on the

surface, whereby the sample is tested.

6a



[00154d
the steps of: combining a monocyte-containing reagent and a sample to be tested in a first
assay system comprising (i) at least one microtiter well shaped such that the monocyte-
containing reagent is concentrated {o provide greater cell to cell contact as compared to a flat-
bottomed microtiter well, wherein the surface of the microtiter well comprises a polypropylene
coating or the entire microfiter well is composed of polypropylene and (ii} at least one surface
treated with an antibody to the cytokine or endogenous mediator of the inflammatory response;
incubating the monocyte-containing reagent and the sample; and assaying the assay system for
the presence of cytokine or endogenous mediator bound to the antibody on the surface,

whereby the sample is tested.

[0015e] The present invention is directed to an in vitro pyrogen test, comprising the

steps of:

(a) combining a monocyte-containing reagent and a sample to be tested in a first
assay system which includes a microtiter plate comprising a plurality of microtiter
wells, shaped such that the monocyte-containing reagent is concentrated to
provide greater cell to cell contact as compared to a flat-bottomed microtiter well
wherein the bottom wall of each microtiter well is non-planar, curved, parabolic or
downwardly extending and wherein the surface of each microfiter well comptrises
a polypropylene coating or the entire microtiter well is composed of
polypropylene;

(b) incubating the monocyte-containing reagent and the sample, wherein, when the
sample comprises a pyrogen, the monocyte-containing reagent produces a
cytokine or an endogenous mediator of the inflammatory response;

(c) transferring the contents of the first assay system to a second assay system
which comprises at least one surface treated with an antibody to the cytokine or
endogenous mediator of the inflammatory response; and

(d) assaying the second assay system for the presence of cytokine or endogenous
mediator bound {o the antibody on the surface whereby an elevated level of the
cytokine or endogenous mediator bound to the surface indicates the presence of

pyrogens in the sample tested.
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steps of:

(a) combining a monocyte-containing reagent and a sample {o be tested in a first
assay system comprising (i) a microtiter plate comprising a plurality of microtiter
wells, shaped such that the monocyte-containing reagent is concentrated to
provide greater cell to cell contact as compared to a flat-bottomed microtiter well,
wherein the bottom wall of each microtiter well is non-planar, curved, parabolic or
downwardly extending and wherein the surface of each microtiter well comprises
a polypropyiene coating or the entire microtiter well is composed of
polypropylene and wherein, when the sample comprises a pyrogen, the
monocyte-cantaining reagent produces a cytokine or an endogenous mediator of
the inflammatory response, and (ii) at least one surface treated with an antibody
fo the cytokine or endogenous mediator of the inflammatory response;

(b) incubating the monocyte-containing reagent and the sample; and

(c) assaying the assay system for the presence of cytokine or endogenous mediator
bound to the antibody on the surface whereby an elevated level of the cytokine or
endogenous mediator bound to the surface indicates the presence of pyrogens in

the sample tested.

[0015g] The present invention is directed to a diagnostic kit for use in the in vitro
pyrogen test as defined above, comprising (i} an assay system comprising a microtiter plate
comprising a piurality of microtiter wells, each well shaped such that, when a monocyte
containing reagent is present in the microtiter wells, the monocyte-containing reagent is
concentrated to provide greater cell to cell contact, as compared to a flat-bottomed well, wherein
the bottom wall of each microfiter well is non-planar, curved, parabolic or downwardly extending
and wherein the surface of each well comprises a polypropylene coating or the entire well is
composed of polypropylene, and (ii} a cryopreserved monocyte containing reagent comprising
cryopreserved whole blood, cryopreserved peripheral blood mononuclear cells (PBMCs), or
cryopreserved monocytic cell line cells; and, wherein either the assay system further comprises
at least one surface treated with an antibody to a cytokine or endogenous mediator of an
inflammatory response, or the kit comprises a second assay system comprising at least one
surface treated with an antibody to a cytokine or endogenous mediator of an inflammatory
response, wherein the cytokine or endogenous mediator is one that is produced by the
monocyte-containing reagent.
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10015h] The present invention is directed fo a diagnostic kit comprising: a
cryopreserved monocyte-containing reagent a microtiter plate comprising a plurality of microtiter
wells shaped such that the monocyte-containing reagent is concentrated to provide greater cell
to cell contact as compared to a flat-bottomed microtiter well, wherein each microtiter well
comprises a bottom wall that is non-planar, curved, parabolic or downwardly extending, wherein
the surface of the microtiter well comprises a polypropylene coating or the entire microtiter well
is composed of polypropylene and either the assay system further comprises at least one
surface freated with an antibody to a cytokine or an endogenous mediator of an inflammatory
response, or the kit comprises a second assay system comprising at least one surface treated
with an antibody to a cytokine or an endogenous mediator of an inflammatory response,
wherein the cytokine or endogenous mediator of an inflammatory response is a cytokine or
endogenous mediator of the inflammatory response that is produced by the monocyte-

containing reagent when exposed to a sample that comprises a pyrogen.

[0016] The present invention s also generally directed to a method of
detecfing non-endotoxin pyrogens in a parenterally-administered medical product by
combining whole blood, as the monocyte-containing reagent, and the medical
product to be tested in a first assay system comprising at least one surface
comiprising poiypropyiene, such that the blood is in contact with the surface. The
biood and the medical product are incubated such that the blood produces the
cytokine IL-6 during incubation. The contents of the first assay system are
transferred 10 2 second assay system comprising al least ons surface freated with an
anfibody to IL-8. The second assay systam is assayed for the prasence of [L-8
bound 1o the antibody on the surface. '

[0017] The present invention s further drawn o & method of culturing
monocytes, 1.e., in the form of @ monocyte-confaining reagent, for use in & non-
endotoxin pyrogen iest by combining the monocytes and 2 sample to be tesisd in an
assay systemn comprising at least one surface comprising polypropylene, such that
the monocytes are in gontact with the surface.

[0018] The invention is also drawn to a method of culturing monocytss as
part of 2 nor-endotoxin pyrogen fest by combining the monocytes and a sample in an
assay system comprising at least one microliter well shaped such that the monocyte-
containing reagent is concentrated as compared o a flat-bottomed microtiter well, 2
surface of the well comprising polypropylene, such that the monocytes are in contact
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with the surface. When the monocytes used in these culfuring msthods are
peripheral blood mononuciear cells {PBMC) or monooytic cell line cells, the
meonocytes are prasent in the assay systems at a high cell density.

{00191 The invention is also directed fo a method of detecting not-endotoxin
pyrogens in a parenterally adminisiered medical product by combining whole blood,
as the monocyte-containing reagent, and the medical product to be tested in an
assay system comprising at least one surface comprising polypropylene and at lsast
one surface treated with an antibody o 1L-8, such that the blood is in contact with the
surface comprising polypropylens, and assaying the assay system for the presence
of IL-8 bound o the antibody on the surface.

{60207 The Invention further provides a diagnostic kit which contains a
microtiter plate comprising a plurality of microtiter wells shaped such that culture
mediurn contained in each well is congentrated as compared fo a flat-botomed
microtiter well, a surface of sach well comprising polypropylens, and crlyog)raserved
monogcytes, L.e., in the form of & cryopraserved monocyte-containing reagent,
confained in the wells of the mioretiter plate, such thal the monocytes are in contact
with the surfaces of the wells, When the monooyies in the kit are peripheral blood
mononuciear calls (PBMC) or monocytic Qeifi%ne cells, the monocyles are present in
the wells at a high cell density. ,

{0021} The invention also provides a diagnostic kit which contains an assay
system for detecting non-endoioxin pyrogens in a parenterally administered madical
product, the assay system comprising a microtiter plate comprising a plurakity of
microtiter wells shaped such that culture medium coniained in each well is
concentrated as compared to a flat-bottomed microtiter well, & surface of sach welt
comprising polypropyiene, cryopreserved whole blood, as the cryopreserved .
monocyte-containing reagent, contained in the wells of the microtiter plate, such that
the blood is in contact with the surfaces of the wells, and an antibody to JL-8.

[0022] Other objects and features of this invention will be in part apparent

and in part pointed out hereinafiar.

BRIEF DESCRIFTION OF THE DRAWINGS

[0023] Figure 1 is a graph depicting IL-6 responses for test samples having
four different cell densities (1 million, 0.5 miltion, 0.25 million and 0.13 million PBMC
per 250 plwell) in a monocyte aclivation test carried out with peripheral blood
mononugtear cells on polypropylene plates with round-hottomed wells, with 1L.-8 as
the readout. IL-6 responses are to endotoxin standard (1 endotoxin unit per mb) and



Extraneal® positive control (i.e. a batch of this product contaminated with non-
endotoxin pyrogen}.

[0024) Figure 2 is 2 graph illusirating 1L-6 responses for test samples having
low call density in a monoeyte activation test carvied out with whaole blood on
polystyrene plates with fat-botiomed wells. IL-6 responses are fo LPS, Extransal®
negative control {i.e. a clean batch of this product), Extraneal® positive control,
Hemoglobin (Hb) negative contrel {i.e. a ciean batch of this product), and
Hemoglobin (Hb) positive control {i.e. a batch of this product contaminated with non-
endotoxin pyrogen).

[0025] Figure 3 is a graph illustrating 1L-6 responses for test samples having
low cell density in a monocyte activation test carded out with peripheral blood
monhonuciear cells on polystyrene plates with flak-boliormed wells. IL-8 responses ars
to LPS, Extraneal® positive and negative controls and Hb positive and negative
controls.

[0026] Figure 4 is a graph Hiustrating IL-6 responses for test samples having
low cell density in & monocyle activation test carried out with MONOMACGS cells on
polystyrene plates with flai-bottomed wells. 1L-6 responses are o LPS, Extraneal®
positive and négative conirols and Hb positive and negative controls.

[0027] Figure 5 is a graph depicting 1L-6 responses for test samples having
low cell density iIn @ monooyie activation test carried out with THP-1 ¢ alis on
polystyrene plates with flai-bottomed wells. [L-6 responses are to LPS, Exiraneal®
posiive and negative controks and Hh positive and negative controls.

[0028] Figure 6 is a graph Hlustrating TNF-a responses Tor {est samples
having low cell density it a monooyis activation test camried out with THP-12A0 cells
on polystyrans plates with flai-bottomed wells. TNF-a responses are to LPS,
Extraneal® positive and negative controls and Hb positive and negative controls.

[0G29] Figure 7 is a graph illustrating 1L-6 responses for {est sampies having
low celi density in a monocyte activation fest carried out with MONOMACSE-CAS
clone cells on polystyrene plates with flat-bottomed wells. IL-8 responses ars to LPS,
and Exiraneal® positive and negative controls.

[00307 Figure 8 is a graph iHustrating 1L-6 respornses for test samples having
low celt density in a monooyte activation test camried out with 28SC cells on
polystyrene plates with flat-botiomed wells. IL-6 responses are to LPS and dextran
positive and negative controls.



[0031] Figure 9 is a graph depicting IL-6 responses for test samples having
high cell density in a monocyte activation test carried out with peripheral blood
mononuclear cells on polypropylene plates with round-bottomed wells. 1L-6
responses are to LPS, Extraneal® positive and negative controls and dextran positive
and negative controls.

[0032] Figure 10 is a graph depicting IL-6 responses for test samples having
low cell density in a monocyte activation test carried out with whole blood on
polypropylene plates with round-botfomed wells. 1L-6 responses are to LPS, and
Extraneal® positive and negative controls.

100331 Figure 11A is a graph depicting IL-8 rasponses for polypropylen
plates {black columns) and polystyrene plates (grey cdlumns) in a monocyle
activation test f*amed out with peripheral blood mononuctear celis (1 milfion cells per ‘
well). L6 responses are fo LPS, Extraneal® positive and negative controls and Hb
positive and negative controls.

[0034] Figure 11B is a graph depicting lL.-13 responses for polypropyiene
plates (black columns) and polystyrene plates {grey columns) in & monocyte
activation test carried out with peripherat blood mononuciear cells (‘i‘ milfion celis per
well), 1L.-18 responses are to LPS, Extraneal® positive and negéative controls and Hb
positive and negative controls.

[0035] Figure 12A1s a graph Hustrating [L-8 responses for test samples
naving high celi density in a moneayte activation test carried out with peripheral hioad
mononuciear cells on polypropylene piates with round-bottomed wells. -6
responses are to LPS and Extraneal® positive and negative contrals.

10036] Figure 12B is a graph Hlustrating IL-6 responses for test samples

Jhaving low cell density tn a monocyte activation test garried out with perdpheral blood
mononuciear cells on polystyrene plates with flat-botfomed welis. IL-6 responses are
to LPS and Extraneal® positive and negative controls.

{0037} Figure 13A is a graph illustrating 1L-6 responses for fest samples
having high csll density in & monocyte aclivation test carried out with peripheral blood
mononuciear cells on polypropylene plates with round-bottomed wells. 1L-6
responses are to LPS and Extraneal® positive and negative conirols.

[0038] Figure 13B is a graph iliustrating iL-6 responses for test sampies
having high cell density in a monocyte activation fest carried out with peripheral blood
mononuciear cells on polystyrens plates with flat-botiomed wells, IL-6 responses are
10 LPS and Extraneal® positive and negative controls.



[0033] Figure 14A is a graph ilustrating IL-6 responses for test samples
having high cell density in @ monocyte activation test carried out with peripheral blood
mononuclear cells on polypropylene plates with round-boftomed wells. IL-5
responses are o LPS and Extraneal® positive and negative controls.

j0040] Figure 14B is a graph Hustrating IL-6 responses for fest samples
having high cell density in a monocyte activation test carried out with peripherat biood
mononuclear cells on polystyrene plates with flat-bottomed welis. 1L-8 responses are
to LPS and Extraneal® positive and negative controls.

10041} Figure 15 is a graph ilfustrating 1L-18 responses for test samples
having high celt denstty in a commercially available IPT test carried ou% with wholg
blood on polystyrene plates with flat-bottomed wells. IL-18 responses are to LPS,
Extraneal® posifive and negative controls, hemoglobin positive and negative controls,

saline control and gram posliive control.

DETAILED DESCRIPTION OF THE INVENTION

10042} Pyrogens stimulate blood monooyies (as well as other leukocyies) and
macrophagss to produce and release numerous endogenous pyrogernic mediators of
the inflammatory response, including cytokines (e.g. TNF-a, IL-18, and 1L-8). The
release of these pyrogenic mediators into the circulation triggers a cascade of events
teading to an inflammatory response in the affected individual. The monocyte
activation test of tha present invantion reliles on the measurement of these
endogenous pyragens as a marker for an inflammatory response. According to a
preferred embodiment of the present invention, a sample is incubated with a
monocyie-containing reagent in a first assay system comprising a surface comprised
of polypropylene, the monoayte-containing reagent being present in the assay
system af a high cell density. The contents of the first assay system are then
transferred to & second assay systermn comprising a surface coated with antl-cytokine
antihodies, and the second assay system is assayed for the presence of cytokines
hound to the surface by the antibodies.

{0043} The pyrogen fests of the present invention are used to detect non-
endotoxin pyrogens, i.e., Gram-positive bacteria (.g., Staphylococcus aureus) or
their components (e.g., muropeptide, lipoteichoic acid, enterotoxins, streptolysin),
immune stimulators such as phytohemagglutimin or phorbolesteras, as well as
endotoxin. Because the fest ulilizes the cytokine response of monocytes o diverse

pyrogens rather than a response spacific to Gram-negative bacterial endotoxin, a
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wide spectrurn of pyrogenic agents can be detected with the test of the present
invention.

[0044] The pyrogen tests of the present invention have been shown to be
mote effective in detecting non-endotoxin pyrogen in contaminated lots of a medicat
product as compared fo conventional tests. The exarnplss herein show that these
conventional tests are incapable of distinguishing positive control samples of
Extraneal® peritoneal dialysis solution, hemoglobin, or dextran from negative control

_samples of the same parenterals. The Extraneal® positive control sample was
obtained from a product lot contaminated with non-endotoxin pyrogern; the
contaminated lot caused adverse reactions in humans but tested negative for the
presence of pyrogen according fo an LAL fest, which only tests for endotoxin
pyrogens (Martis, et al., Lancel, 365(9459), 588). The hemoglobin positive control

sample was also obtained from a product lot contaminated with non-endotoxin

pyroger; the contaminaied lot caused fever responses in rabbits, but tested negative
for the presence of pyrogen according fo an LAL fest. The dextran posilive conirol
was a preparation of dextran that had been found to cause fever in humans but
tested negative for the presence of pyrogen according to an LAL test. The ability of
the test to detect non-endotoxin contaminants in medical produsts is of great value
as it enables identification of contaminated medical product lots before the ot is
released for use in patients. Known tests function well In the context of detecting
pure nor-endotoxin and endofoxin pyrogen, L.e., peptidoglycan (PG) from S. aureus
and LPS from E. coli as disclosed by Nakagawa st al. as discussed above, or the
endotoxin spiking of products, i.e., various drugs were spiked with different
concentrations of endoloxin in the six tests of the Human(e) Study as discussed
above . LAL tests function effectively provided a medical preduct is contaminated
with endotoxin (Mascok, C.C., Weary, M.E. |, J Parenter Drug Assoc. 2003, 33, 81;
Mascoli, C.C., Weary, M.E., Prog Ciin Biol Res. 2003, 28, 387). Howsver, when a

medical product is contaminated with non-endotoxin pyrogen, such tests faill to detect

the pyrogen. Without being bound o a particular theory, it is beleved that the non-
endotoxin pyrogen interacts with the medical product resulting in a "masking” of the
pyrogen and the inabliity fo detect non-endotoxin contaminants.

[0045] The pyrogen tests of the present invention overcome this masking
effect and are capable of detecting non-endotoxin contaminants in medical products:
for example, in a preferrad embodiment, in which PBMCs were culiured at a high call
density in round-bottomed polypropylene wells, the pyrogen fest of the present

invention was capable of distinguishing between positive and negative control
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samples of Extraneal® solution and dexiran (see Figure 8). None of the available kits
that were tested were capable of distinguishing between positive and negative
Extraneal® or hemoglobin Eonirols (see Figures 1-8). Again, without being bound to
a particufar theory, it is believed that high cell densifies provide more cells for greater
cell to cell contact. Increased cell to cell contact facilitates greater communication
between cells and, therefore, results in an enhanced inflammatory response o a
pyrogenic contaminant. Celis comrnunicate with each other via soluble mediators,
such as gylokines, and via cell to cell contact, in which cviokines can also take part.
A round-bottomed wel, or a well generally shaped such that cells are concentrated,
provides greater ceil to cell contact as compared o a flat-bottomed well. And, itis
befieved that polypropylene increases the bicavailabiiity of non-endotoxin pyrogens.
Again, without being bound {o a particular theory, it is believed that sutfacs treatment
of polystyrene plates as conventionally used in cell culture makes their surface Jess
hydrophoebic and batter able fo bind cells but also causes their surface fo bind and
neutralize non-endotoxin pyrogens. The polypropylene plate is not surface-treated
80 that it remains more hydrophobic than the polystyrene plate and less likely to

neutralize non-endotoxin pyrogens.

1. Pvrogen Test Componesits

{00481 A pyrogen test which is characterized by so me combination of the
three elements dascribed abovs, high call density, round-boitom {(or a different,
appropriate shape), and polypropylene, Le., PBMCS present at a high cell density in
a round-bottomed polystyrene well, allows for improved detection of non-endotoxin
contamination in medical products, The pyrogen tests of the present invention can
be used 10 test a variety of medical products for the presence of non-endotoxin
contamination, including blood products, medical products for parenteral
administration, dialysates, vaccines, intravenous solutions, and any fluid that
contacts the bedy or bodily fluids.

A. Cviokine or Endogencus Mediaior of the Inflammatory Responss

{00471 Any endogenous mediator of the inflammatory response secreted by
the monocyie-containing reagent that is detectable may be used as the basis of the
pyrogen test of the present invention. Preferably, however, a oytokine or endothelin
marker is employed beéause they are easy to detect by the method of the invention.
it has been found that monocyiss in whole blood incubated with an endotoxin or non-
andofoxin pyrogen produce several classes of cylokines, including, but not imited o
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pro-inflammatory cytokines (TNF-g, IL-1, IL-8), anti-inflamnmatory cytokines (IL-4, 1L~
10, IL-13, IL-1ra, TGF), Tht (IL-2, [FN | IL-12), Th2 {IL-4, IL-5, -6, IL-10, IL-13), IL-
18, -ira, IL-8, and PGE,. Preferred cytokine markers for use in the invention
include TNF-g, H.-18, iL~tra, IL-6, 1L-8 and PGEZ. iL-6 is a particularty preferred
cytokine marker to assay in the present invention. 1L-8 is produced in detecteble
amounts within a relatively short incubation period. Immunoreactive 1L-6, unlike
immunoreactive IL-18 and TNFg, is secreted entirely into the celi-conditioned
medium/blooed, in large quantities, permitting its complete estimation. In contrast,
immunoreactive TNFa and 1L-15 remaln largely intraceliular, raising the possibitity
that test preparations affecting celi-permeability might more easily inferfere in the test
with (immunoreactive) TNFa or IL-17 as the readout, rather than {L-6 { see Figures 2
and 3). Nevertheless, TNF-o or IL-18 could atso be used as a cytokine marker in the
oresent invention, TNF-a is produced sarlier than -6 in the monocyle pyrogen
response. Thus, an embodiment of the invention which assays TNF-o would use a
shorter incubation time (~1 1o 2 hours) than embaodiments which assay 1L-8.

Different pyrogenic contaminants may &licit different cytokine responses in the cell
culture. Therefore, the invention may be tailored to detect the formation of particular
cytokines when contamination with a particular pyrogen which causes secretion of
those cytokines is probable for a pharmaceuiical product.

B, Antibody to the Dyiokine or Endogenous Mediator

{00481 Once the cytokine to be assayed has been determined, an antibody o
that cytokine must be made for use in the present invention. Polyclonal antibodies
purified under stringent conditions, as described in Example 1 of U.S. Patent No,
6,696,261, which is incorporated herein by reference in its entirety, work well in the
pyrogen fest. Because the animal blood from which the polyclonal antibodies are
isolated is naturally pyrogén-~free (if taken from healthy animals), one must simply

prevent contamination of the raw materials with pyrogens during purification to obtain

 a pyrogen-free product. Pyrogen-free buffers and solid phases are used in affinity

chromatography cofumns to-obtain pyrogen-free polycional aniibodies as described
in Example 1 of U.S. Patent No. 6,698,261, Alternatively, monoclonal antibodies
from hiybridoma cultures can be used. However, when using monocional antibodies,
care must be taken to isolate the antibodies from any contaminating pyrogen which

may be present in the hybridoma cell culture.
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{0049} For use in the present invention, the antibody to the cytokine is
applied to a surface in an assay system. Methods, such as coating, for binding
antibodies onto a surface in an assay system, such as a microtiter well, are well
known i the biochemical arts. Many assay systems are available commercially, and
the manufacturer usually provides materials and insiructions for coating aniibodies
onto a swrface of the system. Because of their ease of reading and the small sample
volume required, microtiter wells ir which a portion of the interior surface of the well
is coated by the anfibody are used in a preferred embodiment of the present
invention. in order to fully exploit the advantages of the invention, i is preferred that
the microtiter well be part of a microtiler plate, which is a planar array of simitar wells,
situated so that the array of wells may be read with automated immunoassay plate
reading equipment (see, e.g., U.8. Patent No. 5,281,540, hereby incorporated by
reference). Automated equipment such as ELISA plate readers (e.g., the Ultramark
Micropiate Reader, available from Bio-Rad Laboratories, Inc.), automate the assay
evaluation process and greatly decrease the per-test cost. If desired, microtiter well
olates can be rendered pyrogen-free {if not afready supplied as such) by exiensive
washing with pyrogen-free buffer. In a particularly prefarred embodiment of the
present invention, anti-fL-8 polyclonal antihodies are coated onio the wells of an
ELISA plate. Mowsver, other immuno-diagnostic test formats (e.g., in which the
antibody is coatad on a dipstick or bead) are acceplable for use in the present
invention.

[0050] in addition o the "capture” antibody, other antibodies and reagents for
use in assaying the cytokine may be applied when making microtiter plate systems
for use in the present invention., For instance, after the capture antibody is applied to
the microtiter plate, the remaining binding sites of the plate can be "blocked" with
another protein. After blocking, & Iabsled detection anfibody (such as a bictinylated
or enzyme-labeled antibody} can be applied to the microtiter plate, along with a
profective giezing compound. Thus, when a sampig Is incubated In the microtiter
well, as described below, a relsased cylokine is captured by the capture antibody
bound to the well and tabeled by the detecting antibody simuttanecusly during the

sample incubation period.

. Monoovie-Conlaining Reausnt

[0051] As the first step in the pyrogen fests of the present invention, cells
contained within & monocyte-containing reagent are cuftured by combining the

moncoyie-containing reagent and a sample {0 be tested In an assay systern. The
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monocyte-containing reagent of the present invention is selected from the group
consisting of PBMGCs, monogytic cell fine cells, whole blood, or any cell line that
expresses or can be mads o express the Toll-like receptors (TLRs) that are involved
in mediating responses to pro-inflammatory and pyrogenic agents, including cells into
which these recepiors have been induced or cloned. Preferably, the monoeytic call
line is selected from the group consisting of MONOMAC-6 (MME), THP-1, and 285C.
The monocytes in the monocyte-containing reagent preferably are monocytes from
the same species o whom the product tested is to be administered (ie., human for
pharmaéeutical products; cat, dog, horse, etc. for veterinary products). However,
monocytes from other species with the desired pyrogen reactvity may also be used.
in certain preferred embodiments, the monogcyie~containing reagent comprises
PBMCs.

[0052] In one embodiment of the invantion, the monocyte-containing reagent
is whole blood and the assay system includes at least one surface comprising

_polypropylens, such that the monocyte-containing reagent is in contact with the
surfane.

[0053] tn another embodiment, the monocyte-containing reagent is PBMCs
present in high cell density, and the assay system includes at least one surface
comprising polypropylene, polyethyiene, polystyrene, or another similar material in
contact with the PBMCs.

{00541 When the monocyie-containing reagent is PEMGCs or cell iine cells, the
reagent is present in the assay system at a high cell density, to facilitale greater cell
to cell contact, as explained above In detall. in cerfain embodiments, the monocyte-
confaining reagent is present in the assay system at a cell density per well of af least
about 125,000 cells, at least about 250,000, 500,000, 600,000, 704,000, 800,000,
900,000, 1,000,000, 1,100,000, 1,200,000, 1,300,000, 1,400,000, 1,500,000,
1,600,000, 1,700,000, 1,800,000, 1,900,000 or 2,000,000 cells per well, One of
ordinary skill in the art would recognize that the maximum celt density is exceeded
when insufficient cell nutrients exist in the volums of reagent within the well to
properly maintain the cells within the well.

[6055] When the monocyte-containing reagent is whole blood, the reagent is
present in the assay system at a lower cell density than PBMCs or celt line cells. In
certain embodiments where the monocyte-containing reagent is blood, the reagent s
present in the assay system at a cell density of at least about 100,000 peripheral
biood mononuclear cells per well, at least about 200,000, 210,000, 220,000, 230,000,
240,000, 250,000, 260,000, 270,060, 280,000, 280,000, 300,000, 310,000, 320,000,
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330,000, 340,000, 350,000, 360,000, 376,000, 380,000, 380,000 or 400,000 PBMC
per well. Without being bound to a particular theory, it is belisved that whole blood
can be used at a lower cell density as compared to PBMCs or cell fine cells because
monooytes are in their natural environment and alf serum components which may
influence their response fo pyrogens are present in solution. Furthermore, when the
monocyte-containing reagent comprises whole blood, the readout used for the
pyrogen test is [L-6.

[0058] treferably, when blood is used as the monocyte-containing reagent,
the blood is fresh, or less than 24 hours old, and more preferably less than 4 hours
oid. Also, when whole blood is used, anticoagulants can be included to retard or
prevent blood clotling; suitable anticoagulants include ditrate (for example, to 2 final
concentration of 0.38%), heparin {(sodium heparinate), or fragmin (low molecutar
weight heparin). Anticoagulant additives can be used without affecting the response
of the monocytes to pyrogens in the test sample. Whole blood can also be diluted
with an appropriate buffer or other diluent, such as RPMI cell culiure media or
physiological saline. Whole blood is preferably dituted o al least 50%, more
preferably to about 5% to about 25%, and more preferably about 20% of the final
volume for incubation {see Figure 1 of U.S. Patent No. 8,696,261). By diluting whole
blood, the IL-§ responsa curve of the majority of donors may be brought within a
compact range that can be used to quaniify a wider range of pyrogen contamination
concentrations (see Figure 3 of US. Patant Na. 6,896,261).

' 2. Two Assav Svystem

[0057] in certain embodiments of the present invention, the pyrogenicity test
is carmed out in a two assay container system, such that the steps of sample
incubation with the monocyte-containing reagent and the capture of cylokine(s)
produced by the monocyte-containinig reagent ocour in two different assay container
systems. The incubation siep follows the culturing step described ahave; incubation
of the test sample with the monocyte-containing reagent (such as PRBMCs) is
pe:formed in the same assay systern as fhe culturing step. The optimal incubation
time for use in the pyrogen test of the present invention wilf vary depending on the
assay conditions, namely the cytokine which is assayed. For example, when whole
blood is ncubated with endotoxin and the readout is 1L-86, minimal additional cytokine
is produced by the monocyte-containing reagent after incubation for 6 hours; afier 4

. hours of incubation, a sufficient amount of IL-8 has been sscreted by the reagent to

allow quaniification of the pyrogen contaminant. When whole blood is incubated with
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non-endotaxin pyrogen and any readout is used, a sufficient amount of iL-6 has been
secreted by the reagent to allow quantification of the pyrogen contaminant after
about 16-24 hours of incubation. For an embodiment of the present invention which
assays IL-6 production, an incubation tme of about 6 to about 24 hours, more
praferably about 12 to about 24 hours, and mest preferably about 16 to about 24
hours is preferred. If another cytokine is assayed, the incubation period stiould be
optimized for the production of that particular cyfokine. Such optimization is within
the abiiities of the person of ordinary skill in the art. [ the cytokine to be assayed is
not released by the monocytes, the cells can be lysed by freeze thawing, or by
adding a detergent at the end of the incubation psriod in a concentration which will
not disrupt binding of ligands fo antibodies.

{0058] Once the incubation step is completed, the contents of the assay
system (the first assay system}, namely the monocyte-containing reagent and the
test sarnple, are transferred o a second assay system which comprises at least ong
surface treated with an antibody to a cytokine or an endogenous mediator of the -
inflammatory responss, &.g., endothelin. The second assay system is assayed for
ihe presence of cytokine or endogenous mediator on the surface coated with the
anti-cytokine or anti-endogenous mediator anfibody. Preferably, rigorous, sterile
conditions are maintained at all points in the procedure before the antibody coated
surface is assaved for bound cylokine. f an ELISA plate coated with a capture
antibody 18 used as the smbodiment of the present invention, the plate is washed,
and a sacond anti-cytokine antthody conjugated with an enzyme is added to the
ELISA plate (unless the second, labeled, " defecting” antibody was initially added to
the plate before glazing or fogether with the contents of the first assay system). The
ELISA plate Is washed again, and addition of a substrate o the ELISA plate will
produce a color. After a short incubation fime, the reaction is terminated, and the
optical density of the solution Is measured on an ELISA plate reader. This process is
further described in Example 2 of U.S. Patent No. 6,696,261, Alternatively, non-
gnzymatic immunocassay techniques may be used. For instance, the second andibody
of the immunoassay "sandwich” may be labeled with a fluorescent moiety or a
radicactive isotope. After washing, the amount of cytokine captured in the well can
be quantified by dstecting the amount of flucrescence or radiation present in the well.
Several enzymatic and non-enzymatic hased assay systems are available
commercially and can be easily modified for use in the present invention by one of
ordinary skill in the art.
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3. One Assay Svsiem

[0059] In certain embodiments of the present invention, the pyrogenicity test
is carried out in a one assay container system, such that the steps of sample
incubation with the monocyie-containing reagent and the capture of cylokine(s)
produced By the monocyte containing reagerit ocour in the same assay container
systemn. The assay system comprises at least one surface comprising polypropylens
and at least one surface treated with an antibody to a cytokine or an endogenous
mediator of the inflammatory responss. The incubation step follows the culturing step
described above and is performed in the same assay system as the culturing sfep.
As described above in the context of the two assay container system, the optiral
incubation time for use in the pyrogen test of the present invention will vary
depending on the assay conditions, namely the cytokine which is assayed.
Generally, the teachings regarding the incubation step discussed with respect io the
two assay container system apply {o the one assay container system as well. The
incubation period should be optimized for the production of a particular cytokine and
such optimization is within the abilifies of the person of ordinary skilt in the art. ifthe
cyiokina to be assayed is not released by the monocvies, the cells can bs lysed by
freeze thawing, or by adding a détergent at the end of the incubation period in a
concentration which will nof disrupt binding of ligands o antibodies,

{0080} Once the tncubation step is complsted, the assay system, which
comprises at least one surface freated with an antibody to a gyfokine or an
endogenous mediator of the inflammatory response, e.g., endothelin, is assayed for
the presence of cytokine ar endogenous medialor on the surface coated with the
anfi~cytokine or anti-endogenous mediator antibody. Preferably, rigorous, sterile
condifions are maintained at all points in the procedure before the antibody coated
surface is assayed for bound cytokine. Generally, the discussion regarding the
assaying step of the two assay confainer sysiem, i.e., the discussion of the ELISA
plate and non-enzymatic immunoassay techniques, apply to the one assay container
system as well.

10061} In general, the one assay container system and the two assay

container system are interchangeabis.

4, Assav Containers

[0082] The assay systems of the present invention comprise at least one
surface in contact with the monocyte-containing reagent. in certain embodiments of

the present invention the assay system(s) includes at least one microfiter wall, and
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the surfacs is at least a portion of the interior of the microtiter well. In particular
embodiments, the surface of the microtiter well comprises a polypropylene coafing or
the entire microfiter well is composed of polypropyiens. In certain embodiments
where the assay system comprises at least one surface treated with an antibody v a
sytoking or to an endogenous mediator of the Inflammatory response, the surface on
which the antibody is applied is at least a portion of the interior of the microtiter well.
Preferably, the microtiter well is shaped such that the monooyte-contzining reagent is
concentrated as compared to a flat-bottomed microtiter well.

[0083] In certain embodiments, the microtiter well{s) comprises an open fop,
an upper region extending downwardiy from the open fop, and a bottom wall tapsring
in diameter from a locaticn above the lowest point fo the owest point.

[0084] In certein embodiments, the micratiter well(s) comprises an open top,
an upper region axtending downwardly from the open fop having a top end and a
bottom end, and a bottom region having a top end and a lowest point, the bottom
region extending from the bottom end of the upper region and tapering in diamieter
more rapidly than the upper region from the top end of the botiom region toward the

iowest point.
A [0085] In certain embodiments, the bottom wall of said microtiter well is non-
planar, preferably curved, sometimes parabolic. In certain particular embodiments,
the bottorn wall is downwardly extending, or the sides of the microtiter well are sloped

inward.

3. Diagnostic Kif
[0066] Any one of the embodiments described above can be incorporated

info a diagnostic kit for performing pyrogen tests. The kif is used fo detect a variety
of non-endoioxin pyrogens, inciuding Gram-positive bacteria {e.g., Staphylococecus
aursus) or their componenis (e.g., muropeptide, iipotsichoic acid, enterctoxins,
streplolysin), as well as endotoxin pyrogens in a variety of medical products,
inchuding blood productis or other parenterals, such as dialysates, vaceinas, and
infravenous solutions. Gengraily, such a kit includes a microtiter plate comprising 2
plurafity of microtiter wells shaped such that cufiure medium contained in sach well is
concentrated as compared to a flat-bottomed microtiter well, the wells comprising at
_least one surface comprising polypropylena. The wells of the microtiter plate contain
cryopreserved monocyte-containing reagent comprising cryopreserved whols biood,
cryopreserved peripheral biood mononudciear cells or oryopreserved monocytic cell

line calls, which are in contact with the swtaces of the wells, in certain
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embodiments, the wells of the microfiter plate comprise polypropylene. When the
cryopreserved monocyle-containing reagent comprises oryopressrved peripheral
biood mononuciear cells or orvopraserved monocytic celt line cells, the reagent is
present in the welis at a high cell density. Kits containing cryopreserved whole blood
as the monocyte-containing reagent also contain antibody to IL-8, as IL-6 i1s the
preferred readout.

100677 In particular embodiments, the wells include a barrier which is
impearvious to monocytes. The barrier comprises at Isast one suface comprised of &
pyrogen-free material, and is typically a membrane, a grid, a sieve, or a sifter. The
barrier is preferably steriie. Suitable barrier materials for use with microtiter plates
gre known in the art. The barrier, which is permeable to fluids, allows cryopreserved
calis to be washed without being removed from the wells; dimethyt sulfoxide (DMSO),
which bathes cryopreserved cells and acts as a preservative, can be removed so that
it does not interfere with the ‘testéng, Test samples are added above the barrier,
nenetrate the barrier, contact celis below the barrier, and potentially stimulate these
celle fo produce cytokines. Cytokines released by celis diffuse into the medium
above the barmer. Typically, the sclutions above and below the barrier are
thoroughly mixed, by aspirating the solutions. Subseguently, an aliquot of well-mixed
medium from above the barrier is assayed for the presence of cytokine or an !
endogenous mediator of the inflammatory response.

8. Inferprefation of Cyiokine Production Data
A, Standard Curve Method

[0088] In order to properly interpret the cytokine production data generated in
the pyrogen test of the present invention, an endotoxin standard curve is generated
by incubating the monocyite-containing reagent with USP standard endofoxin. The
purpose of this is to quantify the cytokine production response msasursd for a tost
sample n terms of the response observed for a known pyrogen. A standard curve
may be generated from any stalistically significant number of data points generated
with significantly varied concentrafions of standard endotoxin by uflizing standard
best-fit data analysis software. Msthods of generafing such standard curves are
generally known in the art.  Applicants have found that data points of 10, 4, 1, 0.25,
0.08, 0.03, and 0 EU/mi of endotoxin are suitable for generating a standard curve,
but any stalistically significant number of concentrations through a similar range
would be suitable. Once a standard curve is generated, the equivalent non-

endotoxin concentration (quantified in endotoxin unit-equivalents) may be
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interpolated from the cyiokine response using the standard curve. As the response
of whoie blood-based monocyte-containing reagents can vary significantly from
donor fo donor, it is important to generate a standard curve for sach set of assays
performed with a particular lot of monocyte-containing reagent. However, because
the preferred ELISA plate embodiment of the invention ulilizes very small amounts of
human blood (about 40 yl/well), a single unit of donated blood can be used for
several hundred wells. The standard curve generated using the USF endotoxin aids
in the normalization of the data In terms of relating o endotoxin units {EU, as defined
by the USP/FDA, which are identical fo U, international uni’fe{ as defined by WHO),

which is the industry standard for expressing endotoxin/pyrogen contamination.

8. Keference Lot Method

[0069] Alternatively, the cytokine production data generated in the pyrogen
test of the present invention may be internreted by comparing cytokine responses
glicited by test lots of a product to those slicited by reference lots of a product, a
confaminated referencs lot and an uncontaminated reference lot. First, the two
reference lots of a medical product are identified: the reference lots are pyrogen
tested and the cytoking responses elicited by these lots are measured. Then, test
lots are pyrogen tested and the responses sliciied from these lots are compared to
those of the reference lots. Generally, a test ot will be deemed uncontaminated if i
slicits a lesser response than the contaminated reference lot and a response shmilar
to that of the unconfaminated reference lot. Each test lot may be tested once or
several imes. For example, according to one reference lot method, a product was
deemed uncontaminated I it elicited the release of no more than two fimss as much
iL-6 as the uncontaminated reference lot in four out of four donors or seven out of
eight donors; the test was conducted in quadruplicate using the blood of four different
donors. A preferred reference lot method is described in Gaines-Das et al., 2004, in
which the fest sample is required fo stimulate the release of less 1L-6 than the
reference. in that asticle, the test preparation is required {o pass ihe test with the
PBMNC from four different donors,  f the test preparation passes the test with the
PRMNGC from three of the four donors, the test is continued with PBMNGC from a
further four donors, none of whom provided PBMNC for the first test, and the test
preparation is required fo pass the test with the PBMNC from seven of the eight
different donors.
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[0070] Advantageously, the monocyte activation tests of the presant
invention are better able to delect the presence of a wide variety of pyrogens,
including non-endotoxin pyrogens, in medical products such as blood products,
infravenous solutions, and vaccines,

DEFINITIONS ,

[0071] As used hersin, the term "pure” endotoxin or non-endotoxin pyrogen
ar pyrogen in its "pure form,” refers to endotoxin that has been stripped of its
associated proteln. Pure endotoxin is also known as lipopolysaccharide (LPS).

{0072] The term "monocyle-containing reagent” means any solution of
monooytic leukooyte cells of the immune system. Preferably, these celis are derived
from the organiam to whom the product which is being tested is to be administerad
{i.e., human for pharmaceutical products, cat, dog, horse, etc. for velerinary
products). An example of a monocyte-containing reagent is whole human blood.

[0073] The term "assay system” means any"(:ontainer and surface which may
be used in a monocyte ackivation test, including a container in which celis ars
cultured and incubated with a iest sampie as well as a container and surface with
bound antibody which may be used in an immuncassay. Preferably, with regard to
performing an immunoassay, such containers are microtiter well plates with antibody
bound o a surface in the well, in which a large number of colorimetric enzyme-linked
immuncassays may be carred out in pardilel and which may be automaticaily
evaluated by an ELISA piaie reading machine. However, other immunoassay
systems are envisioned, especially thoss where the coated surface is not necessarily
part of the wall of the container. For instance, a larger test tube which contains a
polystyrene bead or dipstick coated by the antibody codld be used in the present
invention.

[0074] The term “monocytic cell line” includes any cell line that has
endogenous GD14 and/or Toll-iike receptors (TLRs) or which has been ransfected
with CD14 andfor TLRs and/or reporier genes for inflammatory/pyrogenic mediators.
The cell line does not have fo be monooytic provided it has or has been transfected
with the components of the “pyrogen receptors” present on monooytes: these
components include TLRs and CD14. For example, Human Embryonic Kidney
(HEK) cslts already have most of the TLRs and can be stably transfected with the
TLRs that they do not have — TLR2 and TLR4 ~ and atso CD14 to make them

sufficiently fike a monocyte to funciion in the methods of the invention.
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EXANMPLES

Exampie 1
{0075} Preparation of PRMC. PBMCs were isolated from human

heparinizad petphearal blood that was not more than 4 hours old by density-gradient
centrifugation using Ficall Paque Plus (Pharmacia #1 ?«144&02). The cells were
washed twice with Duibecco's phosphate buffered saline without calcium and
magnesium {Gibco #14190), re-suspended in Minimum Essential Media (MEM)
(Gibco #11090}, HEPES buffer (Giboo #15630), and 5 pl. of the donor's own heat-
inactivated plasma (i.e., 2% of final concentration). The PBMCs were diluted to the
required cell densities (8 million, 4 million, 2 million, and 1 milion PBMCs per ml).

{0076} Cell Culturing. Cell cultures wers carried out in quadrupficate on the
following microtiter plates: Coming Costar #3790, #3359, 125 pb of cell suspension
containing 1 million, 0.5 million, 0.28 million, or 0.13 million cells was added fo sach
well, followed by 125 pl of test sample or standard endotoxin (0.0064-20 EL/mL).
The 250 pl. mixture was gently mixed and incubated at 37£1°C, in 5% CO, and in
humidified air. The duration of the culiure was 186 to 24 hours, after which time
afiquots of the culture fluid were obtained, diluted 1 in 2 and 1 in B0, and assayed for
IL-6.

[0077] ELISA for [L-8. S6-well plates (Immulon 4, Dynex #011-010-3855)
were coated with 180 pl of 3 pg/mb. mouse monodional IgG (R&D Systems
#MAB208 dissolved in bicarbonate buffer, pH 9.5} by incubation overnight at 2-8°C.
The plates were washed three times with 300 ul wash buffer (20 mM HEPES, 150
mivi NaCl, pH 7.4). Non-specific binding sites on the plates were blocked by adding
200 pL of blocking solution (0.02 g/t. Bovine Serum Alburmin, Fraction V, protease-
free). The plates were again washed thres times with 300 pb of the same wash
buffer, and 100 ub. of samples {previously diluted 1 in 2 and 1 in 50 in sample diluent)
or standards (7.8-1000 pg/mlL of WHG international standard for 1L-5, #89/548) were
added to each well. 100 pl of sample diluent was added o each unused well. The
plate was covered with sealer (Falcon #3073) and incubated with shaking
{(approximately 300 rpm) for 1 hour & 5 minutes.

[0078] The plate was then aspirated and washed five times with 300 gL of
wash buffer. Then, 100 pL of 0.2 pg/ml biotinytated goat anti-human IL-5 antibody
(R&D Systems, #BAF206) was added to each well and the plaie was again covered
with sealer and incubated with shaking {approximately 300 rpm) for 1 hour £ 5
minuies.
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[0079] The plate was then aspirated and washed five times with 300 pl of
wash buffer. Then, 100 pl of 0.02 yg/mL atkaline phosphatase (Rockland #5000-05)
was agdded o each well and the plate was again covered with sealsr and incubated
with shaking {(approximately 300 rpm) for 1 hour + 5§ minutes.

0080] The plate was aspirated and washed five times with 300 pL of wash
buffer. Then, 200 ;,ztj of 1 mg/mlL pNPP in diethanofamine buffer with 0.5 miM MgCl,
was added to each well. The plate was again covered with sealer and incubated with
shaking {approximately 300 rpm) at room temperature unfil the largest concentration
of the IL-6 standard curve {1000 pg/ol.) had an optical density between about 2.5
and 3.0 at 405 nm, at which point the reaction was stopped by adding 50 ul. of 2M
NaOH o each well. The optical density of each well was d‘atermined within 30
minuies of the reaction being stopped using a microplate reader set to 405 nm.

0081} Figure 1 shows the effect of call density on the 1L-6 responses 0
endotoxin standard (1 EU/ml) and Extraneal® positive control. The Extraneal®

positive control was contaminated with nor-endotoxin pyrogen and caused an

8]

advarse drug reaction in human recipients of this lot of this drug but gave 2 negative
response in the LAL test (Martis et al. 2005). Values are means + standard srror of
the means of four replicate wells. Cell densities of 0.25 to 1 miflion PBMC per well
responded similarly to the 1 EU/ml endotoxin standard. The positive control sample
was best detected using 1 million > 0.5 million > 0.25 million >> 0.13 million cells per

well.

Example 2 — Comparative Pyrogen Tests

[0082] The methods described herein as the current state of the art were
rapficated. None of these methods discriminate positive product controls for
Extraneal® dialysis solution, hemogiobin and/or dextran from negative product
controls,

[0083] The assays of Hoffman et al., 2005 were replicated as described
therein using polystyrene microfiter plates with fiat-bottomned wells and 1L-6 readout.
The monocyte-containing reagent was used in low cell density and was whole bload
(75,000 cells per well), PBMCs (100,000 cells per well), MONOMACS (250,000 celis
per well), or THP-1 (250,000 cells per well) in Figures 2-5, respectively. Note that in
Figure 5, 1L-6 readout was substifuted for neopterin because IL-6 is an endogenous
pyrogen (in contrast to neopterin) and a more robust readout in the msthods of the
invention. In Figure 6, THP-12A9 celis in low cell density (250,000 cells per well)

were used as the monocyte-containing reagent and TNF was the readout.



- [0084] The assay of Nakagawa et al. was replicated as described therein
using 1,000,000 MONOMAC-CAS clone cells per mi as the monocyte-containing
reagent, IL-6 readout, and polystyrene microtiter plates with fiat-bottomed wells. See
Figure 7.

[0085] The assay of Yamamoto et al, was replicated as described thersin
using 1,000,000 28C celis per mi as the monocyte-containing reagent, {L-6 readout,
and polystyrene micretiter plates with flab-boftomed wells. See Figure 8. However,
the 28C cells were primed with calcitric} (100 ng/nl) rather than interferon gamma

because the laltier failed o give a dose-response curve io endotoxin standard.

Example 3 — Pvrogen Test of the Invention
{0088] Cultures (200 i) of 20% human whoie blood {40 14 = approx 60,000
PBMCiwell = approx. 300,000 PBMC/mI) were carried outf in quadruplicate on 36-wel

round-bottomed polypropylene plates (Costar #3796, Corning Incorporated, USA).
The additions per well were: MEM-HEPES {80 pi), blood from & single donor (40 1),
‘endotoxin standard or Extraneal® samples diluted 1:1 with MEM-HEPES (100 1, ie.
the Extransal® solufion was at a final dilution of 1 in 4 in the wall). The contents of
the wells were mixed by swirling gently (without cross-contaminating wells) and
incubated without vibration (o alfow the cells fo settle) at 37°C for 16-24h in an

atmosphere of 5% CO, in air. Atthe end of the tissue culture incubation, 100 4

aliguots of clear supermnatant from each well were taken for assay of IL-6 by ELISA.

10087} The methodology used for the dexiran samples was similar to that
described above in Example 1. The cell isolation and culture were shmilar, except
that the celf density was 400,000 cells per well and the sample dilution used in the
ELISAwas 1 in 10, The IL-6 ELISA was different in that it used plates coated with
Clone 16 monocional antibody (for capture of [L-8) and a sheep polyclonal antibody
conjugated fo horse-radish peroxidase as the detecting antibody. The ELISA is used
in the whole biood/iL-6 test (NIBSC} and the PBMC/IL-G test (Novartis) as described
in the Hoffmann et al. paper, 2005.

[0088] Figure 9 flustrates comparative results for the Extraneal® negative
control sample and the Exiraneal® positive control sample, and for dextran negative
conirol sample and dextran positive control sample. it can be seen that the pyrogen
test of the invention can readily discriminate between these positive and negative
confrols. The test was carried out, in quadruplicate, according io the protocot
described above, with blood from & single donor. Values are means + standard error

of the means of four replicate wells.



[0089] Figure 10 Hustrates comparative resulis for the Extraneal® negative
confrol sample and the Extraneal® positive control sample. 1t can be seen that the
pyrogen test of the invention can readily discriminate betwean these positive and
negafive controfs. The test was carried out, in quadruplicate, according to the
nrotoco! described above, with blood from a single donor. Values are means £
standard error of the means of four replicate wells. Note that fow celt density was
sufflcient for discrimination of positive from negative Extraneal controls when whole
blood was the monocyte-containing reagent and round-boltomed polypropylens wells

were used.

Example 4 -~ Pyrogen Test of the Invention: Comparaiive Results for

Polypropyiene Plates vs, Polvstyrens Plates and -6 vs. 1L B for a Single

Bonor
(D090} The test samples were prepared according to the method of Example
1, except that celf densifies of 1 million cells per well were used, some samples were
subjected fo IL-1R readout, and some samples were placed in polystyrene microtiter
plates with flat-bottomed wells. Figure 11A shows that IL-6 responses to positive
controls were clearly distinguished from negative controfs for tests conducted in
polypropylene plates, but were not distinguished for those in polystyrene plates.
Values are means * standard error of the means of four replicate wells. Figure 118
shows that lL-18 responses to positive controls were clearly distinguished from
negative confrols for tests conducted in polypropylens plates, but were not
distinguished for those in polystyrene plates. However, the magnitude of the
responss in Figure 118 was much less than that of Figure. 114, indicating that [L-18%
is & poor readout 2s compared o (L-8. Values are means + standard error of the

means of four replicate wells.

Examnie 5 — Pyrogen Test of the invention: Comparafive Resuits for

Polvpropvione Plates vs. Polvsivrene Plates for Multinle Donors

[0081] The test samples were prepared according fo the method of Example
1, except that cell densities of 0.88 and 1 million cells per well were used, three
donpors were used, some samples were placed in polystyrens microtiter plates with
flat-boftomed wells, and the iL-6 ELISA used plates coated with Clone 16 monocional
antibody and a sheep polyclonal antibody conjugated to horse-radish peroxidase as
the dstecting antibody as described in the Hoffmann et al. paper, 2005. Figures 12A

ang 12B iflustrate the IL-6 response for polypropylene microtiter plates with round-
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botiorned wells and polystyrene microtiter plates with fiat-bottomed wells for PBMC
cell density of 0.88 million cells per well for donor A, respectively. For donor A, the
pyrogen test did not distingtﬂsh hetween positive and negative controls when the
paolystyrene plates were used, but did distinguish between thaese controls when
polypropylene plates were used. Figures 13A and 13B Hlusirate the IL-6 response
for polypropylene microtiter plates with round-bottomed wells and polystyrene
microtiter plates with flat-bottomed wells for PBMC cell density of 1 miflion cells per
well for donor B, respectively.  Although both pyrogen iests distinguished between
positive and negative controls for donor B, the IL-6 response for the positive control
was about § fimes that of the negative control using the polypropylene plates, but
only about 2 fimss that of the negalive control using polystyrene plates. Figures 14A
and 148 Hllustrate the 1L-6 response for polypropylens microtiter plaies with round-
bottomed wells and polystyrene microtiter plates with flat-bottomed wells for PBMC
cell density of 0.88 million cells per well for donor C, respectively. Although both
pyrogen tasts distinguished befweean positive and negative controls for donor B, the
i.-6 response for the positive control was about twice as great using the
poiypropytene plates versus the polystyrene plates. Note that in polypropylene the
response to the Extraneal® positive control exceeds the response to the Ear‘gest dose
of LPS standard, i.e. 0.4 £U/mi, whersas in polystyrene tha response fo the

}@

Exiraneal” positive control is smaller than the response 0 the smallest doss of LPS

standard, i.e. 0.1 El/ml.

Exampie 6 — Comparative Pvrigen Test: IPT (Charlas River Laboratories)

[0092] The methodology used in performing this test is described in the
Endosafe® IPT InVitro Pyrogen Test instruction sheet (commercially availeble from
Charles River Laboratories (PIIPT10002)) using the assay procedure for whole blood
stimulation using H.-18 and polystyrene microtiter plates. Figure 15 Hlustrates that
the IPT test failed to discriminate befween Extraneal® and Hemoglobin positive and
negafive controls, though the kit responded fo LPS standérd and {o a kit positive

control of lipotechoic acid from a Gram-posifive hacterna.

Example 7 - Pyrogen Test of the Invenfion using Cryo-preserved Cells

{0093} Cell suspension (e.g. 1 mittion PBMC or monoeytic cells) in plasma
and dimethyl sulphoxide (or in whole blood and dimethy] sulphoxids) is added o
sach well of a 96-well polypropylens plate with round-bottomead 250 plL wells, which

is then ssaled and cryo-preserved.



[0084] On the day of the iest, the plate is thawed, brought to room
temperature, the seal removed and the 96-well insert pushad firmly into position.
The insert has walls of polypropylene and a flat botiom that is a barrier to the
passage of cells but not liquids.

[0095] The DMSO is washed away from the cells by filling the insert with
fresh medium and aspirating the mediurm up and down to mix the solutions above
and below the cell-barrier before aspirating and discarding the solution above the
cell-barrier. By repeafing this washing step § fimes, the cells are washed essentially
free of DMSOC and are retained in a known volume of fresh medium.

[0086] Test sample or standard and more fresh medium are added o the
insert and, by aspirating this soldtion up and down to mix the solutions above and
balow the cell-barrier, pyrogen in the sample or {pyrogen) standard is aliowed acceass
to the ¢ells.

[0097] The plate s incubated at 37+1°C, in 5% carbon dioxide gas in
humidified air for 16-24 hours. During the incubation, the celis sefile allowing cells to
contact each other which facilitates pyrogen-stimulaied 1L-6 release. Al the end of
the incubation period, the solutions above and below the cell-barrier are thoroughly
mixed by aspirating the solution above the cell-barrier up and down, before an aliquot
of cell-conditioned medium is taken for assay of IL-6.

[0088} Cryo-preserved PBMCs are advantageous because they can be easily
shipped on dty ice throughout the world. Unlike polystyrene, polypropyiene
 withstands fiquid nifrogen without cracking. On arrival, the PBMCs nesd anly to be
thawed and x&ashed free of the DMSO o be ready for use in a test, in conjunction
with the provided plate insert. By shipping the cells at the oplimum number per well
and using the cells in conjunctioh with the plate insert, an improved test kit is
provided fo the end-user. With a conventionai kit, cells are shipped in a tube and,
once thawed, have o be washed by centrifugation, which pellats the cells, altowing
them to be dispersad in clean medium. Usually cells are washed two or three times
in this way. Then the cells have fo be counted and re-suspended &t the reguired cell
density bafore they can be dispensed into wells. The pyrogen test of the present
invention is less fabor intensive, less fime-consuming and far iess traumatic o the
cells as compared to conventional tests which can result in cell joss, activation and
cell death,
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[0G89] When infroducing elements of the present invention or the preferred
embodiments(s) thereof, the arficles "a", "an", "the" and "said" are intended to mean
that there are one or more of the elements. The terms "comprising”, "including” and
"having" are intended to be inclusive and mean that there may be additional
elements other than the listed elements.  As various changes could be made in the
above methods and composttions without departing from the scope of the invention,
itis intended that all matter contained in the above description shall bs interpreted as

fllustrative and not in a limiting sense.
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WHAT IS CLAIMED 1S:

1. A method of detecting non-endofoxin pyrogens in a sample comprising the steps of:
(A} combining a monocyte-containing reagent and the sample fo be tested in a first
assay system which includes at least one microtiter well shaped such that the monocyle-
containing reagent is concentrated to provide greater cell to cell contact as compared o
‘& flat-bottomed microtiter well, wherein the surface of the microtiter well comprises a
polypropylene coating or the entire microtiter well is composed of polypropylene;
(B) incubating the monocyte-containing reagent and the sample, wherein, when the
sample comprises a pyrogen, the monocyte-containing reagent produces a cytokine or A
an endogenocus mediator of the inflammatory response;
(C) transferring the contents of the first assay system 1o a second assay system
which comprises at least one surface treated with an antibody to the cytokine or
endogenous mediator of the inflammatory response; and
(D) assaying the second assay system for the presence of cytokine or endogenous
mediator bound to the antibody on the surface; A

whereby an elevated level of cyiokine or endogenous mediator bound fo the surface indicates

the presence of the pyrogens in the sample tested.

2. A method of detecting non-endotoxin pyrogens in a sample comprising the steps of:
(A}  combining a monocyte-containing reagent and the sample to be tested in an
assay system comprising (i} at least one microtiter well shaped such that the monocyte-
containing reagent is concenirated to provide greater cell to cell contact as compared to
a flat-bottormed microtiter well, wherein the surface of the microtiter well comprises a
polypropylene coating or the entire microtiter well is composed of polypropylene, and (if)
at least one surface freated with an antibody to a cytokine or an endogenous mediator of
the inflammatory response;
(B) incubating the monocyte-containing reagent and the sample, wherein, when the
sample comprises a pyrogen, the monocyte-containing reagent produces a cytokine or
an endogenous mediator of the inflammatory response, and
(C)  assaying the assay system for the presence of cyfokine or endogenous mediator

bound to the antibody on the surface;
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whereby an elevated level of cytokine or endogenous mediator bound fo the surface indicates

the presence of the pyrogens in the sample tested.

3. The method of claim 1 or 2 wherein the cylokine is selected from the group consisting of
interleukin-1 (IL-1), interleukin-1ra (IL-1ra), interleukin-6 (IL.-6), interleukin-8 {IL-8), and tumor
necrosis factor-a (TNF-a).

4, The method of claim 3 wherein the cytokine is IL-6.
5. The method of claim 1 or 2 wherein the endogenous mediaior is endo%heiin.r

8. The method of any one of claims 1 to 5 wherein the sample is a medical product for

parenteral administration.

7. The method of claim 6 wherein the medical product is a biood product, dialysis solution,

vaccine, or plasma expander.

8. The method of any one of claims 1 to 7 wherein the microtiter well comprises an open
top, an upper region extending downwardly from the open top, and a bottom wall tapering in

diameter from a location above the lowest point to the lowest point.

9. The method of any one of claims 1 to 7 wherein the microtiter well comprises an open
top, an upper region extending downwardly from the open top having a top end and a bottom
end, and a bottom region having a top end and a lowest point, the bottomn region extending from
the bottom end of the upper region and tapering in diameter more rapidly than the upper region

from the top end of the bottom region toward the lowest point.

10. The method of claim 9 wherein the bottorn wall of said microtiter well is non-planar,
curved, parabolic or downwardly extending, or the sides of said microtiter well are sloped

inward,

11. The method of any one of claims 1 to 10 wherein the assay system(s) is a colarimetric
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enzyme-linked immunosorbent assay (ELISA), a radio-labeled immunoassay, or a fluorescence-

labeled immunoassay.

12. The method of any one of claims 1 to 11, wherein the monocyte-containing reagent

comprises peripheral blood mononuclear cells (PBMCs) or monocytic cell line cells.

13. The method of claim 12, wherein the monocylic cell line comprises a human monocytic cell

fine.

14, The method of claim 13, wherein the monocytic cell line |s MONOCMAC-8, THP-1, or
28SC.

18, The method of claim 12, wherein the monocytic cell line comprises a cell line having
endogenous CD14 and Toil-like receptors or which has been transfected with CD14 and/or Toll-

like receptors and/or reporter genes for inflammatory or pyrogenic mediators.
16. The method of claim 12, wherein the PBMCs are human PBMCs.

17. The method of claim 12, wherein the monocyte-containing reagent is present in said

assay system at a cell density which is higher than the cell density of monocytes in whole blood.

18. The method of claim 12, wherein the monocyte-containing reagent is present in said
assay system at a cell density of at least or about 250,000 cells per well, at least or about
500,000 cells per well, at least or about 600,000 cells per well, at least or about 700,000 cells
per well, at least or about 800,000 cells per well, at least or about 900,000 cells per well, at least
or about 1,000,000 cells per well, at least or about 1,100,000 cells per well, at least or about
1,200,000 cells per well, at least or about 1,300,000 celis per well, at least or about 1,400,000
cells per well, at least or about 1,500,000 cells per well, at least or about 1,600,000 cells per
well, at least or about 1,700,000 cells per well, at least or about 1,800,000 cells per well, at least
or about 1,800,000 cells per well, at least or about 2,000,000 cells per well, wherein the ceall
density does not exceed a maximum cell density at which insufficient cell nutrients exist in the

volume of reagent within the well to properly maintain the cells in the well.
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18.  The method of any one of claims 1 fo 18, wherein the monocyte-containing reagent

comprisas whole blood.
20. The method of claim 19, wherein the whole blood comprises human whole blood.

21. A method of testing a sample, comprising the steps of: combining a monocyte-containing
reagent and a sample to be tested in a first assay system which includes at least one microtiter
well shaped such that the monocyte-containing reagent is concentrated to provide greater cell to
cell contact as compared fo a flat-bottomed microtiter well, wherein the surface of the microfiter
well comprises a polypropylene coating or thé entire microtiter well is composed of
polypropylene; incubating the monocyte-containing reagent and the sample; transferring the
contents of the first assay system to a second assay system which comprises at least one
surface freated with an antibody to the cytokine or endogenous mediator of the inflammatory
response; and assaying the second assay system for the presence of cytokine or endogenocus
mediator bound to the antibody on the surface, whereby the sample is tested.

22. A method of testing a sample, comprising the steps of: combining a monocyte-containing
reagent and a sample to be tested in a first assay system combrising (i) at feast one microfiter
well shaped such that the monocyte-containing reagent is concentrated o provide greater cell to
cell contact as compared fo a flat-bottomed microtiter well, wherein the surface of the microtiter
well comprises a polypropylene coating or the entire microtiter well is composed of
polypropylene and (if) at least one surface treated with an antibody to the cytokine or
endogenous mediator of the inflammatory response; incubating the monocyte-containing
reagent and the sample; and assaying the assay system for the presence of cytokine or

aendogenous mediator bound to the antibody on the surface, whereby the sample is tested.

23.  The method of claim 21-or 22, wherein the sample is a pharmaceutical, nutrient, or

medical product.

24.  The method of any one of claims 21 to 23, wherein the cyickine or endogenous mediator

of the inflammatory response is a proinflammatory cytokine or a Thi cytokine.

25.  The method of claim 24, wherein cytokine or endogenous mediator of the inflammatory

response is TNF-alpha, il-2, IFN, or {L-8.
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28, The method of any one of claims 21 to 25, wherein the microtiter well comprises an open
an upper region extending downwardly from the open top, and a botiom wall fapering in

diameter from a location above the lowest point to the lowest point.

27. The method of any one of claims 21 to 25, wherein the microtiter well comprises an open
top, an upper region extending downwardly from the open top having a top end and a bottom
end, and a bottom region having a top end and a lowest point, the bottom region extending from
the bottom end of the upper region and tapering in diameter more rapidly than the upper region
from the fop end of the bo%iom region toward the lowest point.

28.  The method of claim 26, wherein the botlom wall of said microtiter well is non-planar,
curved, parabolic or downwardly extending, or the sides of said microtiter well are sloped

inward.

26, The method of any one of claims 21 fo 28, wherein the monocyte-containing reagent

comprises peripheral blood mononuclear cells or monocytic celf line cells.

30, The method of claim 29, wherein the monoccytic cell line comprises a human monocytic
cell line selected from the group consisting of: MONOMAC-6, THP-1, 285C, and a cell iine
having endogenous CD14 and Toll-like receptors or which has been transfected with CD14

and/or Toll-like receptors and/or reporter genes for inflammatory or pyrogenic mediators.

31. The method of any one of claims 21 to 30, wherein the monocyte-coniaining reagent
comprises a number of cells sufficient o provide at least or about 125,000 cells per well of the

first assay system.

32.  An invitro pyrogen test, comprising the steps of:

(a) combining a monocyte-containing reagent and a sample to be tested in a first
assay system which includes a microtiter plate comprising a plurality of microtiter
wells, shaped such that the monocyte-containing reagent is concentrated to
provide greater cell fo cell contact as compared to a flat-bottorned microtiter well

wherein the bottom wall of each microtiter well is non-planar, curved, paraboilic or
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{b)

@

downwardly extending and wherein the surface of each microtiter well comprises

a polypropylene coating or the entire microtiter well is composed of

polypropylene;

" incubating the monocyte-containing reagent and the sample, wherein, when the

sample comprises a pyrogen, the monocyte-containing reagent produces a
cytokine or an endogenous mediator of the inflammatory response;

transferring the contents of the first assay system to a second assay system
which comprises at least one surface freated with an antibody to the cytokine or
endogenous mediator of the inflammatory response; and

assaying the second assay system for the presence of cytokine or endogenous
mediator bound to the antibody on the surface whereby an elevated level of the
cytokine or endogenous mediator bound to the surface indicates the presence of

pyrogens in the sample tested.

An in vitro pyrogen test, comprising the steps of:

(a)

combining a monocyte-containing reagent and a sample to be tested in a firsi
assay system comprising (i) a microtiter plate comprising a plurality of microtiter
wells, shaped such that the monocyte-containing reagent is concentrated to
provide greater cell to cell contact as compared fo a flat-bottomed microtiter well,
wherein the botlom wall of each microtiter well is non-planar, curved, parabolic or
downwardly exfending and wherein the surface of each microtiter well comprises
a polypropylene coating or the entire microtiter well is composed of
polypropylene and wherein, when the sample comprises a pyrogen, the
monocyte-containing reagent produces a cytokine or an endogenous mediator of
the inflammatory response, and (ii) at least one surface treated with an antibody
io the cytokine or endogenous mediator of the inflammatory response;

incubating the monocyte-containing reagent and the sample; and

assaying the assay system for the presence of cytokine or endogenous mediator
bound fo the aniibody on the surface whereby an elevated level of the cytokine or
endogenous mediator bound to the surface indicates the presence of pyrogens in

the sample lested.
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34, The in vitro pyrogen test of claim 32 or 33, wherein the sample is a pharmaceutical,
nutrient, or medical product.

35, The in vifro pyrogen test of any one of claims 32 to 34, whersin the

VY [ L w1

endogenous mediator of the inflammatory response is a proinflammatory cytokine or a Th1

cytokine.

36.  The in vitro pyrogen test of any one of claims 32 to 34, wherein the cytokine or
endogenous mediator of the inflammatory response is 1L-2, IFN, [L-1, lL-1ra, 1L-8, I1L-8, TNF- g,

or endothelin.

37. The in vitro pyrogen test of claim 32 or 33, wherein the sides of said microtiter well are

sloped inward.

38.  The in vitro pyrogen test of any one of claims 32 to 37, wherein the monocyte-containing
reagent comprises peripheral blood mononuclear celis or monogytic cell line cells, optionaily,
wherein the monocytic celt line comprises a human monooytic cell line selected from the group
consisting oft MONOMAC-6, THP-1, 285C, and a cell line having endogenous CD14 and Toll-
like receptors or which has been transfected with CD14 and/or Toll-like receptors and/or

reporter genes for inflammatory of pyrogenic mediafors.

39. The in vitro pyrogen test of any one of claims 1 {o 7, wherein the monocyte-containing
reagent comprises a number of cells sufficient to provide at least or about 125,000 cells per well

of the first assay system.

40. A diagnostic kit for use in the in vitro pyrogen test of any of the preceding claims,
comprising (i) an assay system comprising a microtiter plate comprising a plurality of microtiter
wells, each well shaped such that, when a monocyte containing reagent is present in the
microtiter wells, the monocyte-containing reagent is concentrated to provide greater celf to cell
contact, as compared to a flat-bottomed well, wherein the bottom wall of each microtiter well is
non-planar, curved, parabolic or downwardly extending and wherein the surface of each well
comprises a polypropylene coating or the entire well is composed of polypropylene, and (i) a
cryopreserved monocyte containing reagent comprising cryopreserved whole blood,

cryopreserved peripheral blood mononuclear cells (PBMCs), or cryopreserved monocytic cell
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line cells; and, wherein either the assay system further comprises at least one surface treated
with an antibody {o a cytokine or endogenous mediator of an inflammatory response, or the kit
one surface treated with an antibody to a
cytokine or endogenous mediator of an inflammatory response, wherein the cytokine or

endogenous mediator is one that is produced by the monocyte-containing reagent.

41. The diagnostic kit of claim 40, wherein the cytokine or endogenous mediator of an
inflammatory response is 1L-2, IFN, 1L-1, IL~1ra, {L-6, {L-8, TNF- o, or endothelin.

42, The diagnostic kit of claim 40, wherein each microtiter well of the microtiter plate

comprises cryopreserved monocytes, optionally at the optimun;t number.of cells per weil.

43, The diagnostic kit of claim 40, wherein the cryopreserved peripheral blood mononuclear
cells or cryopreserved monocytic cell line celis are present in a well of the microtiter plate at a

cell density of at least about 250,000 cells per weil,

44, The diagnostic kit of claim 40, wherein the cryopreserved whole blood is present in a
well of the microtiter plate at a cell density of at least about 100,000 PBMCs per well.

45, A diagnostic kit comprising: a cryopreserved monocyte-containing reagent a microtiter
plate comprising a plurality of microtiter wells shaped such that the monocyte-containing
reagent is concentrated to provide greater cell to cell contact as compared to a flat-bottomed
microtiter well, wherein each microtiter well comprises a bottom wall that is non-planar, curved,
parabolic or downwardly extending, wherein the surface of the microtiter well comprises a
polypropylene coating or the entire microtiter well is composed of polypropylene and either the
assay system further comprises atf least one surface treated with an antibody to a cytokine oran-
endogencus mediator of an inflammatory response, or the kit comprises a second assay system
comprising at least one surface treated with an antibody to a cytokine or an endogenous
mediator of an inflammatory response, wherein the cytokine or endogenous mediator of an
inflammatory response is a cytokine or endogenous mediator of the inflammatory response that
is produced by the monocyte-containing reagent when exposed to a sample that comprises a

pyrogen.
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