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COMPOSITIONS FOR PERMEABILISING FIXED BLOOD CELLS AND USES THEREOF

Cross Reference to Related Applications

This application is being filed on 23 December 2013, as a PCT International

Patent application and claims priority to U.S. Patent Application Serial No.

61/747,044 filed on 28 December 2012, the disclosure of which is incorporated

herein by reference in its entirety.

Description

[001] The present invention relates to a cell treatment composition for the

permeabilization of fixed blood cells, to the use of said cell treatment composition

and to a method for treating a biological sample comprising fixed white blood cells

for the subsequent analysis of intracellular and/or extracellular epitopes, for example

phospho-epitopes. The present invention further relates to a kit comprising said cell

treatment composition.

[002] Recent developments in the analysis of cells, e.g. blood cells, have provided

valuable tools for the detailed analysis of cellular structures, both within the cells

and on the cell surface. The cells are usually stained with multiple labeled binding

agents such as monoclonal antibodies specific for defined extracellular and/or

intracellular markers in order to detect the presence of respective cellular structures

and thereby to identify particular cells of interest. For example, different subsets of

leukocytes are commonly differentiated by using specific cellular surface markers

while various intracellular markers, e.g. cytoplasmic or nucleus associated

structures, are becoming more important for studying functional characteristics of

the investigated cells. The cells labeled by said specific binding agents can then be

analyzed by a suitable device, preferably a flow cytometer, which is able to detect

and distinguish between the various labels and other cellular properties like

granularity and size.



[003] While early applications of flow cytometry have been mainly concerned with

the detection of cell surface antigens, which were readily accessible via respective

antibodies, the labeling of intracellular target sites poses a greater challenge, as it

requires a special pretreatment of the cells in order to make the cell membrane

permeable to the respective binding agents which are specific for intracellular target

sites. Such permeabilization is a critical step as the cell membrane must be made

sufficiently permeable to large molecules like fluorescence-labeled antibodies. At

the same time the cellular structure of the different cell populations needs to stay

sufficiently conserved, so the respectively characteristic light scatter properties are

maintained and cytoplasmic proteins are not lost to the extracellular space but

remain localized within the cell. A fixation step is commonly used before or together

with the permeabilization step to provide such stabilization. This structural

conservation becomes more difficult when the conditions of conservation are more

stringent, i.e. when stronger protein denaturing procedures are applied.

[004] The required fixation reaction frequently comprises the use of aggressive

reagents like e.g. formaldehyde, which can destroy or at least reduce the

accessibility of surface antigens that are used for differentiating cellular subtypes via

respective binding agents. Therefore some earlier methods comprised an initial step

for labeling cell surface structures with respective labeled binding agents.

Subsequently the cells were fixed, permeabilized and treated with different binding

agents specific for intracellular targets. The so labeled cells were then detected and

categorize, e.g. in a flow cytometer. However, in permeabilization procedures as

they are presently used, the required components (formaldehyde, alcohol and

detergent) are not compatible with each other and with the subsequent use of

antibodies as binding agents. Multiple washing steps of the cells are therefore

needed in order to get rid of interfering reagent residues. However, the harsh

conditions of such a treatment can easily abolish the antigenic reactivity of some

more sensitive cellular surface antigens which are frequently used to identify

respective target populations, e.g. CD 14.

[005] In the context of cell signal transduction, proteins are often subject to

reversible phosphorylation. This dynamic phosphorylation process involves



competing phosphorylation and dephosphorylation reactions, and the level of

phosphorylation at any given instant reflects the relative activities, at that instant, of

the protein kinases and phosphatases that catalyze these reactions. Analysis of

phospho-epitopes can therefore give valuable realtime insights into the regulation of

signaling and metabolism processes within an individual cell. Thus, for research and

diagnostic applications the analysis of the phosphorylation state of various signal

transduction enzymes like phosphokinases, e.g. mitogen-activated protein kinases, is

becoming more and more important. An important application of such

phosphorylation studies is for example the treatment of cancer or autoimmune

diseases, where the phosphorylation or dephosphorylation of certain phospho-

epitopes can be indicative of the effectiveness of phosphokinase inhibitor drugs,

either administered to a patient or tested in vitro.

[006] It is well established that phospho-epitopes are generally difficult to expose

(or "unmask") to respectively specific binding agents. In some cases, these epitopes

are linear epitopes that may require denaturation of the protein at the epitopic site for

effective antibody binding. The phospho-epitope of the phosphorylated Stat-5

protein is an example of a phospho-epitope which is especially difficult to expose.

Generally very stringent denaturation conditions would be required to expose such

epitopes. However, there is a significant risk that the cellular structure as well as

intra- and extracellular epitopes are severely damaged by such an aggressive

treatment.

[007] According to conventional methods the detection of phospho-epitopes like p-

Stat-5 requires the incubation with alcohols in order to unmask such epitopes.

However alcohols may also change the cellular structure and destroy cell surface

markers. Also, its use limits subsequent analysis and at least one centrifugation step

is required to separate the alcohol from the treated cells.

[008] Whenever samples comprising red blood cells, for example peripheral blood

samples, are used for analysis, the lysis of these red blood cells is an important but

cumbersome step. As white and red blood cells are comprised in whole blood at a

ratio of about 1/1000, a preferably complete red blood cell lysis is necessary to be

able to distinguish or differentiate the white blood cells.



[009] Therefore, the technical problem underlying the present invention is to

provide improved compositions, methods and kits for the treatment of fixed cells,

particularly leukocytes or subclasses thereof, in order to render intracellular

epitopes, such as phospho-epitopes, accessible to respectively specific binding

agents while maintaining the accessibility of extracellular epitopes for

corresponding binding agents. There is a need for an easy and practical method for

the simultaneous analysis of extracellular targets and difficult to expose intracellular

targets like certain phospho-epitopes. Preferably such a method shall be fast, easily

automatable and not very labor intensive, would not require an alcohol treatment

step and would allow for the use of binding agent cocktails, including binding agents

directed against both intracellular and extracellular targets.

[010] The solution to the above technical problem is achieved by the cell treatment

composition for the permeabilization of fixed blood cells described herein and the

embodiments characterized in the claims.

[011] An aspect of the present invention relates to a cell treatment composition for

the permeabilization of fixed blood cells, comprising an aqueous solution of

(a) at least one anionic surface active agent which is comprised in said

composition in a concentration of between 0.3% and 2% (w/v), wherein a

salt of said anionic surface active agent is represented by the formula (1):

Y- S03- X+ (1)

wherein Y is either R —O or R , and R represents an alkyl, alkylene, aryl,

alkylene-alkyl, aryl-alkyl or aryl-alkylene group having 8 to 18 carbon atoms

and X represents a monovalent cation, and

(b) serum albumin which is comprised in said composition in a concentration

of between 0.2% and 20% (w/v), wherein the pH of said cell treatment

composition is between about 2 and about 6.

[012] According to this aspect of the invention relatively high concentrations of an

anionic surface active agent are combined with a protective treatment of the cells,

namely the use of serum albumin at an acidic pH value. Surprisingly it has been



found that, at an acidic pH, serum albumin can bind to proteins and provide

sufficient protection even against the strong denaturing effects of an elevated

concentration of an anionic surface active agent. This protective effect of serum

albumin was observed to be much less pronounced at higher pH values. Therefore,

according to an embodiment of the invention, highly stringent denaturing conditions

are used to denature and expose otherwise poorly accessible epitopes, such as

certain phospho-epitopes, e.g. pStat-5, pStat-3, pStat-1, p-ERKl/2, or p-S6, while

the structural integrity of the analyzed cells and their sub-cellular components is

effectively protected via the simultaneous use of serum albumin at an acidic pH.

[013] In a preferred embodiment the cell treatment composition comprises from

0.2% to 20% (w/v) of serum albumin at a pH of between 2 and 6, wherein the pH of

the cell treatment composition is between 2 and 6, may be between 2.5 and 5.5, may

be between 3 to 5, may be between 3.5 and 4.7, may be between 4.0 and 4.4 and is

often about 4.2.

[014] The cell treatment composition according to the present invention is

especially adapted to treating fixed blood cells. The term "fixed blood cells"

comprises blood cells that have been treated with a sufficient amount of a fixative,

1. e. a crosslinking agent like formaldehyde, paraformaldehyde, formalin or the like

in order to stabilize the overall cellular and subcellular structures. A skilled artisan is

well aware of fixative agents suitable for this purpose. Without prior fixation, the

cells could be severely damaged by the stringent denaturing conditions provided by

the cell treatment composition of the present invention.

[015] In a preferred embodiment the cell treatment composition is used for the

permeabilization of white blood cells and the unmasking of epitopes, in particular

phospho-epitopes, comprised within the white blood cells. Prior to the use of the cell

treatment composition the white blood cells from a peripheral blood sample, for

example, whole blood sample, are fixed by subjecting them to formaldehyde or

another aldehyde comprising fixation agent in a concentration of from 2% to 6% or

from 3% to 5% or preferably about 4% (w/v) . The fixation does not only protect the

cells against degradation but also freezes the cell in a state of phosphorylation,

blocking the action of phospho-kinases and phosphorylases, which is essential for



the purpose of detecting the actual activation, i.e. phosphorylation status of the

analyzed phospho-epitopes. Otherwise subsequent cell treatment steps, like the

labeling of intra- and/or extracellular structures of said cells with specific binding

agents, could modify the activation pattern of the analyzed cells, thereby distorting

the obtained results.

[016] The cell treatment composition according to the present invention is suitable

for use with fixed blood cells, in particular leukocytes (also called white blood cells)

and various subclassifications of leukocytes, including but not limited to monocytes,

lymphocytes, granulocytes, neutrophils, eosinophils, and basophils. The blood cells

may be acquired using known techniques from either peripheral blood or tissues,

particularly from mammals, including humans, mice, rats, goats, etc. The cell

treatment compositions according to the present invention are especially adapted to

treating fixed blood cells from human peripheral blood samples. An example of a

suitable tissue derived sample is murine splenocytes.

[017] The term "anionic surface active agent" shall also comprise anionic

detergents, anionic surfactants, and anionic tensides. The anionic surface active

agent comprises an anionic function group and a hydrophilic part. The anionic

function group is preferably sulfate or sulfonate. The hydrophilic part preferably

comprises an alkyl-group, aryl-group or alkyl-aryl group of between 8 and 18

carbon atoms.

[018] Said anionic surface active agent is contained in the cell treatment

composition in a relatively high amount of between 0.3% and 2% (w/v) and both

plays a major part in the permeabilization of the cellular membrane and in the

"unmasking" of intracellular epitopes. The term of "unmasking an epitope" shall

indicate that the accessibility of such an "unmasked" epitope for a corresponding

detectably labeled binding agent is established or at least increased as opposed to the

"masked" version of the epitope. In other words the process of "unmasking" allows

for the detection of cellular structures, e.g. via antibodies, that were not recognizable

by said antibodies before this process.



[019] The term "permeabilization" as used herein relates to the process of making

cell membranes permeable to large molecules like antibodies and/or larger

fluorophores like phycoerythrin or allophycocyanin or conjugates thereof without

destroying the overall structure of said cells.

[020] Within this application the term "epitope" shall comprise any target binding

site that can be recognized by a specific binding agent such as polyclonal or

monoclonal antibodies or an immunoactive fragment thereof, e.g., F(ab)'2, Fab or

Fab' fragments'. A "target binding site" may be for example at least a part of a

protein or at least a part of another molecule present within or on the surface of a

cell. The term "specific binding agent" as used herein, shall indicate a binding agent

that is capable of recognizing and binding specifically to only one or a limited

number of similar epitopes while basically not recognizing and not binding to other

epitopes.

[021] Present clinical research is focused on the analysis of cellular signaling

pathways and their regulation, for example in response to drug administration. Such

signaling pathways comprise the activation, which is often a specific

phosphorylation, of one or more defined activatable molecules, mostly signaling

proteins that can be phosphorylated. Within the scope of this application the term

"activatable molecule" shall describe a molecule that can be activated, i.e. switched

from an inactive state to an active state, by extrinsic influence, e.g. via a

phosphorylation reaction triggered by another molecule. So in one example an

activatable molecule may be a cytoplasmic protein that can be phosphorylated or de-

phosphorylated at specific positions.

[022] The detection of phosphorylated molecules, e.g. phospho-proteins, is highly

desired but frequently the specific phosphorylated sites of such molecules are

"masked" and difficult to target via e.g. phosphorylation state specific antibodies.

Prior art methods are so far not providing satisfactory solutions to this problem. The

use of highly stringent cell treatment conditions, which would be required especially

for the unmasking and subsequent detection of phosphor-proteins, was so far

restricted by the fact that such conditions can easily destroy or severely damage the

integrity of the cellular structure and the antigenic sites. Therefore the use of



stringent cell treatment conditions, e.g. via employing high amounts of detergent,

was not a suitable option so far.

[023] The terms "phospho-epitope", "phosphorylated target" and "phosphorylation

site" are used interchangeably herein and shall indicate a defined location of a

cellular structure, preferably of an intracellular protein, that may exist in a

phosphorylated and a dephosphorylated state. A "phospho-epitope" may serve as an

activation state specific recognition site for specific binding agents, e.g. monoclonal

antibodies, which are capable of specifically recognizing either the phosphorylated

or the dephosphorylated form. By detecting the phosphorylation status of "phospho-

epitopes", e.g. via flow cytometric methods, phosphorylation based cell signaling

can be conveniently studied.

[024] According to an embodiment of the invention the cell treatment composition

comprises at least one salt of an anionic surface active agent selected from the group

consisting of sodium dodecyl sulfate (SDS), potassium dodecyl sulfate, ammonium

dodecyl sulfate and sodium dodecylbenzenesulfonate. In a preferred embodiment the

anionic surface active agent comprised in the cell treatment composition is dodecyl

sulfate, preferably in the form of SDS. Generally, the monovalent cation of formula

(1) is preferably one or more selected from the group of Li+, Na+ and K+ and

ammonium.

[025] In an embodiment the anionic surface active agent is represented by the

formula (1), wherein R represents an alkyl, alkylene, aryl, alkylene-alkyl, aryl-alkyl

or aryl-alkylene group having 10 to 18 carbon atoms. Preferably R represents an

alkyl or aryl-alkyl group having 12 to 18 carbon atoms.

[026] In a preferred embodiment the anionic surface active agent is represented by

the formula (1), wherein R represents an alkyl group having 8 to 16 carbon atoms,

preferably 10 to 14 carbon atoms.

[027] In an embodiment R represents a linear or branched alkyl group. In another

embodiment R comprises a benzene part and an alkyl part, wherein the alkyl part is

branched or linear and covalently linked to the benzene part.



[028] In an embodiment R comprises an alkyl, aryl or aryl-alkyl group having 12

to 18 carbon atoms, wherein one carbon atom is substituted by an atom selected

from the group consisting of O, N and S.

[029] An alkyl group is a functional group or side-chain that may be linear or

branched and consists solely of single-bonded carbon and hydrogen atoms.

[030] An aryl group is a functional group or substituent derived from an aromatic

ring, for example phenyl.

[03 1] An aryl-alkyl group consists of an alkyl group and an aryl group wherein the

alkyl group and the aryl group are covalently linked.

[032] In another embodiment of the invention the salt concentration of the cell

treatment composition is adjusted such that a basically physiological salt

concentration is attuned when a fixed biological sample and the cell treatment

composition are combined. With varying sample volumes and types the salt

concentration of the cell treatment composition may have to be adjusted

accordingly. The ionic strength of a basically physiological salt concentration is

moderate and thus provides a protective function for the cellular structures as well as

for the antibodies which are used during subsequent analysis. In order to provide

such a moderate ionic strength the conductivity of the cell treatment composition is

preferably higher than 9 mS/cm.

[033] In another embodiment the cell treatment composition comprises essentially

no alcohol.

[034] According to another embodiment of the invention, the pH value of the cell

treatment composition is adjusted such, that when a biological sample comprising

fixed white blood cells and the cell treatment composition are combined, the pH

value of this combination shall be between 5 and 7 or between 5.1 and 6.8 or

between 5.2 and 6.6 or between 5.3 and 6.4 or between 5.35 and 6.3 or between 5.4

and 6.2 or between 5.45 and 6.1 or between 5.5 and 6.0 or between 5.55 and 5.9 or

between 5.6 and 5.8 or may be about 5.7.



[035] Apart from the protective function of serum albumin at acidic conditions, an

acidic environment also attenuates negative charges on proteins and favors

hydrophobic interactions, leading to an additional fixation of the cells. In the case of

the present invention, when cellular lysis is performed in the presence of an anionic

detergent, the acidic condition also attenuates the negative charge of the detergent

and thereby renders the detergent less aggressive.

[036] Thus, the cell treatment composition according to this aspect of the invention

advantageously is effective to lyse red blood cells, permeabilize cellular membranes

and provide additional fixation of white blood cells and unmask/expose cellular

epitopes, especially intracellular phospho-epitopes, in one single step.

[037] According to an embodiment, the present invention relates to a cell treatment

composition as given above, wherein said anionic surface active agent is comprised

in said cell treatment composition in a concentration of between 0.3 and 2% (w/v) or

in a concentration of between 0.4 and 1.9% (w/v) or in a concentration of between

0.45 and 1.8% (w/v) or in a concentration of between 0.5 and 1.7% (w/v) or in a

concentration of between 0.55 and 1.6% (w/v) or in a concentration of between

0.6% and 1.5% (w/v) or in a concentration of between 0.65 and 1.4% (w/v) or in a

concentration of between 0.7 and 1.3% (w/v) or in a concentration of between 0.8

and 1.2% (w/v) or in a concentration of between 0.3 and 2% (w/v) or in a

concentration of between 0.9% and 1.1% (w/v) or in a concentration of about 1.0 %

(w/v).

[038] As discussed above it was surprisingly found that the combined use of serum

albumin at acidic conditions and an elevated concentration of an anionic surface

active agent resulted in a successful cell permeabilization and a very efficient

unmasking of intracellular epitopes while cellular structures remained basically

conserved.

[039] In an embodiment the cell treatment composition comprises from 0.9% to

1.3 % (w/v), preferably from about 1 to 1.1 % (w/v), of sodium dodecyl sulfate

(SDS) as an anionic surface active agent. Such cell treatment compositions were

especially effective for unmasking. In control experiments using cell treatment



compositions comprising an anionic surface active agent in a concentration of more

than 2% (w/v) a negative effect with regard to the stability of the cellular structure

was observed.

[040] According to an embodiment, the present invention relates to a cell treatment

composition as given above, wherein said anionic surface active agent is sodium

dodecyl sulfate (SDS) or sodium dodecylbenzenesulfonate (SDBS).

[041] SDS is a very common, easily available and non-toxic detergent. While cost-

efficient, SDS is a very potent detergent and ideally suited to be comprised in the

present cell treatment composition used as an anionic surface active agent.

[042] The SDS molecule comprises a highly polar part and a highly hydrophobic

part. It is considered as one of the strongest protein denaturing anionic detergents. In

the acidic environment of the cell treatment composition the charge and polarity of

SDS are somewhat attenuated. However, the detergent will bind to the regions of

interest adding negative charges to the proteins inducing their denaturation and will

restore its full capacity when the cells are subsequently washed and taken up in a

neutral incubation reagent as described below. Less strong anionic detergents, non-

ionic detergents, zwitterionic detergents or glycosides like saponin, will add no or

less negative charges in an acidic environment and will not or less efficiently

denature proteins as compared to the way that SDS denatures proteins.

[043] When SDS and serum albumin are combined at acidic conditions in the

presence of elevated salt concentrations, a transitory white precipitation can be

observed. Apparently, complexes of SDS and serum albumin can easily change from

a state of insolubility to a state of solubility. Most probably, this is due to the easy

transition of SDS from a state of aggregated micelles to a state of soluble micelles.

Precipitation of these complexes in a microenvironment of cellular proteins may

provide additional fixation to cellular components and to the structure of the cell as a

whole. In the present invention, this additional fixation at acidic conditions is

provided to white blood cells, but not to the red blood cells, which are lysed by the

treatment.



[044] While SDBS has, as compared to SDS, a similar potential to permeabilize

fixed cells and to unmask phospho-epitopes contained therein, SDS seems to be

having a better protective effect on sensitive surface structures like for example the

CD 14 antigen (see example 4).

[045] According to a further embodiment, said anionic surface active agent of the

cell treatment composition is either SDS or SDBS or a combination of SDS and

SDBS, wherein the cumulative concentration of said SDS, SDBS or SDS and SDBS

is between 0.3 and 2% (w/v) or between 0.4 and 1.9% (w/v) or between 0.45 and

1.8% (w/v) or between 0.5 and 1.7% (w/v) or between 0.55 and 1.6% (w/v) or

between 0.6% and 1.5% (w/v) or between 0.65 and 1.4% (w/v) or between 0.7 and

1.3% (w/v) or between 0.8 and 1.2% (w/v) or between 0.3 and 2% (w/v) or

between 0.9% and 1.1% (w/v) or about 1.0 % (w/v).

[046] According to an embodiment, the present invention relates to a cell treatment

composition as given above, wherein said serum albumin is mammalian serum

albumin, preferably bovine serum albumin.

[047] Serum albumin is naturally present in the mammalian blood. In an

embodiment, the cell treatment composition of the present invention comprises one

or more selected from the group consisting of human serum albumin, bovine serum

albumin, horse serum albumin or serum albumin from other mammalian sources.

[048] Serum albumin has a protective effect with regard to cells and antigens,

especially at an acidic pH (see example 5). In a further embodiment, the cell

treatment composition of the present invention comprises serum albumin in a

concentration of between 0.2% and 15% (w/v) or between 0.4% and 14% (w/v) or

between 0.6% and 13% (w/v) or between 0.8% and 12% (w/v) or between 1.0% and

11% (w/v) or between 1.2% and 10% (w/v) or between 1.4% and 9% (w/v) or

between 1.6% and 8% (w/v) or between 1.8% and 7% (w/v) or between 2.0% and

6% (w/v) or between 2.1% and 5% (w/v) or between 2.2% and 4% (w/v) or between

2.3% and 3% (w/v) or between 2.4% and 2.7% (w/v) or about or between 2.5%

(w/v),. A cell treatment composition comprising serum albumin in a concentration

of less than 0.2% (w/v) is rather ineffective for protecting the cell structure and



cellular antigens. Optimal protection will be obtained at a concentration of at least

2% (w/v) while optimal unmasking of for phospho-proteins will occur at

concentrations of less than 3% (w/v). Too high concentrations of serum albumin

(over 20% (w/v)) will attenuate the effect of the detergent on the unmasking of

antigenic sites of the phospho-proteins.

[049] According to a preferred embodiment the concentration of the serum

albumin concentration comprised in the cell treatment composition is adjusted thus,

that in the resulting mixture of step (b) the combined serum albumin concentration

of the mammalian serum albumin comprised in the analyzed mammalian biological

sample and the added serum albumin, e.g. bovine serum albumin, added via the cell

treatment composition of the present invention in step (b), is between 0.2% and 15%

(w/v) or between 0.4% and 14% (w/v) or between 0.6% and 13% (w/v) or between

0.8% and 12% (w/v) or between 1.0% and 11% (w/v) or between 1.2% and 10%

(w/v) or between 1.4% and 9% (w/v) or between 1.6% and 8% (w/v) or between

1.8% and 7% (w/v) or between 2.0% and 6% (w/v) or between 2.1% and 5% (w/v)

or between 2.2% and 4% (w/v) or between 2.3% and 3% (w/v) or between 2.4% and

2.7% (w/v) or about or between 2.5% (w/v). The pH of said mixture shall be

between 5 and 7 or between 5.1 and 6.8 or between 5.2 and 6.6 or between 5.3 and

6.4 or between 5.35 and 6.3 or between 5.4 and 6.2 or between 5.45 and 6.1 or

between 5.5 and 6.0 or between 5.55 and 5.9 or between 5.6 and 5.8 or may be about

5.7. In a preferred embodiment, the acidic serum albumin of said mixture is buffered

by serum albumin itself and preferably also by the addition of a small quantity of

phosphate, wherein the phosphate is comprised in the mixture in a concentration of

less than 20mM or less than 16mM or less than 12mM or less than 9mM or less than

6mM or less than 4mM or about 2mM.

[050] According to an embodiment, the present invention relates to a cell treatment

composition as given above, wherein the pH of said treatment composition is

between 3 and 5.5. According to a further embodiment, the pH of the cell treatment

composition according to the present invention is between 3.8 and 4.6, preferably

around 4.2.



[051] Preferably the pH of the cell treatment composition should be between 2 and

6 or between 2.3 and 5.8 or between 2.6 and 5.6 or between 2.9 and 5.4 or between

3.2 and 5.2 or between 3.4 and 5.0 or between 3.6 and 4.9 or between 3.7 and 4.7 or

between 3.8 and 4.6 or between 3.9 and 4.5 or between 4.0 and 4.4 or between 4.1

and 4.3 or about 4.2.

[052] According to an embodiment, the present invention relates to a cell treatment

composition as given above, wherein said treatment composition further comprises a

chaotropic salt.

[053] The term "chaotropic salt" shall indicate a substance which is capable of

denaturing macromolecules such as proteins and nucleic acids, thereby disrupting

their structure. Chaotropic salts can also negatively influence the stability of cell

membranes by disrupting the hydrophobic regions of their lipid bilayers. Above a

certain concentration, this effect can ultimately lead to cell lysis.

[054] In an embodiment of the invention the cell treatment composition comprises

one or more selected from the group consisting of chloride salts, iodide salts and

perchlorate salts. In an embodiment the cell treatment composition comprises one or

more selected from the group consisting of magnesium chloride, guanidinium

chloride, sodium iodide, lithium perchlorate and sodium thiocyanate. In a preferred

embodiment the chaotropic salt comprised in the cell treatment composition is either

perchlorate or thiocyanate or a combination thereof. It has been found that these

chaotropic salts are especially suitable within the scope of the present invention due

to their capacity to decrease the pH locally in macromolecules.

[055] The chaotropic salt(s) advantageously provide additional denaturation

potential to the SDS. In a preferred embodiment the cell treatment composition

comprises a chaotropic salt selected from the group consisting of a salt of

perchlorate and of a salt of thiocyanate. The chaotropic salts of perchlorate and

thiocyanate are specifically effective in unmasking phospho-epitopes like p-Stat5.

Further the red blood cell lysis of the fixed blood is enhanced by both perchlorate

and thiocyanate. It is preferred to use a cell treatment composition comprising

perchlorate and/or thiocyanate instead of increasing the stringency, i.e. the



denaturation potential, of the cell treatment composition by just raising the

concentration of the anionic surface active agent contained therein. At overly high

concentrations of the anionic surface active agent there is an increasing risk, that cell

structures will become damaged. Thus it seems as if the chaotropic effect of

perchlorate or thiocyanate is complementary to the function of the anionic surface

active agent, e.g. SDS, and that it is more specific to the unmasking of the phospho-

epitopes like e.g. the p-Stat 5 epitope.

[056] In a further embodiment the cell treatment composition comprises a

chaotropic salt in a concentration of between 20 mM and 250 mM or between 50

mM and 230 mM or between 80 mM and 210 mM or between 110 mM and 190 mM

or between 130 mM and 170 mM or about 150 mM. A chaotropic salt concentration

of more than 250 mM may have detrimental effects on the integrity of the analyzed

cells.

[057] In an embodiment the cell treatment composition of this invention comprises

perchlorate and/or thiocyanate individually or in a combination in a cumulative

concentration of between 20 mM and 250 mM or between 50 mM and 230 mM or

between 80 mM and 210 mM or between 110 mM and 190 mM or between 130 mM

and 170 mM or about 150 mM.. At these concentrations the integrity of the treated

cell membranes is destabilized in a controlled manner, thereby assisting in the

permeabilization of the cells membranes. Also such concentrations which are close

to the approximate value of an iso-osmotic solution, the unfolding of phosphorylated

proteins like p-Stat5 is facilitated.

[058] According to an embodiment, the present invention relates to a combination

comprising a cell treatment composition as described above and a biological sample

comprising fixed white blood cells, wherein said combination has a pH value of

between 5.5 and 7.

[059] In an embodiment the combination comprises a cell treatment composition as

described above and a biological sample comprising fixed white blood cells selected

from the group consisting of a whole blood sample, a sample comprising isolated

subpopulations of leukocytes and a bone marrow sample. In a preferred embodiment



the biological sample is a whole blood sample, optionally treated with an

anticoagulant like ethylenediamine tetraacetic acid (EDTA), and of mammalian,

preferably of human origin.

[060] In a preferred embodiment the combination comprises 1000 µΐ of a cell

treatment composition as described above and 100 to 400 µΐ , preferably 160 to 250

µΐ and most preferred about 200 µΐ of a biological sample comprising fixed white

blood cells, wherein said combination has a pH value of between 5.5 and 7,

preferably a pH of about 5.6 to 6 and most preferred a pH of 5.7.

[061] The term "white blood cell" comprises all kinds of leukocytes, including

lymphocytes, monocytes and granulocytes. This invention is applicable to all

leukocytes that comprise intracellular activatable phosphor-proteins, which may be

unmasked by using the cell treatment composition and the related methods

according to the present invention.

[062] In an embodiment the biological sample comprises fixed lymphocytes. In

another embodiment the biological sample comprises fixed monocytes. In yet

another embodiment the biological sample comprises fixed granulocytes.

[063] According to another embodiment, the present invention relates to the use of

a cell treatment composition as described above for the treatment of an isolated

biological sample comprising fixed white blood cells.

[064] According to a preferred embodiment the invention relates to the use of a

cell treatment composition as described above for the permeabilization of fixed

white blood cells comprised in an isolated biological sample, preferably a whole

blood sample. According to an embodiment the fixed white blood cells were

obtained by treating a whole blood sample with a one or more fixatives selected

from the group of formaldehyde, paraformaldehyde and formalin. Preferably about

100 µΐ of a whole blood sample are fixed by addition of 60 µΐ of a formaldehyde

solution (10 % (w/v)).



[065] According to another embodiment the invention relates to the use of a cell

treatment composition as described above for the permeabilization of fixed white

blood cells comprised in an isolated biological sample, preferably a whole blood

sample, and for the lysis of red blood cells comprised in the isolated biological

sample.

[066] According to a preferred embodiment the invention further relates to the use

of a cell treatment composition as described above for the permeabilization of fixed

white blood cells comprised in an isolated biological sample, preferably a whole

blood sample, and for the lysis of red blood cells comprised in the isolated

biological sample and for the additional stabilization of the fixed white blood cells

and for the unmasking of intracellular epitopes comprised in the fixed white blood

cells.

[067] According to a preferred embodiment the invention further relates to the use

of a cell treatment composition as described above for the simultaneous

permeabilization of fixed white blood cell, the lysis of red blood cells, the

unmasking of intracellular epitopes comprised in the fixed while blood cells and an

for the additional stabilization of the fixed white blood cells in a single step, wherein

the cell surface epitopes of the fixed white blood cells are largely conserved during

these uses of the cell treatment composition.

[068] According to a further embodiment the invention further relates to the use of

a cell treatment composition as described above, wherein essentially no alcohol is

comprised in said cell treatment composition.

[069] Also according to an embodiment of the invention less centrifugation steps

are needed as in current procedures which require alcohol treatment. Therefore the

methods of the invention are easier and quicker to perform as compared to such

conventional methods.

[070] The present invention further relates to the use of a cell treatment

composition wherein the fixed white blood cells are permeabilized by means of a

cell treatment composition as described above and labeled by means of at least one



detectably labeled binding agent specific for an intracellular and/or extracellular

epitope.

[071] In an embodiment the fixed white blood cells are labeled with at least one

detectably labeled binding agent selected from the group consisting of a polyclonal

antibody, or monoclonal antibody or an immunoactive fragment thereof, wherein the

at least one detectably labeled binding agent is labeled with a detectable label,

preferably a fluorescence label, which makes it possible to identify said binding

agent via a suitable detection technology, for example to detect a fluorescence label

via fluorescence flow cytometry. In an embodiment of the invention the detectable

labels of the at least one binding agent are selected from one or more of the group

consisting of fluorescent labels, labels consisting of non-fluorescent chromophores,

Raman spectroscopy labels, radioactive labels and labels suitable for mass

spectrometric detection.

[072] In a preferred embodiment at least two, preferably all of the detectable labels

shall be distinguishable from other employed detectable labels, so that by detecting a

label an unambiguous identification of the corresponding binding agent and

ultimately the corresponding antigenic structure addressed by said binding agent is

possible.

[073] An embodiment of the invention relates to the use of a cell treatment

composition wherein the fixed white blood cells are labeled with at least one

detectably labeled binding agent specific for an intracellular epitope and at least one

detectably labeled binding agent specific for an extracellular epitope. Preferably

multiple detectably labeled binding agents specific for an intracellular epitope and

multiple detectably labeled binding agents specific for an extracellular epitope are

used.

[074] Example detectably labeled binding agents include without limitation the

following antibodies: Mouse anti-Stat5 (pY694)-PE (BD Biosciences Pharmingen

San Jose CA), Mouse Phospho-p44/42 MAPK (Erkl/2) (Thr202/Tyr204) (E10)

Alexa Fluor(®) 647 (Cell Signaling Technology Inc., Danvers, MA), Phospho-p38

MAPK (T180/Y182) Alexa Fluor(®) 488. (Cell Signaling Technology Inc.,



Danvers, MA), Phospho-Statl (Tyr701) (58D6) Alexa Fluor(®) 488. (Cell Signaling

Technology Inc., Danvers, MA), Phospho-Stat3 (Tyr705) (3E2) Alexa Fluor(®)

488. (Cell Signaling Technology Inc., Danvers, MA), Phospho-Akt (Ser473)

(Beckman Coulter Inc., Brea, CA, product No. A88915), Phospho-p44/42 MAPK

(Erkl/2) (Thr202/Tyr204) (Beckman Coulter Inc. product No. A88921), Phospho-

Stat3 (Tyr705) (Beckman Coulter Inc., Brea, CA, product No. A88925), Phospho-

p38 MAPK (Thrl80/Tyrl82) (Beckman Coulter Inc., Brea, CA, product No.

A88933), Phospho-S6 Ribosomal Protein (Ser235/236) (Beckman Coulter Inc.,

Brea, CA, product No. A88936), Phospho-Statl (Tyr701) (Beckman Coulter Inc.,

Brea, CA, product No. A88941), Phospho-SAPK/JNK (Thrl83/Tyrl85) (Beckman

Coulter Inc., Brea, CA, product No. A88944).

[075] In another embodiment the invention further relates to the use of a cell

treatment composition wherein fixed white blood cells are labeled by means of at

least one detectably labeled binding agent which is specific for a phospho-epitope,

preferably an intracellular phospho-epitope, either in the phosphorylated or the de-

phosphorylated state. In a preferred embodiment a detectably labeled binding agent

specific for Stat-5, preferably in its phosphorylated form, is used.

[076] According to one embodiment of the invention the detectably labeled

binding agent(s) are provided separately and added to a combination of a biological

sample comprising fixed white blood cells and a cell treatment composition

according to the present invention. According to another embodiment of the

invention the detectably labeled binding agent(s) are first combined with the cell

treatment composition according to the present invention. Subsequently the obtained

combination of detectably labeled binding agent(s) and the cell treatment

composition is added to a biological sample comprising fixed white blood cells.

[077] According to an embodiment the invention relates to the use of a cell

treatment composition as described above for preparing permeabilized white blood

cells with at least partially exposed intracellular phospho-epitopes for subsequent

labeling with detectably labeled binding agents and analysis in a flow cytometry

device, preferably a fluorescence flow cytometry device.



[078] In an embodiment the invention relates to the use of a cell treatment

composition for unmasking intracellular epitopes, preferably at least one phospho-

epitope, wherein no alcohol treatment of the fixed white blood cells is required for

the unmasking of said epitope(s). It is advantageous to avoid the use of alcohols,

because alcohols may interfere with other assay reagents, cellular surface markers

may be destroyed by the alcohol and additional centrifugation steps would be

required in order to separate the treated cells again from the alcohol prior to

analysis.

[079] A further aspect of the present invention relates to a method for treating an

isolated biological sample, said sample comprising at least white blood cells,

comprising the steps of:

(a) a fixation step comprising contacting said biological sample with a

fixative, wherein said fixative is added in a sufficient amount to achieve

at least partial cross-linking of proteins, lipoproteins and nucleic acid

molecules;

(b) a permeabilization step, subsequent to step (a), comprising contacting

said biological sample with the cell treatment composition according to

the present invention.

[080] According to an embodiment the invention relates to a method for treating an

isolated biological sample by subjecting it to a fixation step and subsequently

subjecting it to a permeabilization step in order to prepare said biological sample for

the cytometric analysis of intracellular and/or extracellular epitopes, preferably via a

flow cytometer. Preferably both at least one intracellular and at least one

extracellular epitope is labeled with respectively specific binding agents and

subsequently analyzed in a cytometer device.

[081] According to an embodiment the fixation step (a) comprises the contacting

of a biological sample comprising at least white blood cells with a sufficient amount

of a fixative (fixation reagent) to achieve at least partial cross-linking of the proteins,

lipoproteins and nucleic acid molecules of said white blood cells, whereby fixed

white blood cells are obtained, which are structurally conserved. In this context the



term "sufficient amount" shall mean, that the concentration of the fixative is selected

such that, when the fixative an the biological sample are combined, the resulting

fixative concentration is effective to stabilize the white blood cells in order to avoid

in the subsequent permeabilization step (b) a destruction of these cells or a loss of

cytoplasmic molecules through the permeabilized cellular membrane.

[082] Preferably an aldehyde based fixative like formaldehyde, paraformaldehyde

or the like is used. According to an embodiment the fixative is mixed with the

biological sample comprising at least white blood cells in such a ratio that the

resulting mixture comprises from 1 % to 10 % (w/v) or from 1 % to 10 % (w/v) or

from 1.5 % to 9 % (w/v) or from 2 % to 8 % (w/v) or from 2.5 % to 7 % (w/v) or

from 3 % to 6 % (w/v) or from 3.5 % to 5 % (w/v) or about 4 % (w/v) of the

fixative, e.g. formaldehyde. According to a preferred embodiment step (a) comprises

contacting 50 to 150 µΐ , preferably about 100 µ ΐ , of a whole blood sample with

about 30 µΐ to 90µ1, preferably about 60 µ ΐ , of a 10% Formaldehyde solution.

[083] According to an embodiment the method for treating an isolated biological

sample comprises a permeabilization step, subsequent to step (a), comprising

contacting the biological sample with the cell treatment composition according to

the present invention for permeabilizing the fixed white blood cells contained in the

biological sample and for unmasking intracellular epitopes, preferably phospho-

epitopes, comprised in the fixed white cells, and thereby preparing the cells for the

subsequent analysis of intracellular and/or extracellular epitopes.

[084] The expression "step Y, subsequent to step X" is used within this application

to indicate that a step Y is performed chronologically after step X, either directly

thereafter or after one or more other steps which follow step X.

[085] In an embodiment the method of the invention further comprises an

activation step (x), wherein the activation step (x) comprises the addition of an

activator reagent to an isolated biological sample comprising white blood cells,

wherein the activation reagent is adapted to trigger/activate at least one signal

transduction pathway within the white blood cells comprised in the biological

sample. For example, without limitation, suitable activator reagents may be one or



more selected from the group consisting of Lipopolysaccharide (LPS), CD40L,

phorbol 12-myristate 13-acetate (PMA), Transforming growth factor (TGF), Toll

like receptor 4 (TLR4) and Tumor necrosis factor (TNF-alpha).

[086] In an embodiment the method of the invention further comprises a cell

surface labeling step (y) prior to or concurrently with step (b), wherein the cell

surface labeling step (y) comprises the addition of at least one detectably labeled

binding agent specific for an extracellular epitope. For example, without limitation,

suitable extracellular epitopes may be one or more selected from the group

consisting of CD-3, CD-4, CD-8, CD-14, CD-15, CD-19 and CD-45. Preferably step

(y) comprises the addition of multiple detectably labeled binding agents specific for

an extracellular epitope.

[087] According to a preferred embodiment of the method of the invention a whole

blood sample is combined with a fixation reagent, preferably a 10% formaldehyde

solution, according to step (a), wherein the volume of the fixation reagent is from

about 40% to 80%, preferably about 60% of the volume of the whole blood sample.

Optionally an activator reagent according to step (x) and optionally at least one

detectably labeled binding agent specific for an extracellular epitope according to

step (y) are added to the biological sample, wherein the added volume of the

activator reagent is from about 0.5% to 10%, preferably about 1% of the volume of

the whole blood sample and the added volume of each detectably labeled binding

agent is from about 5% to 40%, preferably about 20% of the volume of the whole

blood sample.

[088] To permit the entrance of the serum albumin comprised in the cell treatment

composition into the cells, about 0.3%-2% (w/v) of an anionic surface active agent

are comprised in the cell treatment composition of the present invention. According

to an embodiment of the invention the biological sample is contacted in step (b) with

a cell treatment composition comprising either SDS or SDBS or a combination of

SDS and SDBS at a cumulative concentration of from 0.7% to 1.5% (w/v),

preferably from 1% to 1.1% (w/v). The protection by the acidic serum albumin is

provided to the white blood cells, but not to the red blood cells, which are therefore

lysed by the cell treatment composition.



[089] According to an embodiment the permeabilization step (b) is also effective to

expose intracellular epitopes, preferably phospho-epitopes, and making them

accessible ("unmasking" them) for subsequent detection by respectively specific

binding agents, e.g. monoclonal antibodies. An example of a potential phospho-

epitope of interest is the p-Stat5 epitope which is known to be generally difficult to

expose.

[090] In an embodiment of the invention step (b) comprises the unmasking of at

least one intracellular epitope, which may be present within the cell in a

phosphorylated and a de-phosphorylated state. Preferably multiple intracellular

epitopes are unmasked in step (b) of the present invention.

[091] According to another embodiment of the invention the methods of the

invention do not require an alcohol step in order to unmask intracellular antigens of

interest. The cell treatment composition according to the invention, which is

described above in more detail, allows for the replacement of alcohols by different,

more gentle agents, and therefore facilitates thorough unmasking of intracellular

epitopes while preserving susceptible cellular structures, like e.g. the cellular surface

antigen CD 14, which are not compatible with the use of alcohol.

[092] According to an embodiment the methods of the invention are adapted to

treat a biological sample, preferably a whole blood sample, in order to prepare fixed

and permeabilized white blood cells with unmasked intracellular epitopes,

preferably epitopes of activatable intracellular molecules like e.g. phosho-proteins,

for the subsequent detection of the activation state of said molecules. According to

this embodiment, detectably labeled activation state specific binding agents are

allowed to bind to the respective intracellular targets and are subsequently detected,

preferably via flow cytometry.

[093] In an embodiment, the method of the invention does not require a

wash/centrifugation step of the fixed cells subsequent to the fixation step (a) and

prior to the permeabilization step (b). The employed fixative is neutralized by the

cell treatment composition and poses no problem for subsequent method steps. In an

embodiment of the invention the method for treating a biological sample comprises



only a single centrifugation/washing step, namely directly after the permeabilization

step (b). Any other centrifugation/washing steps that were required in conventional

methods for preparing white blood cells for the flow cytometric analysis of

extracellular and intracellular target structures, preferably phosphorylated proteins,

are no longer required according to this embodiment of the invention.

[094] In an embodiment the present invention further relates to a method for

treating a biological sample, said sample comprising at least white blood cells, in

order to prepare said biological sample for the subsequent analysis of intracellular

and/or extracellular epitopes comprising the steps of:

(a) a fixation step comprising contacting said biological sample with a

fixative, wherein said fixative is added in a sufficient amount to achieve

at least partial cross-linking of proteins, lipoproteins and nucleic acid

molecules;

(b) a permeabilization step, subsequent to step (a), comprising contacting

said biological sample with a cell treatment composition according to the

present invention, and

(c) a labeling step, subsequent to step (b), comprising contacting said

biological sample with at least one detectably labeled binding agent

specific for an intracellular and/or an extracellular epitope.

[095] After the permeabilization step (b), i.e. after the permeabilization of the fixed

cells comprised in the biological sample, at least one detectable binding agent,

preferably a fluorescently labeled antibody, is brought into contact with said

biological sample.

[096] In a preferred embodiment at least one detectable binding agent directed

against a cell surface antigen and at least one detectable binding agent directed

against an intracellular antigen are used in labeling step (c). The detectable binding

agents may be added jointly in form of a mixture of at least two binding agents or

separately.



[097] In an embodiment, the method further comprises a centrifugation step prior

to step (c) for separating the fixed and permeabilized white blood cells from residual

reagent components of preceding steps and cell debris. Such a centrifugation step is

especially beneficial when a whole blood sample was used as the biological sample.

The cellular pellet, after the removal of the supernatant, is taken up in a suitable

incubation reagent in which the antibody reaction takes place.

[098] In a further embodiment the binding agent(s) are added to the biological

sample after step (b) together with or separate from a suitable incubation reagent.

Preferably the employed detectable binding agent(s) are added to the biological

sample simultaneously with the addition of said incubation reagent or thereafter.

[099] The invention also relates to an incubation reagent comprising a buffering

substances with a pKa in the neutral pH range (e.g HEPES or another 'Good Buffer'

selected from the group consisting of MES, ADA, PIPES, ACES, Cholamine

chloride, BES, TES, Acetamidoglycine, Tricine, Glycinamide, Bicine) in a

concentration range from 1 to 50 mM, preferably lOmM, bovine or other

mammalian serum albumin in a concentration range from 0.2 to 20 %, preferably

4% (w/v), sodium perchlorate or sodium thiocyanate in a concentration range from

50 to 250 mM, preferably from 100 to 160 mM and most preferred about 120mM,

optionally calcium chloride in a concentration of 5 mM or less, preferably ImM and

Proclin ® 300 or a comparable preservative in a concentration range from 0.01 to

0.2 %, preferably 0.05% (v/v). The pH of the incubation reagent of the invention is

adjusted to a value of from 6 to 9 or from 6.3 to 8.7 or from 6.5 to 8.5 or from 6.7 to

8.3 or from 6.9 to 8.1 or from 7.1 to 7.9 or from 7.3 to 7.7 or to about 7.5 using

preferably sodium hydroxide. An exemplary suitable composition of an incubation

reagent according to the invention is given in example 1.

[0100] In an embodiment the present invention further relates to a method for

treating a biological sample, said sample comprising at least white blood cells, in

order to prepare said biological sample for the subsequent analysis of intracellular

and/or extracellular epitopes comprising the steps of:



(a) a fixation step comprising contacting said biological sample with a

fixative, wherein said fixative is added in a sufficient amount to achieve at

least partial cross-linking of proteins, lipoproteins and nucleic acid

molecules;

(al) an incubation step, subsequent to step (a), comprising an incubation of

said biological sample at a temperature of between 15°C and 30°C, wherein

said sample is preferably incubated for between 5 and 15 minutes;

(b) a permeabilization step, subsequent to step (a), comprising contacting

said biological sample with a cell treatment composition according to the

present invention, and

(c) optionally a labeling step, subsequent to step (b), comprising contacting

said biological sample with at least one detectably labeled binding agent

specific for an intracellular and/or an extracellular epitope.

[0101] During incubation step (al) the biological sample as obtained in step (a) is

allowed to rest for about 5 to about 15 minutes, so a preferably complete fixation of

the cells can be obtained. With shorter incubation times the fixation reaction may be

incomplete while incubation times extended beyond 15 minutes may lead to an over-

fixation, thus rendering the unmasking of intracellular epitopes more challenging.

Best results will be obtained for incubation periods of between about 8 to about 12

minutes.

[0102] In a preferred embodiment step (al) comprises an incubation of between 8 to

12 minutes at a temperature in the range from about 15 to about 30 degree Celsius,

preferably in the range from about 20 to about 25 degree Celsius. It is understood,

that the required incubation time will be to some extend reduced, when a higher

incubation temperature is used, and vice versa.

[0103] Thorough mixing during incubation step (al) should be avoided in order to

avoid damage to the cells. Instead, gentle mixing or pivoting of the test tubes

containing the treated biological samples, e.g. by hand or on a simple roller rocker,

is preferred.



[0104] In an embodiment the present invention further relates to a method for

treating a biological sample, said sample comprising at least white blood cells, in

order to prepare said biological sample for the subsequent analysis of intracellular

and/or extracellular epitopes comprising the steps of:

(a) a fixation step comprising contacting said biological sample with a

fixative, wherein said fixative is added in a sufficient amount to achieve at

least partial cross-linking of proteins, lipoproteins and nucleic acid

molecules;

(al) optionally an incubation step, subsequent to step (a), comprising an

incubation of said biological sample at a temperature of between 15°C and

30°C, wherein said sample is preferably incubated for between 5 and 15

minutes;

(b) a permeabilization step, subsequent to step (a), comprising contacting

said biological sample with a cell treatment composition according to the

present invention.;

(bl) an incubation step, subsequent to step (b), comprising an incubation of

said biological sample at a temperature of between 20°C and 50°C, wherein

said sample is preferably incubated for between 2 and 10 minutes and

(c) optionally a labeling step, subsequent to step (b) or (bl), comprising

contacting said biological sample with at least one detectably labeled binding

agent specific for an intracellular and/or an extracellular epitope.

[0105] The incubation step (bl) shall assure that the fixed white blood cells undergo

a most consistent and thorough permeabilization reaction. The temperature of this

step should be between 20 and 50 °C, preferably between about 30°C and 45°C and

most preferred at about 37 °C. At this temperature an incubation time of 2 to 10

minutes, preferably 3 to 7 minutes and most preferred about 5 minutes is suitable. A

shorter incubation time as well as the use of incubation temperatures below 20 °C

may lead to reduced permeabilization efficiency, and a too low temperature during

the permeabilization reaction will diminish the hydrophobic interactions between the



detergent and the target epitopes. Therefore, especially for certain epitopes needing

a strong hydrophobic interaction, like p-Stat5, a temperature of around 37°C is

recommended.

[0106] On the other hand, incubation temperatures above 50 °C and a prolonged

incubation of more than 10 minutes could result in denaturation and precipitation of

cellular and serum proteins.

[0107] In a preferred embodiment an incubation temperature of 37°C is maintained

in step (bl) for about 5 minutes.

[0108] In an embodiment the present invention further relates to a method for

treating a biological sample, said sample comprising at least white blood cells, in

order to prepare said biological sample for the subsequent analysis of intracellular

and/or extracellular epitopes comprising the steps of:

(a) a fixation step comprising contacting said biological sample with a

fixative, wherein said fixative is added in a sufficient amount to achieve at

least partial cross-linking of proteins, lipoproteins and nucleic acid

molecules;

(al) optionally an incubation step, subsequent to step (a), comprising an

incubation of said biological sample at a temperature of between 15°C and

30°C, wherein said sample is preferably incubated for between 5 and 15

minutes;

(b) a permeabilization step, subsequent to step (a), comprising contacting

said biological sample with a cell treatment composition according to the

present invention.;

(bl) optionally an incubation step, subsequent to step (b), comprising an

incubation of said biological sample at a temperature of between 20°C and

50°C, wherein said sample is preferably incubated for between 2 and 10

minutes;

(b2) a washing step, subsequent to step (b) or (bl) and



(c) optionally a labeling step, subsequent to step (bl), comprising contacting

said biological sample with at least one detectably labeled binding agent

specific for an intracellular and/or an extracellular epitope.

[0109] The washing step (b2) is adapted to purify the fixed and permeabilized cells

from reagent components present in the products of step (b) or (bl) that could

interfere with the subsequent labeling step (c). Hence, in an embodiment of the

invention, the washing step (b2) is performed subsequently to step (b) or (bl) and

before step (c).

[0110] The term "washing" step shall be interpreted in the sense of "purification"

step and shall comprise known cell purification techniques like dialysis,

centrifugation or other suitable methods. Preferably, the washing step (b2) is carried

out by subjecting the cellular reaction mixture obtained in step (b) or (bl) to a

centrifugation force sufficient for pelleting the cells, preferably about 300 g for

about 5 minutes. Subsequently the supernatant is discarded and the pellet is taken up

in an incubation reagent. The serum albumin contained in the incubation reagent is

effective to neutralize potentially remaining residues of the anionic surface active

agent, e.g. SDS, and the fixative, e.g. formaldehyde, both capable of hampering the

immune reaction. According to an embodiment of the invention the incubation

reagent contains sodium perchlorate or thiocyanate or a mixture thereof at a

physiological concentration. The use of sodium perchlorate and/or thiocyanate at

this concentration basically prevents that already unmasked epitopes, especially

phospho-epitopes, revert to a masked status during the incubation reaction.

[011 1] In an embodiment the present invention further relates to a method for

treating a biological sample, said sample comprising at least white blood cells, in

order to prepare said biological sample for the subsequent analysis of intracellular

and/or extracellular epitopes comprising the steps of:

(a) a fixation step comprising contacting said biological sample with a

fixative, wherein said fixative is added in a sufficient amount to achieve at

least partial cross-linking of proteins, lipoproteins and nucleic acid

molecules;



(al) optionally an incubation step, subsequent to step (a), comprising an

incubation of said biological sample at a temperature of between 15°C and

30°C, wherein said sample is preferably incubated for between 5 and 15

minutes;

(b) a permeabilization step, subsequent to step (a), comprising contacting

said biological sample with a cell treatment composition according to the

present invention;

(bl) optionally an incubation step, subsequent to step (b), comprising an

incubation of said biological sample at a temperature of between 20°C and

50°C, wherein said sample is preferably incubated for between 2 and 10

minutes;

(b2) a washing step, subsequent to step (b) or (bl) and

(c) a labeling step, subsequent to step (bl), comprising contacting said

biological sample with at least one detectably labeled binding agent specific

for an intracellular and/or an extracellular epitope.

(cl) a dilution step, subsequent to step (c), comprising contacting said

biological sample with a washing composition.

[0112] According to an embodiment of the invention an optional incubation step

may be performed after the labeling step (c). The optional incubation step comprises

an incubation of from 5 to 25 minutes, preferably from 10 to 20 minutes and most

preferred of about 15 minutes at room temperature. This optional incubation step is

fostering a thorough labeling of said intracellular and/or extracellular epitopes.

[0113] Subsequently, the reaction mixture resulting from step (c) is taken up in a

washing composition according to step (cl) in a ratio of from 1 : 5 to 1 : 15,

preferably in a ratio of from 1 : 10.

[0114] The invention further relates to a washing composition comprising

Phosphate buffered saline (PBS, potassium free) or another physiological washing

medium, formaldehyde solution (37%) in a concentration range from 0.1 to 2%,

preferably 0.5% (v/v), Pluronic F68 in a concentration range from 0.01 to 1%,



preferably 0.1% (v/v) and sodium lauroyl sarcosinate in a concentration range from

0.005% to 0.5%, preferably 0.05% (v/v). The pH of the washing composition is

adjusted to 7.0 to 7.5, preferably to 7.2 using sodium hydroxide or hydrochloric

acid. The formaldehyde comprised in the washing composition ensures that the

sample is sufficiently conserved before analysis. Pluronic F68 and lauroyl

sarcosinate are added to the washing composition in order to prevent the cells from

sticking to other cells and to the tubing of an employed cytometer device.

[0115] In another embodiment the biological sample is first centrifuged in order to

remove excess antibody. Subsequently the pellet is taken up in 50 to 200 µΐ ,

preferably about 100 µΐ of washing composition. The sample then can be analyzed

on a cytometer.

[0116] In a further embodiment of the invention said at least one detectably labeled

binding agent, preferably labeled with a fluorescent label, is specific for a

phosphorylated protein, e.g. p-Stat-5. The detection of said at least one detectably

labeled binding agent can be performed via flow cytometry.

[0117] In an embodiment of the invention, extracellular epitopes specific for

leucocyte subpopulations and intracellular phosphorylated proteins are detected by

means of the methods according to the invention. Preferably only one

centrifugation/washing step, directly preceding step (c) is used during the complete

cell treatment procedure prior to the analysis of the treated sample on a flow

cytometry device.

[0118] A further aspect of the present invention relates to a kit comprising

a) a cell treatment composition according to the present invention.

b) an incubation reagent comprising serum albumin and perchlorate,

c) at least one detectably labeled binding agent specific for an intracellular

epitope, and

d) at least one detectably labeled binding agent specific for an extracellular

epitope.



[0119] In a preferred embodiment the kit comprises a cell treatment composition

according to the present invention, an incubation reagent according to the present

invention, a detectably labeled binding agent specific for an intracellular epitope,

preferably a phospho-epitope and a detectably labeled binding agent specific for an

extracellular epitope suitable for the identification of white blood cells. In another

embodiment the kit further comprises a fixation reagent comprising preferably

formaldehyde or paraformaldehyde in a concentration of between 1% and 37%

(w/v) or between 2% and 33% (w/v) or between 3% and 37% (w/v) or between 4%

and 30% (w/v) or between 5% and 25% (w/v) or between 6% and 20% (w/v) or

between 7% and 15% (w/v) or between 8% and 12% (w/v) or between 9% and 11%

(w/v) or about 10% (w/v).

[0120] According to an embodiment at least one of the detectably labeled binding

agents is a fluorescently labeled antibody directed against an activatable epitope,

preferably a phospho-epitope, that may be present within a biological cell in a

phosphorylated and in a dephosphorylated form, wherein said fluorescently labeled

antibody is capable of detecting either the phosphorylated or the dephosphorylated

form of said phospho-epitope specifically

[0121] The incubation reagent according to the invention is adapted to avoid

damage to both intra- and extracellular epitopes and to allow for the specific binding

of at least one detectably labeled binding agent to its corresponding epitopes. For

example, a suitable incubation reagent comprises 4% of serum albumin in HEPES

buffered perchlorate at physiological strength. The serum albumin, preferably, BSA

is useful for the absorption of residues of SDS and formaldehyde, which could

interfere with the antibody reaction. To prevent the closure of exposed antigens the

salt providing the physiological conditions is a suitable chaotropic salt, for example

sodium perchlorate or thiocyanate.

[0122] Better labeling properties of phospho-proteins in terms of higher signal to

noise ratios were observed if perchlorate was used at physiological concentration in

the incubation reagent. In this way, the chaotropic effect of the perchlorate salt was

extended from the lysis reagent into the incubation reagent, without hampering the

labeling of cell surface proteins.



[0123] According to a preferred embodiment the fixation reagent comprised in the

kits of the invention and used in the methods of the invention for the fixation of a

biological sample comprising white blood cells, preferably a whole blood sample,

comprises in an aqueous solution 150 mM sodium chloride and 10% (w/v)

formaldehyde (methanol-free). It is understood that a plurality of different, e.g.

commercially available fixation buffers comprising a similar amount of

formaldehyde or a comparable aldehyde comprising fixation agent are equally suited

to be comprised in the kits of the invention and can be used in the methods of the

invention. Likewise the above mentioned uses of the cell treatment composition of

the present invention are not limited to this specific embodiment of the fixation

reagent.

[0124] According to a preferred embodiment the cell treatment composition

comprised in the kits of the invention and used in the methods of the invention

comprises in an aqueous solution 34.7 mM sodium dodecyl sulfate, 1% (w/v)

Bovine serum albumin (BSA) 1% (w/v), optionally 2mM sodium dihydrogen

phosphate, optionally 150 mM sodium perchlorate and optionally 0.05% (v/v)

Proclin® 300. The final pH of the cell treatment composition is adjusted to 4.2 by

the addition of NaOH.

[0125] According to a preferred embodiment the incubation reagent comprised in

the kits of the invention and used in the methods of the invention comprises in an

aqueous solution lOmM HEPES, 4% (w/v) Bovine serum albumin, 120mM sodium

perchlorate, optionally ImM Calcium chloride and optionally 0.05% (v/v) Proclin®

300. The pH is adjusted to 7.5 using sodium hydroxide. It is understood that a

plurality of different, e.g. commercially available incubation reagents comprising

similar amounts of BSA and a chaotropic salt like sodium perchlorate are equally

suited to be comprised in the kits of the invention and can be used in the methods of

the invention. Likewise the above mentioned uses of the cell treatment composition

of the present invention are not limited to this specific embodiment of the incubation

reagent.

[0126] According to a preferred embodiment the washing composition comprised in

the kits of the invention and used in the methods of the invention comprises in an



aqueous phosphate buffered saline (potassium free) solution 0.5% (w/v) of a 37%

Formaldehyde solution, optionally 0.1% (v/v) Pluronic F68 and optionally 0.05%

(w/v) Sodium lauroyl sarcosinate. It is understood that a plurality of different, e.g.

commercially available washing compositions comprising similar amounts of

formaldehyde and detergents are equally suited to be comprised in the kits of the

invention and can be used in the methods of the invention. Likewise the above

mentioned uses of the cell treatment composition of the present invention are not

limited to this specific embodiment of the washing composition. It is understood that

the present application may contain one or more further aspects and/or

embodiments. Such aspects and/or embodiments may cover one or more of the

above described features in isolation or in any combination with each other.

[0127] Where a range of values is provided, it is understood that each intervening

value, to the tenth of the unit of the lower limit unless the context clearly dictates

otherwise, between the upper and lower limit of that range, and any other stated or

intervening value in that stated range, is encompassed within the invention. The

upper and lower limits of these smaller ranges may independently be included in the

smaller ranges, and are also encompassed within the invention, subject to any

specifically excluded limit in the stated range. Where the stated range includes one

or both of the limits, ranges excluding either or both of those included limits are also

included in the invention.

Description of figures

[0128] Fig. 1: Flow cytometric analysis of CD14-FITC and Stat5-PE staining of

whole blood and the effect of GM-CSF activation of the blood

[0129] Figure 1 shows four flow cytometric scatter plots obtained by treating a

whole blood sample with a method according to the invention (see example 2) and

subsequent analysis on a FC500 cytometer (Beckman Coulter, Brea, CA.). Scatter

Plot A is showing the analysis of non-activated whole blood. Scatter Plot B is

showing a 525 nm fluorescence analysis of CD14-FITC stained monocytes. In

scatter plot C, p-Stat5-PE staining of the non-activated blood is shown. In scatter

plot D, the whole blood sample was activated by GM-CSF prior to fixation. As



compared to scatter plot C it can be seen in scatter plot D that monocytes and

neutrophils express p-Stat5 after GM-CSF activation. I = granulocytes; II =

Lymphocytes; III = CD14+ Monocytes; IV = p-Stat-5+ Monocytes.

Examples

[0130] Example 1:

Exemplary preparation of compositions according to the invention

[0131] The following compositions provide examples of suitable reagents within the

scope of the present invention.

[0132] The fixation reagent (Reagent A) for the fixation of a biological sample

comprising white blood cells, preferably a whole blood sample, comprises in an

aqueous solution:

Sodium Chloride 150mM

Formaldehyde (methanol-free) 10% (w/v)

[0133] Reagent A is of neutral pH and was filtered through nylon filter of 0.22µιη

pores size.

[0134] The cell treatment composition (Reagent B) for the treatment of a biological

sample comprising white blood cells, preferably a whole blood sample, comprises in

an aqueous solution:

Sodium dodecyl sulphate 34.7 mM

Bovine serum albumine (BSA) 1% (w/v)

Sodium dihydrogen phosphate 2 mM

Sodium perchlorate 150 mM

Proclin® 300 0.05% (v/v)

[0135] Reagent B was prepared by dissolving the sodium dodecyl sulfate in water.

All ingredients with the exception of sodium perchlorate were mixed and the pH

was adjusted to 4.4. Then sodium perchlorate was added and any occurring



precipitation was dissolved by thorough mixing. The final pH is adjusted to 4.2 by

the addition of NaOH. The composition was filtered through nylon filter of 0.22µιη

pores size. Proclin® 300 was obtained from Supelco, SIGMA Aldrich (St. Louis,

MO, USA).

[0136] The incubation reagent (Reagent C) for the incubation of fixed and

permeabilized cells comprises in an aqueous solution:

HEPES lOmM

Bovine serum albumin 4% (w/v)

Sodium Perchlorate 120mM

Calcium chloride lmM

Proclin® 300 0.05% (v/v)

[0137] The pH is adjusted to 7.5 using sodium hydroxide. Reagent C was filtered

through nylon filter of 0.22µιη pores size. Proclin® 300 was obtained from

Supelco, SIGMA Aldrich (St. Louis, MO, USA)

[0138] The washing composition (Reagent D) for the washing and conservation of

cells after the incubation in reagent C comprises in an aqueous solution.

Phosphate buffered saline (potassium free)

Formaldehyde solution (37%) 0.5% (w/v)

Pluronic F68 0.1% (v/v)

Sodium lauroyl sarcosinate 0.05% (w/v)

[0139] Reagent D was filtered through nylon filter of 0.22µιη pores size.

[0140] Example 2:

Labeling of cell surface antigens

[0141] To a volume of ΙΟΟµΙ of whole blood treated with 0.7mM ethylenediamine

tetraacetic acid (EDTA) as anticoagulant, 65µ ΐ of fixation reagent (Reagent A of

Example 1) was added. The mixture was vortexed and then incubated for 10 minutes

at room temperature (18-25°C). After 10 minutes, 1ml of cell treatment composition



(Reagent B of Example 1) was added. The mixture was vortexed shortly and

allowed to incubate for 5 minutes at 37°C.

[0142] The pH of the anti-coagulated blood was approximately 7.2. After 10

minutes of fixation, the blood had a pH of approximately 6.1 due to the destruction

of amino-groups. After addition of the cell treatment composition and 5 minutes of

incubation the mixture had a pH of approximately 5.6.

[0143] The obtained mixture was then centrifuged at approximately 300g and the

liquid phase was removed. The pellet was taken up in ΙΟΟµΙ of incubation reagent

(Reagent C of Example 1) and dissolved by vortexing. The pH of the obtained

mixture was approximately 7.0.

[0144] To the incubation mixture the following conjugated monoclonal antibody

products were added in a volume as indicated by the manufacturer as one test.

IgGl FITC isotypic control (IM0639U, Beckman Coulter, Brea, CA.)

IgGl PE isotypic control (IM0670U, Beckman Coulter, Brea, CA.)

CD 14 FITC (IM 0645U, Beckman Coulter, Brea, CA.)

CD14 APC (IM 2580U, Beckman Coulter, Brea, CA.)

CD45 FITC (IM0782U, Beckman Coulter, Brea, CA.)

CD45 KO (A96416, Beckman Coulter, Brea, CA.)

CD3 FITC (IM1281U, Beckman Coulter, Brea, CA.)

CD19 PE (IM1285U, Beckman Coulter, Brea, CA.)

CD34 PE (IM1871U, Beckman Coulter, Brea, CA.)

[0145] After 15 minutes of incubation at room temperature, the sample was washed,

taken up in a washing composition (reagent D of Example 1) and analyzed on a

FC500 cytometer (Beckman Coulter, Brea, CA). The results of this experimental

analysis are given in figure 1. From this data it is apparent that the methods

according to the invention did on the one hand not impede the labeling of the cell

surface marker CD 14 and on the other hand provided access to the intracellular p-

Stat5 epitope of monocytes and neutrophils (labeled generally as granulocytes in



Table 1) that were activated with GM-CSF prior to the cell treatment (see

experiment 2B) according to the invention.

[0146] In table 1 the signal to noise ratios (S/N) of some representative cell surface

antigens are provided for lymphocytes, monocytes and granulocytes that were

subjected to the cell preparation treatment according to the embodiment of the

invention as given in example 2. The S/N ratios are calculated by the division of the

mean fluorescence value of the labeled subpopulation and the same subpopulation

treated with the isotypic control antibodies. In the case of the CD34 antigen, cells of

the KGl cell line (ATCC, Manassas, VA) were spiked into the blood sample before

treatment. The data indicates that all of the employed cell surface markers (CD3,

CD14, CD19, CD34, CD45) were easily accessible by corresponding antibodies,

thus demonstrating that cell surface antigens are conserved and retained accessible

in the course of the cell treatment methods according to this invention.



[0147] Table 1.

Labeling of phosphorylated intracellular antigens

[0148] Aliquots of whole blood (anticoagulated with 0.7mM EDTA) were incubated

at 37°C for 15 minutes in the presence of one of the following activating agents;

GM-SCF (rhGM-CSF, 10 ng/ml - R&D Systems, Minneapolis, MN)

IL2 (rhIL2, 20 ng/ml - R&D Systems, Minneapolis, MN)

PMA (Phorbol Myristate Acetate PHA-L, 2µg/ml - Sigma Chemical

Corp., St Louis, MO)

LPS (Lipopolysaccharide, 2 µg/ml - Sigma Chemical Corp., St Louis,

MO)

Interferon alpha (Rh Interferon alpha, 20 ng/ml - PBL Biomedical

Laboratories, Piscataway, NJ)

IL6 (rhIL6, 200 ng/ml - R&D Systems Minneapolis MN)



[0149] The activated blood was then processed according to Example 2.To the

incubation mixture the following conjugated monoclonal antibody products were

added in a volume as indicated by the manufacturer as one test.

Mouse anti-Stat5 (pY694)-PE (BD Biosciences Pharmingen, San Jose,

CA)

Mouse Phospho-p44/42 MAPK (Erkl/2) (Thr202/Tyr204) (E10) Alexa

Fluor® 647 (Cell Signaling Technology Inc., Danvers, MA)

Phospho-p38 MAPK (T180/Y182) Alexa Fluor® 488. (Cell Signaling

Technology Inc., Danvers MA)

Phospho-Statl (Tyr701) (58D6) Alexa Fluor® 488. (Cell Signaling

Technology Inc., Danvers, MA)

Phospho-Stat3 (Tyr705) (3E2) Alexa Fluor® 488. (Cell Signaling

Technology Inc., Danvers, MA)

Phospho-Stat5 RPE (B23139, Beckman Coulter, Brea, CA.)

[0150] After 15 minutes of incubation of the samples at room temperature, the

samples were washed and taken up in washing reagent and analyzed on a FC500

cytometer (Beckman Coulter Brea, CA.). The obtained experimental data is

provided in scatter plot C and D of figure 1. This data indicates, that intracellular

phosphorylated epitopes of fixed cells that were treated according to the method of

the invention are readily accessible to corresponding antibodies.

[0151] In table 2 the signal/noise (S/N) ratio of white blood cell subpopulations

labeled with different anti-phospho-epitope antibodies are shown. The S/N ratio was

calculated by the division of the mean fluorescence value of the subpopulations in

activated blood aliquots and the mean fluorescence value from the respective

subpopulations in non-activated aliquots of the same blood.



[0152] Table 2

[0153] The labeling of the different phospho-proteins of the three major white blood

cell populations: lymphocytes, monocytes and neutrophils (a subtype of

granulocyte), was compared between the non-activated blood and the blood after

activation with an appropriate activator.

[0154] Example 3 :

[0155] To evaluate the influence of the anionic surface active agent concentration,

various cell treatment compositions were prepared as outlined in example 1,

although with varying SDS concentrations. Table 3 contains related experimental

data demonstrating the influence of the SDS concentration in the cell treatment

composition on the unmasking of phospho-epitopes like e.g. p-Stat5. In this setting

optimal unmasking and staining of p-Stat5 was obtained using a cell treatment

solution having a concentration of 1% w/v (34.7mM).



[0156] Table 3 :

[0157] Example 4 :

[0158] For the reason of comparison of different anionic surface active agents, two

different cell treatment compositions according to the present invention were

prepared, one with sodium dodecyl sulfate (SDS) and the other with sodium

dodecylbenzene sulfonate (SDBS, Aldrich technical grade, Sigma Chemical Corp.,

St Louis, MO), wherein both reagents were contained in the cell treatment

composition at 34.7mM. The pH values of the SDS containing cell treatment

composition were as indicated in example 1. For reasons of precipitation and

stability, the pH of the SDBS containing cell treatment composition was 5.95 and

increased to 6.6 after the addition of the whole blood sample. Otherwise, the

samples were processed and analyzed as given in Examples 2A and 2B.

[0159] As shown in Table 4, both reagents gave similar expression values for p-

Stat5. The protection of the cells however was less efficient in the SDBS comprising

reagent. Probably this is due to the higher pH, effecting the cell protection.



0 160] Table 4 :

[0161] Example 5 :

[0162] This experiment shall demonstrate the protective effect of serum albumin at

an acidic pH with regard to cells and antigens. For this purpose several cell

treatment compositions were prepared as outlined in example 1, however with the

following modification:

1. The cell treatment composition of example 1 in which the BSA was

omitted and replaced by 20 mM acid phosphate having a buffering capacity

at this concentration similar to the cell treatment composition of example 1.

The pH of this reagent was 2.5.

2. The cell treatment composition of example 1, having a pH 4.15 .

3. The cell treatment composition of example 1. The pH of the reagent

was adjusted to 5.6.

4. The cell treatment composition of example 1. The pH of the reagent

was adjusted to 6.28.

5. The cell treatment composition of example 1. The pH of the reagent

was adjusted to 7.4.

[0163] The samples were processed as outlined in example 2, with the exception

that the samples were washed with PBS after the fixation.



[0164] After the addition of fixed blood cells, the pH of the mixture of fixed blood

and the five different cell treatment compositions as given above adjusted to the

following values respectively:

1. pH = 5.7

2. pH = 5.7

3. pH = 6.4

4. pH = 6.7

5. pH = 7.0

[0165] The CD14 antigen is particularly sensitive to denaturizing conditions and has

been chosen as a parameter of protection. Also the side scatter of the monocytes and

the number of recovered cells are indicated as parameters. Whole blood was

processed and analyzed as shown in Example 2A and 2B.

[0166] At pH 5.7 of the analyzed mixture the highest protective effect of the serum

albumin was observed. As can been seen from the table 5, the acidic effect can be

related to the serum albumin. Under acidic conditions in the absence of serum

albumin there is no increased protection. The signal/noise ratio of CD 14 was

calculated as shown in example 2.



[0167] Table 5 :

[0168] Serum albumin at acidic conditions also seems to provide an additional

fixation effect. Side scatter values of monocytes after blood lysis at acidic conditions

tend to be higher as compared with the monocyte side scatter values of monocytes

after blood lysis at neutral conditions (see table 5). This higher side scatter is

irrespective of the presence of serum albumin. Side scatter augments with the

opaqueness of cells and the amount of macromolecular aggregation in the cells. As

the amount of macromolecular aggregation is a measure of the intensity of fixation

of the cells, one may therefore draw the conclusion that the use of serum albumin

under acidic conditions provides a better fixation effect.

[0169] Example 6 :

[0170] To compare the protective effect of serum albumin as opposed to other water

soluble proteins, an alternative cell treatment composition comprising bovine milk



casein (Sigma) instead of BSA was prepared. The other ingredients of this cell

treatment composition were identical to the Reagent B of Example 1.

[0171] Whole blood was processed and analyzed as provided in in Example 2A.

[0172] As can be seem from table 6, Serum albumin is superior to casein with

regard to the protection of the cell surface antigen CD 14. The signal/noise ratio of

CD 14 was calculated as shown in example 2. Both the side scatter values for

monocytes and overall leukocytes are provided as a function of the fixation of

cellular proteins by BSA or casein. Again the results indicate that BSA is more

effective here than casein. Also the numbers of obtained monocyte and overall

leukocytes was significantly reduced when using casein in the cell treatment

composition instead of BSA, indicating that the protective effect of serum albumin

is superior to casein.

[0173] Table 6 :



[0174] Example 7 :

[0175] In some embodiments of the invention chaotropic salts like persulfate or

thiocyanate may be comprised by the cell treatment composition. To illustrate the

effect of e.g. sodium persulfate, the following cell treatment compositions were

prepared:

(1) The cell treatment composition of example 1 in which the sodium

persulfate was omitted and replaced by 150mM sodium chloride.

(2) The cell treatment composition of example 1 in which the sodium

persulfate was omitted and replaced by 150mM sodium chloride. The

SDS concentration in this reagent was modified into 1.5% instead of

1%.

(3) The cell treatment composition of example 1.

[0176] Whole blood was processed and analyzed as shown in example 2A and B.

The signal to noise ratios (s/n) were calculated as shown in example 2A and B.

[0177] Exchanging sodium persulfate for sodium chloride in the cell treatment

composition (1) resulted in incomplete lysis of the red blood cells. This effect could

be compensated by increasing the SDS concentration of the cell treatment

composition to 1.5% SDS (solution (2)), which could produce a comparable lysis

effect as it was obtained with (1). Also the expression of p-Stat5 was comparable.

However, the advantage of using the chaotropic salt persulfate instead of a higher

concentration of SDS became apparent by the better protection of the CD 14 antigen

(see Table 4).



[0178] Table 7 :

[0179] Example 8:

[0180] The following displays exemplary solutions which may be used in the

system and method according to the present invention.

[0181] For example, a composition for the fixation of whole blood according to the

present invention may be an aqueous solution of Sodium Chloride (150mM) and

Formaldehyde methanol-free (10% (w/v)) at neutral pH. The composition is filtered

through nylon filter of 0.22µιη pores size.

[0182] Further, a composition for the lysis and the denaturation of fixed whole

blood according to the present invention may be an aqueous solution of Sodium

dodecyl sulphate (34.7 mM), Methanol (1% v/v), Bovine serum albumine (1% w/v),

Sodium dihydrogen phosphate (2 mM), and Sodium perchlorate (150 mM). The pH

is adjusted to 4.2 using hydrochloric acid.

[0183] The composition for the lysis and the denaturation of fixed whole blood

according to the present invention is prepared by mixing the components except for

the sodium perchlorate. The volume should be 85% of the final volume. Then the

pH is adjusted at 4.4. A solution of 1M sodium perchlorate is added to the final

volume. After that the composition is mixed thoroughly to dissolve precipitation in



order to obtain a final pH of 4.2. Finally, the composition was filtered through nylon

filter of 0.22µιη pores size.

[0184] Further, a composition for the incubation of lysed and permeated cells

according to the present invention with antibody may be an aqueous solution of 4-

(2-Hydroxyethyl)piperazine-l-ethanesulfonic acid (HEPES) (lOmM), Bovine serum

albumin (2% (w/v)), Sodium Chloride (150mM), and Proclin® 300 (0.05%). After

mixing the pH is adjusted to 7.5 using sodium hydroxide. Finally, the composition is

filtered through nylon filter of 0.22µιη pores size. Proclin® 300 was obtained from

Supelco, Sigma Chemical Corp., St Louis, MO, USA).

[0185] A composition for the washing and conservation of the antibody stained cells

according to the present invention may an aqueous solution of Phosphate buffered

saline (potassium-free), and Formaldehyde methanol-free (0.5% (w/v)).



Claims

A cell treatment composition for the permeabilization of fixed blood cells,

comprising an aqueous solution of:

(a) at least one anionic surface active agent which is comprised in said

composition in a concentration of between 0.3% and 2% (w/v), wherein a

salt of said anionic surface active agent is represented by the formula (1):

Y- S03 X+ (1)

wherein Y is either R —O or R, and R represents an alkyl, alkylene, aryl,

alkylene-alkyl, aryl-alkyl or aryl-alkylene group having 8 to 18 carbon atoms

and X represents a monovalent cation, and

(b) serum albumin which is comprised in said composition in a concentration

of between 0.2% and 20% (w/v),

wherein the pH of said cell treatment composition is between about 2 and

about 6.

A cell treatment composition according to claim 1, wherein said anionic

surface active agent is comprised in said composition in a concentration of

between 0.6% and 1.5% (w/v).

A cell treatment composition according to claim 1 or 2, wherein said anionic

surface active agent is sodium dodecyl sulfate (SDS) or sodium

dodecylbenzenesulfonate (SDBS).

A cell treatment composition according to any of the preceding claims,

wherein said serum albumin is mammalian serum albumin.



A cell treatment composition according to claim 4, wherein said

albumin is bovine serum albumin.

6. A cell treatment composition according to any of the preceding claims,

wherein the pH of said treatment composition is between 3 and 5.5.

7. A cell treatment composition according to any of the preceding claims,

wherein said treatment composition further comprises a chaotropic salt.

8. A cell treatment composition according to claim 7, said composition

comprising a concentration of chaotropic salt from 20 to 250 mM.

A cell treatment composition according to claim 7, said chaotropic salt

comprising perchlorate, thiocyanate, or a combination thereof.

A combination comprising a cell treatment composition according to any of

the preceding claims and a biological sample comprising fixed white blood

cells, wherein said combination has a pH value of between 5.5 and 7.

11. A combination according to claim 10, said biological sample comprising

whole blood, bone marrow, or an isolated subpopulation of leukocytes.

12. A combination according to claim 10, said white blood cells comprising

lymphocytes or monocytes.

Use of a cell treatment composition according to any of claims 1 to 9 for the

treatment of an isolated biological sample comprising fixed white blood cells.



Use of a cell treatment composition according to claim 13, wherein the fixed

white blood cells are permeabilized by means of the cell treatment

composition according to any of claims 1 to 9 and labeled by means of at least

one detectably labeled binding agent specific for an intracellular and/or

extracellular epitope.

15. Use of a cell treatment composition according to claim 13, wherein said

biological sample comprises whole blood, bone marrow, or an isolated

subpopulation of leukocytes.

16. Use of a cell treatment composition according to claim 13, wherein said white

blood cells comprise lymphocytes or monocytes.

17. A method for treating an isolated biological sample, said sample comprising at

least white blood cells, comprising the steps of:

(a) a fixation step comprising contacting said biological sample with a

fixative, wherein said fixative is added in a sufficient amount to achieve at

least partial cross-linking of proteins, lipoproteins and nucleic acid molecules;

(b) a permeabilization step comprising contacting said fixed biological sample

with the cell treatment composition according to any of claims 1 to 9.

A method according to claim 17, said method further comprising

(c) a labeling step comprising contacting said permeabilized biological sample

with at least one detectably labeled binding agent specific for an intracellular

and/or an extracellular epitope.

19. A method according to any one of claims 17 to 18, said method comprising

incubating said biological sample with said fixative at a temperature of



between 15°C and 30°C, wherein said sample is preferably incubated for

between 5 and 15 minutes.

20. A method according to any one of claims 17 to 19, said method comprising

incubating said fixed biological sample with said cell treatment composition at

a temperature of between 20°C and 50°C, wherein said sample is preferably

incubated for between 2 and 10 minutes.

21. A method according to any one of claims 17 to 20, said method comprising

washing the permeabilized biological sample.

22. A method according to any one of claims 17 to 21, wherein said cell treatment

composition permeabilizes said white blood cells and unmasks intracellular

epitopes of said white blood cells.

23. A method according to claim 22, wherein said intracellular epitopes comprise

phospho-epitopes.

24. A method according to any of claims 17 to 23, said biological sample

comprising whole blood, bone marrow, or an isolated subpopulation of

leukocytes.

25. A method according to any one of claims 17 to 23, said white blood cells

comprising lymphocytes or monocytes.

26. A kit comprising:

a cell treatment composition according to any of claims 1 to 9; and

a cell incubation reagent comprising serum albumin and perchlorate or

thiocyanate.



27. A kit according to claim 26, said cell incubation reagent comprising:

a buffer having a pKa in the neutral pH range, the concentration of

buffer from 1 to 50 mM;

serum albumin, the concentration of serum albumin from 0.2 to 20%

(w/v);

perchlorate or thiocyanate, the concentration of perchlorate or

thiocyanate from 50 to 250 mM; and

a preservative, the concentration of preservative from 0.01 to 0.2 %

(v/v);

and having a pH from 6 to 9.

28. A kit according to claim 26 or claim 27, further comprising a fixative reagent

comprising formaldehyde.

29. A kit according to any one of claims 26 to 28, further comprising at least one

detectably labeled binding agent specific for an intracellular epitope.

30. A kit according to any one of claims 26 to 29, further comprising at least one

detectably labeled agent specific for an extracellular epitope.

31. A kit according to any one of claims 26 to 30, further comprising a washing

composition having a pH from 7 to 7.5, said washing composition comprising:

phosphate buffered saline;

formaldehyde, the concentration of formaldehyde from 0.1 to 2%

(v/v);

Pluronic F68, the concentration of Pluronic F68 from 0.01 to 1%

(v/v); and

lauroyl sarcosinate, the concentration of lauroyl sarcosinate from

0.005 to 0.05% (v/v).





A . CLASSIFICATION O F SUBJECT MATTER
INV. G01N1/30 G01N33/53 G01N33/569
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

G01N

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal , BIOSIS, Sequence Search , EMBASE, WPI Data

C. DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2006/178294 Al (VAN AGTHOVEN ANDREAS 1, 2 ,4-6,
[FR] ET AL) 10 August 2006 (2006-08-10) 10-12
paragraph [0024]
paragraph [0027] - paragraph [0030]
exampl es 1-4
c l aims 1, 2 ,4,8

W0 2004/007723 A2 (UNIV CAMBRIDGE TECH 1-5
[GB] ; SAIT0U MITIN0RI [ P] ; SURANI AZIM
[GB] ) 22 January 2004 (2004-01-22)
page 127 , l i ne 3 - l i ne 5

-/-

X| Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published o n or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L" documentwhich may throw doubts on priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one o r more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

28 March 2014 04/04/2014

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Ul brecht, Matthi as



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

DI EDERI K VAN DE WETERING ET AL: " I FN - 1-31
cannot substi tute l ack of I FN-
responsi veness i n cel l s of an I FN- Rl
defi c i ent pati ent" ,
CLINICAL IMMUNOLOGY, ACADEMIC PRESS, US,
vol . 138, no. 3 ,
8 December 2010 (2010-12-08) , pages
282-290, XP028364962 ,
ISSN : 1521-6616, D0I :
10. 1016/J . CLIM. 2010. 12 .005
[retri eved on 2010-12-16]
page 286, l eft-hand col umn , paragraph 1

BYUN ET AL: "Axonal and peri axonal 1-31
swel l i ng precede peri pheral
neurodegenerati on i n KCC3 knockout mi ce" ,
NEUROBIOLOGY OF DISEASE, BLACKWELL
SCI ENTI FIC PUBLICATIONS, OXFORD, GB,
vol . 28, no. 1 ,
21 September 2007 (2007-09-21) , pages
39-51 , XP022263484,
ISSN : 0969-9961 , D0I :
10. 1016/J . NBD.2007 .06.014
page 41 , l eft-hand col umn , paragraph 1

Anonymous : "TRI ETHANOLAMINE LAURYL 1-31
SULFATE CAS#: 139-96-8" ,

1 January 2008 (2008-01-01) , XP055110407 ,
Retri eved from the Internet:
URL: http : //www. chemi cal book . com/ProductChe
mi cal Properti esCB3193301 EN . htm
[retri eved on 2014-03-27J
the whol e document

Joseph Sambrook ET AL: "Stock sol uti ons" 1-31
I n : "Mol ecul ar Cl oni ng: A Laboratory
Manual , vol . 3 , 2nd. ed. " ,
1 January 1989 (1989-01-01) , Col d Spri ng
Harbor Laboratory Press , Col d Spri ng
Harbor, XP055110125 ,
vol . 7 , page B. 12 ,
the whol e document



Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2006178294 Al 10-08-2006 CN 101115388 A 3 -01 -2008
EP 1863348 Al 12 -12 -2007
P 4869258 B2 08 -02 -2012
P 2008530526 A 07-08 -2008

US 2006178294 Al 1 -08 -2006
O 2006086157 Al 17 -08 -2006

W0 2004007723 A2 22-01-2004 AT 452189 T 15 -01 -2010
AU 2003255720 Al 02 -02 -2004
CA 2493675 Al 22 -01 -2004
EP 1521832 A2 13 -04 -2005
P 2005532808 A 04 -11 -2005

US 2006035326 Al 16 -02 -2006
US 2009210954 Al 2 -08 -2009
O 2004007723 A2 22 -01 -2004



专利名称(译) 用于透化固定血细胞的组合物及其用途

公开(公告)号 EP2938993A1 公开(公告)日 2015-11-04

申请号 EP2013821373 申请日 2013-12-23

[标]申请(专利权)人(译) 贝克曼考尔特公司

申请(专利权)人(译) BECKMAN COULTER，INC.

当前申请(专利权)人(译) BECKMAN COULTER，INC.

[标]发明人 VAN AGTHOVEN ANDREAS

发明人 VAN AGTHOVEN, ANDREAS

IPC分类号 G01N1/30 G01N33/53 G01N33/569

CPC分类号 G01N1/30

代理机构(译) 博尔特WADE TENNANT

优先权 61/747044 2012-12-28 US

其他公开文献 EP2938993B1

外部链接 Espacenet

摘要(译)

本发明涉及用于固定血细胞透化的细胞处理组合物，所述组合物的用
途，用于处理生物样品的方法，包括固定所述样品并随后使所述生物样
品与所述细胞处理组合物接触。本发明还涉及包含所述细胞处理组合物
的试剂盒。

https://share-analytics.zhihuiya.com/view/7255a428-349b-49ab-8c5a-3dfa9df001db
https://worldwide.espacenet.com/patent/search/family/049956488/publication/EP2938993A1?q=EP2938993A1

