
(19) United States 
US 20090053731A1 

(12) Patent Application Publication (10) Pub. No.: US 2009/0053731 A1 
Sojka et al. (43) Pub. Date: Feb. 26, 2009 

(54) METHOD FOR DETECTION OF L523S 
EXPRESSION IN BIOLOGICAL SAMPLES 

(76) Inventors: Katherine Marks Sojka, Oak 
View, CA (US); Elizabeth Oliver 
Spaulding, Santa Barbara, CA (US) 

Correspondence Address: 
FINNEGAN, HENDERSON, FARABOW, GAR 
RETT & DUNNER 
LLP 
901 NEW YORKAVENUE, NW 
WASHINGTON, DC 20001-4413 (US) 

(21) Appl. No.: 12/158,223 

(22) PCT Filed: Dec. 20, 2006 

(86). PCT No.: 

S371 (c)(1), 
(2), (4) Date: Sep. 15, 2008 

15 

Related U.S. Application Data 
(60) Provisional application No. 60/751,833, filed on Dec. 

20, 2005, provisional application No. 60/773.212, 
filed on Feb. 14, 2006. 

Publication Classification 

(51) Int. Cl. 
GOIN 33/574 (2006.01) 

(52) U.S. Cl. ......................................................... 435/7.1 
(57) ABSTRACT 

The present invention discloses methods for differentiating 
between normal or reactive cells and malignant cells in bio 
logical samples comprising: exposing the biological sample 
to an antibody to L523S protein and detecting the presence of 
the antibody bound to L523S protein within the malignant 
cells, in embodiments, such methods may further comprise: 
exposing the biological sample to an antibody to a second 
protein that is a marker of cell lineage and detecting the 
presence of the antibody to the second protein within cells 
corresponding to a particular cell lineage and/or may com 
prise: exposing the biological sample to an antibody to a third 
protein which is a marker of cells that are normal or reactive 
and detecting the presence of the antibody to the third protein 
within cells that are normal or reactive. 
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METHOD FOR DETECTION OF LS23S 
EXPRESSION IN BIOLOGICAL SAMPLES 

TECHNICAL FIELD 

0001. The present invention relates to the use of an anti 
body to L523S in the differentiation of malignant cells from 
benign, reactive or normal cells in biological samples. 

BACKGROUND OF INVENTION 

0002 Some of the primary challenges faced by patholo 
gists in cancer diagnoses relate to distinguishing between 
different types of malignancies and differentiating between 
benign and malignant cell proliferations. 
0003. One example of such type of challenge is in the 
diagnosis of lung neuroendocrine tumors, the spectrum of 
which includes typical carcinoid, atypical carcinoid, large 
cell neuroendocrine carcinoma (LCNEC) and small cell car 
cinoma (SCLC). This spectrum of lung neuroendocrine 
tumors provides a range of phenotypically distinct entities 
with different biological behaviors. Although various types of 
lung neuroendocrine tumors share common neuroendocrine 
features, they differ greatly in their cytogenetic and molecular 
characteristics, highlighting a fundamental molecular diver 
gence among these tumors. Importantly, they exhibit different 
degrees of aggressiveness, with typical carcinoid and SCLC 
representing the two extremes of malignancy. 
0004. In the second instance, benign conditions, including 
inflammatory conditions, infectious processes and benign 
cell proliferations can be difficult to distinguish from malig 
nancy. As one example, the positive identification of malig 
nant cells in lung pleural tissue biopsies and in pleural effu 
sions can be challenging, particularly when both normal and 
reactive mesothelial cells are present. Pathologists generally 
rely on characteristic histologic features to aid in differenti 
ating between benign and malignant conditions, however 
benign/reactive cells can often share these histologic features 
with malignant cells. Furthermore, when evaluating speci 
mens derived from biologic fluids and needle biopsies, it can 
be difficult to obtain specimens with sufficient morphologic 
detail for clinical diagnosis. Another example is in differen 
tiating benign melanocytic nevi from malignant melanoma. 
Benign nevi, especially in those with atypical features can be 
difficult to distinguish from malignant melanoma. 
0005. Another approach, which has lately been widely 
used in cancer diagnostics, is molecular diagnostics. There 
have been described numerous molecular markers of cancer 
cells, such as particular abnormalities in genetic material 
associated with particular forms of cancer, abnormalities on 
the transcription level, specific profiles of the expressed pro 
teins. 
0006 L523S protein is one of the promising molecular 
markers of cancer cells which can be used for the molecular 
cancer diagnostics. The protein is also known as Khomology 
domain containing protein overexpressed in cancer (KOC), 
which has been described by Mueller-Pillasch et al. (Onco 
gene 1997, 14(22), pp. 2729-2733) and by Nielsenet al. (Mol. 
Cell Biol. 1999, 19(2), pp. 1262-1270). Nielsen et al. (Mol. 
Cell Biol. 1999, 19(2), pp. 1262-1270) have determined that 
L523S (KOC) is identical to IMP3, a member of the insulin 
like growth factor II (IGF-II) mRNA-binding protein (IMP) 
family. The L523S protein is a 580 amino acid oncofetal RNA 
binding protein that has four Khomology domains and that 
regulates insulin-like growth factor II (IGF-II) transcripts 
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during embryogenesis. L523S is later re-expressed in a pro 
portion of cancer cells from various types of tumors, includ 
ing pancreatic and lung adenocarcinoma, and it may function 
in promoting tumor cell proliferation by enhancing IGF-II 
protein expression. 
0007 Evidence has previously been presented (for 
instance, in U.S. Patent Application Publications 2003/ 
0236209 A1, 200310.138438A1 and 2002/0147143A1) indi 
cating that L523S may also be present in colon adenocarci 
nomas, prostate adenocarcinomas, CML, AML. Burkitt's 
Lymphoma, brain tumors, retinoblastomas, ovarian tumors, 
teratocarcinomas, uterus myosarcomas, germ cell tumors as 
well as pancreatic and cervical tumor cell lines. Since it was 
first identified in pancreatic carcinomas by Gress, et al. (On 
cogene 1996, 13, pp. 1819-1830), the marker L523S has been 
detected in non-small cell carcinomas of the lung as well as 
other human malignancies. In particular, immunohistochemi 
cal studies have indicated L523S expression is a marker of 
increasingly aggressive biologic potential among pancreatic 
ductal lesions (Istvanic et al., Mod. Pathol. 2005, 18(S1); pp. 
298A-299A). Strong and diffuse immunohistochemical 
expression of this marker is highly sensitive for the identifi 
cation of invasive carcinoma and can be found in both 
severely dysplastic lesions as well as carcinomas of the pan 
creas. In addition, Jiang et al. (Lancet Oncol. 2006, 7, pp. 
556-564) have shown that L523S is expressed in renal cell 
carcinoma. 
0008 Various DNA encoding sequences for and amino 
acid sequences of L523S have been taught in U.S. Pat. Nos. 
6,969,518; 6,960,570; 6,696,247; 6,531,315; 6,518.256; 
6,482,597 and in U.S. Patent Application Publications 2003/ 
0236209 A1: 2003/0138438 A1: 2002/0147143 A1: 2002/ 
O115139 A1 and 2002/0052329 A1. 
0009. Using rtPCR and microarray analyses, it has been 
found (Wang et al., Br JCancer 2003,88(6), pp. 887-894) that 
L523S mRNA expression is minimal in many normal tissues. 
Importantly, however, L523S is widely expressed in many 
malignancies. Istvanic et al. (Mod. Pathol. 2005, 18(S1); pp. 
298A-299A) have found that a subset of carcinomas from 
Various organs-lung, pancreas, esophagus, Stomach, col 
orectum, cervix and bladder—express the L523S protein. 
The restricted and relatively low level expression of L523S in 
a Subset of normal tissue types compared to its presence in 
many different forms of cancer make it a potential marker of 
malignancy. 
0010 Despite of accumulated evidence indicating that 
expression of the L523S protein is associated with metastatic 
potential of cancer cells, full diagnostic and prognostic poten 
tial of estimating the expression of L523S protein in cells for 
molecular diagnostics of cancer and, thus, the value of L523S 
protein a cancer biomarker have not been investigated. 

SUMMARY OF INVENTION 

0011. The present invention relates to use of L523S pro 
tein as a cancer biomarker in methods for diagnosis, progno 
sis, monitoring of cancer and treatment decisions, which 
based on immunodetection of the protein in malignant cells of 
biological samples and, thus, differentiating between normal 
or reactive cells and malignant cells of said biological 
samples. According to the invention differentiating between 
cells of the samples is possible because the expression of 
L523S can be detected only in malignant cells but not in 
normal or reactive cells present in the samples. 
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0012. In general, a cancer may be detected in a patient by 
immunohistochemical test methods or flow cytometry based 
on the presence of one or more distinctive tumor proteins in a 
biological sample (for example, blood, Sera, sputum, pleural 
fluid, peritoneal fluid, urine and/or tumor tissue biopsies) 
obtained from the patient. In other words, such proteins may 
be used as markers to indicate the presence or absence of a 
cancer Such as lung cancer. In addition, such proteins may be 
useful for the detection of other cancers. 
0013 There are a variety of assay formats known to those 
of ordinary skill in the art for using a binding agent to detect 
polypeptide markers in a sample. In general, one commonly 
used detection assay format will comprise the steps of (a) 
contacting a biological sample obtained from a patient with a 
binding agent such as an antibody orantibodies; (b) detecting 
in the sample a level of polypeptide that binds to the binding 
agent, possibly by detecting a label associated with the anti 
body or antibodies. The level of polypeptide bound to the 
binding agent is commonly concerned with the presence or 
absence of a disease. 
0014. The present invention employs anti-L523S antibod 
ies to distinguish between benign and malignant cells in vari 
ous biological samples. Such biological sample could be from 
either humans or animals and could be histological samples, 
e.g. tissue and/or cell specimens, including cell lines, tissues, 
cell preparations, blood, bodily fluids, other biological fluids, 
bone marrow, cytology specimens, blood Smears, thin-layer 
preparations, imprints, cytospins, cell block sections, micro 
arrays, and, frequently, biological samples, such as biopsy 
specimens, disposed on microscope slides. 
0015. In addition, the invention uses an antibody to a 
marker of cell lineage together with anti-L523S to aid in the 
clinical evaluation by determining the tissue of origin of cells, 
which can be important for prognosis and for treatment deci 
sions. Furthermore, the invention employs antibodies to pro 
teins whose expression is restricted to benign/reactive cells in 
the panel to confirm the diagnosis of benign processes. 
0016. Thus, a first aspect the invention relates to a method 
for differentiating between normal or reactive cells and 
malignant cells in biological samples characterized by: 

0017 exposing the biological sample to an antibody to 
L523S protein; and 

0018 detecting the presence of the antibody bound to 
L523S protein within the malignant cells. 

0019. Another aspect of the invention relates to a method 
for differentiating between normal or reactive cells and 
malignant cells in a tissue sample characterized by: 

0020 exposing a first portion of the tissue sample to an 
antibody to L523S protein; and 

0021 detecting the presence of the antibody bound to 
L523S protein within the malignant cells. 

0022. Still, in another aspect, the invention relates to a 
method for differentiating between normal or reactive cells 
and malignant cells in a biological sample comprising a cell 
monolayer or cell pellet derived from a biological fluid char 
acterized by: 

0023 exposing a first portion of the biological sample 
to an antibody to L523S protein; and 

0024 detecting the presence of the antibody bound to 
L523S protein within the malignant cells. 

0025 All abovementioned aspects of the invention may 
comprise detection of other biomarkers specific for reactive 
and/or normal cells which may be presentina sample selected 
for the immunochemical detection of the L523S protein. As 
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mentioned above, such detection may be advantageous to the 
diagnosis of benign processes or treatment decisions. In 
embodiments which comprise Such detection, the above 
mentioned methods may comprise exposing the biological 
sample to an antibody to a second protein that is a marker of 
cell lineage and detecting the presence of the antibody to the 
second protein within cells corresponding to a particular cell 
lineage. In embodiments, such methods may further comprise 
exposing the biological sample to an antibody to a third 
protein which is a marker of cells that are normal or reactive 
and detecting the presence of the antibody to the third protein 
within cells that are normal or reactive. The second protein 
may be calretinin and the third protein may be desmin. The 
detecting steps may comprise immunohistochemical staining 
or flow cytometry. 
0026. Still, a further aspect of the invention relates to a 
panel of biomarkers which may be used for the purpose of 
differentiating between normal or reactive cells and malig 
nant cells in a biological sample. Further, the invention relates 
to a kit for the differentiation between normal or reactive cells 
and malignant cells in a biological sample, wherein the kit 
comprises a panel of antibodies to the proteins of the 
described panel, wherein at least one of the antibodies is an 
anti-L523S antibody, at least one another antibody is an anti 
body a second protein which a marker of a particular cell 
lineage, and at least one another antibody is an antibody to a 
third protein which is a marker of cells that are normal or 
reactive. In particular such kit comprises an anti-L523S anti 
body, an antibody to calretinin and antibody to desmin. 

DESCRIPTION OF DRAWINGS 

0027 FIG. 1A is a flow chart that schematically illustrates 
a first method for distinguishing malignant tissue or cells in 
accordance with the invention. 
0028 FIG. 1B is a flow chart that schematically illustrates 
a second method for distinguishing malignant tissue or cells 
in accordance with the invention. 
0029 FIG. 2A shows a photomicrograph of normal lung 
pleura immunostained with anti-Calretinin demonstrating 
normal mesothelial cells positively stained in a line on the 
edge of the tissue. 
0030 FIG.2B shows a photomicrograph of a serial section 
of the normal lung pleura of FIG. 1A immunostained with 
anti-L523S demonstrating a lack of immunoreactivity of anti 
L523S with normal mesothelial cells present. 
0031 FIG. 3A shows a photomicrograph of reactive 
mesothelial cells within a normal lung pleural biopsy immu 
nostained with anti-Calretinin, demonstrating positively 
stained reactive mesothelial cells. 
0032 FIG.3B shows a photomicrograph of a serial section 
of the lung pleural biopsy of FIG. 3A immunostained with 
anti-desmin demonstrating positively stained reactive 
mesothelial cells. 
0033 FIG.3C shows a photomicrograph of a serial section 
of the lung pleural biopsy of FIG. 3A immunostained with 
anti-L523S demonstrating a lack of immunostaining of anti 
L523S with reactive mesothelial cells. 
0034 FIG. 4A is a photomicrograph of a lung pleural 
biopsy with mesothelioma immunostained with anti-L523S. 
0035 FIG. 4B is a photomicrograph of a lung pleural 
biopsy with melanoma immunostained with anti-L523S. 
0036 FIG. 4C is a photomicrograph of a lung pleural 
biopsy with lung adenocarcinoma immunostained with anti 
L523S. 
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0037 FIG. 4D is a photomicrograph of a lung pleural 
biopsy with lung spindle cell carcinoma immunostained with 
anti-L523S. 
0038 FIG. 4E is a photomicrograph of a lung pleural 
biopsy with lung squamous cell carcinoma immunostained 
with anti-L523S. 
0039 FIG. 5A is a photomicrograph of a lung pleural 
biopsy containing mesothelioma immunostained with anti 
L523S, demonstrating cytoplasmic staining within the cancer 
cells. 
0040 FIG. 5B is a photomicrograph of a serial section of 
the lung pleural biopsy of FIG. 4A immunostained with anti 
desmin showing positive staining of only muscle elements of 
the tissue. 

DISCLOSURE OF INVENTION 

0041. In order to overcome the aforementioned challenges 
in the art, novel methods for detection of L523S expression in 
biological samples are herein disclosed. 
0042. Before the present invention is described, it is to be 
understood that this invention is not limited to the particular 
embodiments described, as such methods, devices, and for 
mulations may, of course, vary. It is also to be understood that 
the terminology used herein is for the purpose of describing 
particular embodiments only, and is not intended to limit the 
scope of the present invention which will be limited only by 
the appended claims. It must be noted that as used herein and 
in the appended claims, the singular forms 'a,” “an and 
“the include plural referents unless the context clearly dic 
tates otherwise, and includes reference to equivalent steps and 
methods known to those skilled in the art. 
0043. Unless defined otherwise, all technical and scien 

tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Although any methods and materials simi 
lar or equivalent to those described herein can be used in the 
practice or testing of the present invention, the preferred 
methods and materials are now described. All publications 
mentioned herein are incorporated herein by reference to 
disclose and describe the specific methods and/or materials in 
connection with which the publications are cited. 
0044) 1. Methods for Differentiating Between Normal or 
Reactive Cells and Malignant Cells 
0045. As it is mentioned above a first aspect of the inven 
tion relates to a method for differentiating between normal or 
reactive cells and malignant cells in biological samples char 
acterized by: 

0046 exposing the biological sample to an antibody to 
L523S protein; and 

0047 detecting the presence of the antibody bound to 
L523S protein within the malignant cells. 

0048. By the term “differentiating in the present context 
is meant to identify a difference between cells present in a 
biological sample, in particular in a sample which comprise a 
plurality of cells corresponding to different cell lineages, such 
as for example cells of a biopsy sample. By "cell lineage' is 
meant a pedigree of cells related through mitotic division. 
Some embodiments of the invention particularly relate, but 
not limited, to mesothelial cell lineages, which may be mor 
phologically characterized by the presence of flattened epi 
thelial cells of mesenchymal origin that line the serous cavi 
ties of the body. 
0049. By “biological sample is meant a sample compris 
ing biological material, in particular a sample of comprising 

Feb. 26, 2009 

cells, e.g. a sample comprising cells derived from a cell cul 
ture, for example cell pellet or cell Suspension, Sample of 
body tissue or body fluid, biopsy sample. By “tissue sample 
is meant a collection of similar cells obtained from a tissue of 
a subject or patent, preferably containing nucleated cells with 
chromosomal material. The four main human tissues are (1) 
epithelium; (2) the connective tissues, including blood ves 
sels, bone and cartilage; (3) muscle tissue; and (4) nerve 
tissue. The Source of the tissue sample may be solid tissue as 
from a fresh, frozen and/or preserved organ or tissue sample 
or biopsy or aspirate; blood or any blood constituents: bodily 
fluids such as cerebral spinal fluid, amniotic fluid, lung pleu 
ral effusion, peritoneal fluid, or interstitial fluid; cells from 
any time in gestation or development of the Subject. The 
tissue sample of the invention may also be primary or cultured 
cells or cell lines. The tissue sample may contain compounds 
which are not naturally intermixed with the tissue in nature 
Such as preservatives, anticoagulants, buffers, fixatives, nutri 
ents, antibiotics, or the like. 
0050. In one embodiment of the invention, the biological 
sample is a biopsy sample, in another embodiment of the 
invention the biological sample is a sample of any tissue 
identified above, in another embodiment the biological 
sample may be a sample of bodily fluids, in still another 
embodiment the biological sample may be a sample of cell 
specimens, including cell lines, tissues, cell preparations, 
blood, other biological fluids, bone marrow, cytology speci 
mens, blood Smears, thin-layer preparations, imprints, 
cytospins, cell block sections, micro-arrays, and, frequently, 
biological samples, such as biopsy specimens, disposed on 
microscope slidescultured cells or a sample derived from 
cultured cells, such as cell pellet or culture medium collected 
from cultured cells. Particular non-limited examples of the 
invention include a biopsy of pigmented skin lesion, mono 
layer or pellet or cell block section derived from a biological 
fluid, wherein the fluid is lung pleural effusion. 
0051. The above mentioned and below described methods 
include according to the invention assaying biological 
samples for the presence of particular cells, such as malig 
nant, normal and/or reactive cells by employing antibodies to 
specific biomarkers of said cells. 
0.052 The term “antibody” refers to an immunoglobulin 
molecule or a fragment thereof having the ability to specifi 
cally bind to a particular antigen. The antibody may be an 
anti-marker protein antibody specific for the protein used in 
the assay. Thus, the antibody may be capable of specifically 
binding the protein marker as the antigen. Antibodies and 
methods for their manufacture are well known in the art of 
immunology. The antibody may be produced, for example, by 
hybridoma cell lines, in which case the antibody will be 
capable of specific binding to a single specific site on the 
antigen termed “epitope', and the antibody characterized by 
this feature is termed “monoclonal antibody', by immuniza 
tion to elicit a polyclonal antibody response, which means 
that an antibody capable of recognizing multiple sites, 
epitopes, on the antigen is produced, or by recombinant host 
cells that have been transformed with a recombinant DNA 
expression vector that encodes the antibody. Antibodies 
include but are not limited to immunoglobulin molecules of 
any isotype (IgA, IgG, IgE, Ig), IgM), and active fragments 
including Fab, Fab'. F(ab'), Facb, Fv, Sclv, Fd, V and V. 
Examples of antibodies include but are not limited to single 
chain antibodies, chimeric antibodies, mutants, fusion pro 
teins, humanized antibodies and any other modified configu 
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ration of an immunoglobulin molecule that comprises an 
antigen recognition site of the required specificity. The inven 
tion relates to any type of antibody molecule or a fragment 
thereof which is suitable for use in the methods disclosed 
herein. The invention relates to antibody fragments which 
remain the capability of the corresponding antibody to spe 
cifically bind to the antigen. The invention relates to both 
primary and secondary antibodies. The “primary antibody' is 
an antibody which is specific for a particular antigen. By 
“secondary antibody' is meant an antibody which is capable 
of specifically recognizing an immunoglobulin molecule. 
Thus, the secondary antibody may be defined as an antibody 
against the primary antibody. 
0053 As it has already been mentioned an antibody of the 
invention may be any antibody or a fragment thereof, how 
ever, in some embodiments, a monoclonal antibody may be 
preferred. Monoclonal antibodies contain only one single 
species of antibody combining site, or paratope, capable of 
immunoreacting with a particular epitope. However, a mono 
clonal antibody may comprise more than one specific anti 
body combining site. Such antibodies being polyspecific, e.g. 
bispecific. Suitably the present monoclonal antibodies are 
monospecific and comprise a single paratope specific for the 
marker to be detected. 
0054 The preparation of antibodies including antibody 
fragments and other modified forms is described, for 
example, in "Immunochemistry in Practice. Johnstone and 
Thorpe, Eds. Blackwell Science, Cambridge, Mass., 1996; 
"Antibody Engineering, 2nd edition, C. Borrebaeck, Ed., 
Oxford University Press, New York, 1995: “Immunoassay, 
E. P. Diamandis and T. K. Christopoulos, Eds. Academic 
Press, Inc., San Diego, 1996: “Handbook of Experimental 
Immunology.” Herzenberg et al., Eds, Blackwell Science, 
Cambridge, Mass., 1996; and “Current Protocols in Molecu 
lar Biology’ F. M. Ausubel et al., Eds. Greene Pub. Associ 
ates and Wiley linterscience, 1987, the disclosures of which 
are incorporated herein. In particular, the preparation of 
monoclonal antibodies, which is well known in the art, was 
first disclosed by Koehler and Milstein, Nature, 256: 495 
497, 1975. 
0055 Assaying the samples include a step of detecting the 
antibody bound to the corresponding biomarker. Accord 
ingly, an antibody of the invention may be detectably labeled. 
Numerous labels are available which can be generally 
grouped into the following-categories: 

0056 (a) Radioisotopes, such as S, ''C, 'I, H, and 
131I. The antibody can be labeled with the radioisotope 
using the techniques described in Current Protocols in 
Immunology, Volumes 1 and 2, Coligenet al., Ed. Wiley 
Interscience, New York, N.Y., Pubs. (1991) for example 
and radioactivity can be measured using Scintilation 
counting. 

0057 (b) Colloidal gold particles. 
0.058 (c) Fluorescent labels including, but are not lim 
ited to, rare earth chelates (europium chelates), Texas 
Red, rhodamine, fluorescein, dansyl, Lissamine, umbel 
liferone, phycocrytherin, phycocyanin, or commercially 
available fluorophores such SPECTRUM ORANGER) 
and SPECTRUM GREENR) and/or derivatives of any 
one or more of the above. The fluorescent labels can be 
conjugated to the antibody using the techniques dis 
closed in Current Protocols in Immunology, Supra, for 
example. Fluorescence can be quantified using a fluo 
rimeter. 
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0059 (d) Various enzyme-substrate labels are available 
and U.S. Pat. No. 4,275,149 provides a review of some 
of these. The enzyme generally catalyzes a chemical 
alteration of the chromogenic Substrate that can be mea 
Sured using various techniques. For example, the 
enzyme may catalyze a color change in a Substrate, 
which can be measured spectrophotometrically. Alter 
natively, the enzyme may alter the fluorescence or 
chemiluminescence of the Substrate. Techniques for 
quantifying a change in fluorescence are described 
above. The chemiluminescent substrate becomes elec 
tronically excited by a chemical reaction and may then 
emit light which can be measured (using a chemilumi 
nometer, for example) or donates energy to a fluorescent 
acceptor. Examples of enzymatic labels include 
luciferases (e.g., firefly luciferase and bacterial 
luciferase; U.S. Pat. No. 4.737,456), luciferin, 2,3-dihy 
drophthalazinediones, malate dehydrogenase, urease, 
peroxidase such as horseradish peroxidase (HRPO), 
alkaline phosphatase, B-galactosidase, glucoamylase, 
lysozyme, Saccharide oxidases (e.g., glucose oxidase, 
galactose oxidase, and glucoseo-phosphate dehydroge 
nase), heterocyclic oxidases (such as uricase and Xan 
thine oxidase), lactoperoxidase, microperoxidase, and 
the like. Techniques for conjugating enzymes to anti 
bodies are described in O'Sullivanet al., Methods for the 
Preparation of Enzyme-Antibody Conjugates for use in 
Enzyme Immunoassay, in Methods in Enzym. (ed J. 
Langone & H. Van Vunakis), Academic press, New 
York, 73:147-166 (1981). 

0060 Examples of enzyme-substrate 
include, for example: 

0061 (i) Horseradish peroxidase (HRP) with hydrogen 
peroxidase as a Substrate, wherein the hydrogen peroxi 
dase oxidizes a dye precursor e.g., orthophenylene 
diamine (OPD) or 3,3',5.5"tetramethylbenzidine hydro 
chloride (TMB): 

0062 (ii) alkaline phosphatase (AP) with para-Nitro 
phenyl phosphate as chromogenic Substrate; and 

0.063 (iii) f-D-galactosidase (B-3-D-Gal) with a chro 
mogenic Substrate (e.g., p-nitrophenyl-B-D-galactosi 
dase) or fluorogenic Substrate (e.g., 4-methylumbel 
liferyl-B-D-galactosidase). 

0064. Numerous other enzyme-substrate combinations 
are available to those skilled in the art. For a general review of 
these, see U.S. Pat. Nos. 4,275,149 and 4,318,980. 
0065. Sometimes, the label may be indirectly conjugated 
with the antibody. The skilled artisan will be aware of various 
techniques for achieving this. For example, the antibody can 
be conjugated with biotin and any of the four broad categories 
of labels mentioned above can be conjugated with avidin, or 
vice versa. Biotin binds selectively to avidin and thus, the 
label can be conjugated with the antibody in this indirect 
manner. Alternatively, to achieve indirect conjugation of the 
label with the antibody, the antibody may be conjugated with 
a small hapten and one of the different types of labels men 
tioned above is conjugated with an anti-hapten antibody. 
Thus, indirect conjugation of the label with the antibody can 
be achieved. In some embodiments of the invention one or 
more secondary antibody molecules may be conjugated with 
a label-conjugated polymer backbone. Thus, amplification of 
the signal may be achieved. 
0.066 Indirectly and directly labeled secondary antibodies 
are also commercially available. For example, one example of 

combinations 
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commercially available label-conjugated polymer backbone 
carrying secondary antibody molecules reagent is EnVi 
sionTM reagent (DAKO). A secondary antibody carrying a 
label aimed for a particular type of detection may be obtained 
from numerous manufacturers. 

0067. According to the invention, detecting the antibody 
bound to a marker protein, such as L523S or other protein of 
the invention, may comprise detecting an immunohis 
tochemical stain. Thus, a method for differentiating between 
normal or reactive cells and malignant cells in biological 
samples comprising a step of immunohistochemical detec 
tion (IHC) of a marker protein is one of the embodiments of 
the invention. 

0068. Two general methods of IHC are available at 
present: direct and indirect assays. According to the first 
assay, binding of antibody to the target protein is determined 
directly. This direct assay uses a labeled reagent, Such as a 
fluorescent tag or an enzyme-labeled primary antibody, 
which can be visualized without further antibody interaction. 
Such detection is preferred embodiment of the invention. In a 
typical indirect assay, unconjugated primary antibody binds 
to the protein-antigen and then a labeled secondary antibody 
binds to the primary antibody. Where the secondary antibody 
is conjugated to an enzymatic label, a chromagenic or fluo 
rogenic Substrate is added to provide visualization of the 
antigen. Signal amplification occurs because several second 
ary antibodies may react with different epitopes on the pri 
mary antibody. Using labeled secondary antibodies is another 
preferred embodiment of the invention. Further amplification 
of the signal maybe achieved when a detection method com 
prises using a label-conjugated polymer backbone that carries 
a number of secondary antibody molecules. Such method is 
another embodiment of the invention. Particular embodi 
ments of these detection methods relate to an enzyme-labeled 
secondary antibodies and enzyme-conjugated polymer back 
bone that carries secondary antibody molecules. The 
examples of enzymes may be selected but not limited to 
commonly used horse radish Peroxidase (HRP) or alkaline 
phosphatase (AP). 
0069. The sample preparation procedures, treatment of the 
tissue section prior to, during or following IHC may be 
desired. For example, epitope retrieval methods, such as heat 
ing the tissue sample in citrate buffer may be carried out see, 
e.g., Leong et al. Appl. Immunohistochem. 4(3): 201 (1996). 
0070 Following an optional blocking step, the tissue sec 
tion is exposed to primary antibody for a sufficient period of 
time and under Suitable conditions such that the primary 
antibody binds to the target protein antigen in the tissue 
sample. Appropriate conditions for achieving this can be 
determined by routine experimentation. 
0071. A signal for the bound antibody may be amplified by 
using well-known in the art methods and reagents available 
from commercial manufacturers. 

0072 Specimens thus prepared may be mounted and cov 
erslipped. Slide evaluation is then determined, e.g. using a 
microscope. 
0073. The extent of binding of antibody to the sample is 
determined by using any one of the detectable labels dis 
cussed above. Some times may be preferred the label which is 
an enzymatic label (e.g. horse radish peroxidase) which cata 
lyzes a chemical alteration of the chromogenic Substrate Such 
as 3,3'-diaminobenzidine chromogen. Preferably the enzy 
matic label is conjugated to antibody which binds specifically 
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to the primary antibody (e.g. the primary antibody is rabbit 
polyclonal antibody and secondary antibody is goat anti 
rabbit antibody). 
0074 The antibodies and labeled antibodies according to 
the invention may be used in a variety of immunoimaging or 
immunoassay procedures to detect the presence of cells 
expressing the L523S protein or cells expressing other marker 
protein in a biological sample. This aims to detect a cancer in 
a patient or monitor the status of Such cancer in a patient 
already diagnosed to have it. When used to monitor the status 
of a cancer a quantitative immunoassay procedure may be 
used. Such monitoring assays are carried out periodically and 
the results compared to determine whether the patients tumor 
burden has increased or decreased. Common assay tech 
niques that may be used include direct and indirect assays. 
Direct assays involve incubating a tissue sample or cells from 
the patient with a labeled antibody. If the sample comprise 
L523S protein bearing cells such as includes lung cancer or 
cells chosen from the group consisting of melanoma, 
mesothelioma, lung adenocarcinoma, spindle cell carcinoma, 
squamous cell carcinoma, colonic adenocarcinoma, ovarian 
carcinoma, gastric carcinoma, pancreatic carcinoma, asctro 
cytoma, Hodgkin's lymphoma, lymphoma, malignant fibrous 
histocytoma, Ewing's sarcoma and carcinoid, the labeled 
antibody of the invention will bind to those cells. After wash 
ing the tissue or cells to remove unbound labeled antibody, the 
tissue sample is read for the presence of labeled immune 
complexes. 
(0075 Labeled by antibodies cells in fluid samples may be 
identified by flow cytometry which is commonly used for this 
purpose in the art. 
0076 All the above disclosed embodiments relate to all 
methods of the invention aimed for the differentiating 
between normal or reactive cells and malignant cells in bio 
logical samples. In particular, these methods include methods 
comprising detecting a single biomarker of malignant cells, 
the L523S protein, such as: 
0077. 1. a method for differentiating between normal or 
reactive cells and malignant cells in biological samples char 
acterized by: 

0078 exposing the biological sample to an antibody to 
L523S protein; and 

0079 detecting the presence of the antibody bound to 
L523S protein within the malignant cells; 

0080 2. a method for differentiating between normal or 
reactive cells and malignant cells in a tissue sample charac 
terized by: 

0081 exposing a first portion of the tissue sample to an 
antibody to L523S protein; and 

0082) detecting the presence of the antibody bound to 
L523S protein within the malignant cells. 

I0083. 3. a method for differentiating between normal or 
reactive cells and malignant cells in a biological sample com 
prising a cell monolayer, pellet or cell block section derived 
from a biological fluid characterized by: 

0084 exposing a first portion of the biological sample 
to an antibody to L523S protein; and 

0085 detecting the presence of the antibody bound to 
L523S protein within the malignant cells; 

0086. In some embodiments the methods of the inventions 
may include one or more additional steps comprising detect 
ing the presence of one or more other protein markers specific 
for other particular types of cells present in the analyzed 
samples. In particular, the invention relates to methods for 
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differentiating between normal or reactive cells and malig 
nant cells in biological samples which comprise the steps of 
exposing the biological sample or a portion thereof to an 
antibody to L523S protein and detecting the presence of the 
antibody bound to L523S protein within the malignant cells, 
and one or more additional steps, such as the steps of 

I0087 exposing the biological sample, or a portion 
thereof, to an antibody to a second protein that is a 
marker of cell lineage; 

I0088 and detecting the presence of the antibody to the 
second protein within cells corresponding to a particular 
cell lineage; and/or the steps of 

I0089 exposing the biological sample, or a portion 
thereof, to an antibody to a third protein which is a 
marker of cells that are normal or reactive; and 

0090 detecting the presence of the antibody to the third 
protein within cells that are normal or reactive. 

0091. In particular, the invention relates to one or more 
other protein markers selected from protein markers of nor 
mal or reactive, or proteins that are markers of particular cell 
lineages. Specifically, the invention relates to calretinin as a 
marker of a particular cell lineage, e.g. a mesothelial cell 
lineage, and desmin as a marker of normal or reactive cells, 
such as benign cells. However, the invention is not limited to 
these particular protein markers. A selection of Such protein 
marker will in most embodiments depend on particular type 
of biological sample to be analyzed, depending on cellular 
phenotypes present in the sample. 
0092. By "portion” of biological sample, in particular 
"portion of tissue sample is meant a “section' or “apart of 
a solid or fluid sample or cell sample by which is meant a 
single part or piece of said sample, e.g. a thin slice of tissue or 
cells cut from a tissue sample. It is understood that multiple 
sections of tissue samples may be taken and Subjected to 
analysis according to the present invention, provided that it is 
understood that the present invention comprises a method 
whereby the same section of biological sample may be ana 
lyzed at both morphological and molecular levels, or is ana 
lyzed with respect to one or more molecular markers, e.g. 
L523S, desmin and/or calretinin. In some embodiments dif 
ferent portions of the same Solid tissue sample or biological 
fluid sample may be analyzed for the presence of different 
molecular markers described herein. 
0093 All methods of the invention may comprise one or 
more further Sub-steps. Such as detection Sub-steps steps 
which may improve or enhance the signal, for example the 
Sub-steps of: 

0094 further exposing the biological sample, or a por 
tion thereof, to a labeled secondary antibody that reacts 
with the antibody bound to L523S protein, or with the 
antibody bound to a protein which is a marker of cells 
that are normal or reactive, or with the antibody bound to 
a protein which is a marker a particular cell lineage; and 

0.095 detecting the presence of the labeled secondary 
antibody; or sub-steps of: 

0096 further exposing the biological sample, or a por 
tion thereof, to a labeled reagent comprising an enzyme 
conjugated polymer backbone that carries secondary 
antibody molecules that react with the antibody bound to 
L523S protein, or with the antibody bound to a protein 
which is a marker of cells that are normal or reactive, or 
with the antibody bound to a protein which is a marker a 
particular cell lineage; and 

0097 detecting the presence of the labeled reagent. 
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0098. According to the invention the above described 
methods are useful for differentiating between normal or 
reactive cells and malignant cells in biological samples 
wherein the type of malignant cells is chosen from the group 
consisting of melanoma, mesothelioma, lung adenocarci 
noma, spindle cell carcinoma, squamous cell carcinoma, 
colonic adenocarcinoma, ovarian carcinoma, gastric carci 
noma, pancreatic carcinoma, asctrocytoma, Hodgkin’s lym 
phoma, lymphoma, malignant fibrous histocytoma, Ewing's 
sarcoma and carcinoid 
0099 2. Protein Panels and Kits 
0100. The present invention also discloses a panel of pro 
tein markers which are useful for differentiating between 
normal or reactive cells and malignant cells In biological 
samples, said panel comprising a marker of malignant cells, a 
marker of normal or reactive cells and a marker of cells of a 
particular cell lineage. Particularly, the invention relates to a 
panel consisting of L523S protein as a marker of malignant 
cells, desmin as a marker or normal or reactive cells, and 
calretinin as a marker of a particular cell lineage. Use of this 
panel of protein markers can be aid in the clinical evaluation 
by determining the tissue of origin of cells, which can be 
important for prognosis and for treatment decisions. The 
markers are identified in the corresponding cells by antibod 
ies to these markers. Accordingly, in a further aspect, the 
invention relates to a kit which comprises a panel of antibod 
ies capable of recognizing the panel of biomarkers identified 
above. The panel of antibodies according to the invention 
comprises at least one antibody reagent to a protein marker of 
malignant cells, at least antibody reagent to a protein marker 
ofaparticular cell lineage and/or at least one antibody reagent 
to a protein marker of normal or reactive cells. In some 
embodiments the panel may comprise two or more different 
antibody reagent to any of the members of the abovemen 
tioned panel of biomarkers, wherein at least one of said anti 
bodies is capable of recognizing and specifically binding to a 
marker of malignant cells and at least one another antibody is 
capable of recognizing and specifically binding to a marker of 
a particular cell lineage. Preferably, the malignant cell marker 
is L523S protein, the normal or reactive cell marker is desmin, 
and the cell lineage marker is calretinin. 
0101 Akit comprising a panel of antibodies of the inven 
tion may comprise both primary antibodies and secondary 
antibodies. In such embodiment the secondary antibodies 
may contain a detectable label. In some embodiments the kit 
may contains several different secondary antibodies which 
may comprise different labels. This may be aid to simulta 
neous detection of the panel biomarker described above. In 
Some embodiments the kit may comprise only primary anti 
bodies. In some embodiments the primary antibodies of such 
kit may be labeled. Preferably, the primary antibodies com 
prised by the kit are monoclonal antibodies. 
0102 The may also comprise other reagents necessary for 
the detection of the label. 

0103) A particular kit of the invention may consists of an 
antibody to L523S protein, an antibody to desmin and an 
antibody to a marker of a particular cell lineage and further 
comprises one or more non-primary antibody reagents. 
Another particular kit may consists of an antibody to L523S 
protein, an antibody to calretinin and an antibody to a marker 
of cells with are normal or reactive, and further comprises one 
or more non-primary antibody reagents. In still another par 
ticular embodiment the kit may comprise an antibody to 
L523S protein, an antibody to desmin and an antibody to 



US 2009/0053731 A1 

calretinin, and further comprises one or more non-primary 
antibody reagents. The wording "comprise' in the present 
context means that the kit consists of the indicated antibodies 
and other reagents, which are not primary antibodies to other 
protein markers. However, in some embodiments, the kits of 
the invention may further comprise additional primary anti 
body reagents to other cell markers of the discussed above 
cellular types, i.e. malignant cell markers, normal or reactive 
cell markers and cell lineage markers 
0104. A kit comprising the panel of antibodies to the 
markers described above is successfully used for analysis of 
cells of biopsy samples of pigmented skin and diagnosis of 
melanoma. Therefore, a kit comprising Such panel of anti 
bodies may be in one embodiment aimed for the detection of 
melanoma. In other embodiments the kit may be used for the 
detection of mesothelioma, lung adenocarcinoma, spindle 
cell carcinoma, squamous cell carcinoma, colonic adenocar 
cinoma, ovarian carcinoma, gastric carcinoma, pancreatic 
carcinoma, asctrocytoma, Hodgkin's lymphoma, lymphoma, 
malignant fibrous histocytoma, Ewing's sarcoma or carcinoid 

EXAMPLES 

0105. Materials 
0106. In a first set of experiments, formalin-fixed paraffin 
embedded (FFPE) human lung pleural tissue biopsies were 
obtained and immunohistochemically examined. These 
samples were derived from twenty-eight cases consisting of 
nine normal lung pleura and lung pleura containing the fol 
lowing malignancies: mesothelioma (thirteen cases), mela 
noma (a single case), adenocarcinoma (three cases), spindle 
cell carcinoma (a single case) and squamous cell carcinoma 
(a single case). Two cases of normal pericardial tissue con 
taining an intact mesothelial layer were also obtained. Addi 
tionally, FFPE biopsies of malignant tumors of colonic 
adenocarcinoma, ovarian carcinoma, gastric carcinoma, pan 
creatic carcinoma, astrocytoma, Hodgkin's lymphoma, lym 
phoma, malignant fibrous histocytoma, Ewing's sarcoma and 
carcinoid were obtained and examined. Some of the tissue 
samples were provided by the Cooperative Human Tissue 
Network, which is funded by the National Cancer Institute. 
0107. In another set of experiments, a total of forty-six 
Surgically resected lung neuroendocrine tumor specimens 
from forty-six patients were immunohistochemically studied 
according to the methods of the invention. These samples 
were retrieved from the Surgical pathology archives from 
January 1996 to March 2006 at University of Rochester 
Medical Center and from January 1994 to January 2005 at 
Washington University Medical Center. These lung neuroen 
docrine tumor specimens included sixteen typical carcinoids, 
six atypical carcinoids, fourteen LCENCs and ten SCLCs. 
0108. In a third set of experiments, fifty-one samples with 
paraffin embedded pleural effusion cell blocks were retrieved 
and immunohistochemically studied according to methods of 
the invention. These samples had previously been diagnosed 
as either benign (sixteen) or malignant pleural effusion 
(thirty-five, including ten malignant mesotheliomas, ten lung 
adenocarcinomas, seven breast adenocarcinomas, four 
colonic adenocarcinomas, three Small cell carcinomas and a 
single squamous cell carcinoma). 
0109. In a fourth set of experiments, eighty slides contain 
ing benign urothelium and various urothelial lesions were 
immunohistochemically studied. In a final, fifth, set of experi 
ments, thirty-three Surgically excised or biopsied melano 
cyticlesions, including fourteen malignant melanomas (com 
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prising thirteen from skin with Breslow depth from 0.275 mm 
to 1.3 cm and one from metastasis in Soft tissue of the arm), 
eight dysplastic nevi, and eleven benign nevi (all of which 
may, collectively, be referred to as pigmented skin lesions) 
were immunohistochemically studied. 
0110 Procedures 
0111. The tissue biopsies were sectioned by microtome at 
4 um and mounted on charged slides. The tissue samples on 
slides were deparaffinized according to established proce 
dures and, and, in Some cases, rehydrated in graded alcohols. 
Generally, the samples were then washed in running water 
and Tris buffer saline (TBS) consisting of 50 mM Tris-HCl 
(pH 7.6), 150 mMNaCl and 0.05%Tween 20. Next, the slides 
were pretreated with heat-induced epitope retrieval in Target 
Retrieval Solution pH 9.0 or pH 6.0 (provided by Dako, 
Glostrup Denmark), and cooled for between fifteen and 
twenty minutes at room temperature. 
0112 Immunohistochemistry was performed using the 
EnVision+ System, HRP (Dako) and performed either manu 
ally (with or without humid chamber) or using the Dako 
Autostainer. Endogenous peroxidase was quenched by incu 
bating sections in 3% hydrogen peroxide for five to six min 
utes. Mouse monoclonal anti-human L523S (Dako) clone 
69.1 was used at a concentration of 0.5 g/ml on tissue pre 
treated with a 30-40 minute heating protocol. Mouse mono 
clonal anti-human desmin (Dako) clone D33 was used at 4.7 
ug/ml on tissue pretreated with a 20-minute heating protocol. 
Lung pleural tissue biopsies and pleural effusions were also 
stained with calretinin. For these, mouse monoclonal anti 
human calretinin (Dako) clone DAK Calret 1 was used at 1.3 
ug/ml on tissue pretreated with a 20-minute heating protocol. 
Lung pleural effusion samples were also stained with CK5/6. 
In many cases, a negative control reagent was also used with 
each tissue sample to confirm the specificity of the immun 
ostaining. The various primary antibodies were applied to the 
tissue and incubated for between thirty and sixty minutes, 
depending upon sample, and slides were rinsed with Tris 
Buffered Saline with Tween (TBST). Bound antibody was 
detected by incubating with a peroxidase-conjugated Envi 
sion+ polymer detection system, which, in addition, also car 
ries secondary link antibody molecules (rabbit or mouse) 
(Dako), or goat-anti-rabbit or horse-anti-mouse IgG-biotin 
and streptavidin-HRP for 30 minutes. Finally, the slides were 
incubated in 3,3'-diaminobenzidine (DAB+) substrate/chro 
mogen Solution or AEC+Substrate-Chromogen (Dako), 
depending upon sample, for 10 minutes, rinsed in DI water, 
counterstained with hematoxylin and mounted and viewed 
under a light microscope. 
0113. Accordingly, modes for carrying out the invention 
are summarized in and may be understood with reference to 
FIG. 1A and FIG. 1B, which are flow charts that schemati 
cally illustrate first and second methods for differentiating 
between normal or reactive cells and malignant cells in a 
biological sample in accordance with the present invention. 
The first method 15, schematically illustrated in FIG. 1A, 
comprises two steps. In the first step 17, the biological 
sample, or a portion of the biological sample, is exposed to an 
antibody to L523S protein, so as to enable the antibody to 
bind to this marker protein (if any). Subsequently, in the 
second step 19, the antibody that has bound to L235S within 
the sample is then detected. A detected level or amount above 
or greater Some pre-determined threshold is then taken as a 
positive indication of malignancy or of the aggressiveness or 
grade of the malignancy. As one example, both the intensity 
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of cytoplasmic staining (0 to 3+) and the percentage of cells 
stained (0-100%) may be recorded in step 19, with positive 
staining being defined as 2+ or 3+ intensity (for example) in 
10% or more cells (for example). As another example, posi 
tive staining may be defined as instances in which more than 
10% of cells show cytoplasmic staining of any staining inten 
S1ty. 
0114. In general, the detection of the bound antibody will 
be achieved by detecting some label. Such as a chromogen or 
fluorochrome. In general, this detection will be through 
microscopic analysis, either manual or automated. The bio 
logical sample will often be a tissue biopsy but may, instead, 
be a biological fluid, Such as a sample of lung pleural effusion. 
Often, only a portion of a biological sample, rather than the 
entire biological sample, will be exposed to an antibody to 
L523S protein in step 17. If the sample is a tissue sample, the 
portion may, for instance, be a thin slice of the tissue sample 
as produced by a microtome. If the sample is of a body fluid 
orderived or taken from a body fluid, then the sample portion 
may assume one of a variety of different physical configura 
tions, such as a cell monolayer formed by Swabbing or Smear 
ing the fluid onto a microscope slide (e.g., a Smear) or by 
centrifugation of the fluid or a cell pellet formed by centrifu 
gation of the fluid. Although the intensity and location of 
staining of stained biological samples are frequently deter 
mined visually by microscopy of samples mounted on slides, 
flow cytometry techniques could instead be used to detect and 
enumerate cells (disaggregated and derived from either from 
either tissue or fluid samples) having one or more types of 
chemical labels specific to the markers described herein. 
0115 The second method 25, schematically illustrated in 
FIG. 1B, represents a modification of the first method 15. In 
the first step 27 of method 25, a biological sample is exposed 
to an antibody to L523S protein and is also exposed to an 
antibody to at least one other marker protein, so as to enable 
the antibody to L523S to bind to L523S in the sample (if any) 
and so as to enable the second antibody to bind to the at least 
one other marker protein. The second marker protein may, for 
instance, be a marker to cell lineage. Such as calretinin, which 
is a marker of mesothelial cell lineage. Alternatively, the 
second marker protein may be a marker of cells that are 
normal or reactive, such as desmin. More than one Such 
'second marker may be employed in a single set of tests or 
on a single sample. Subsequently, in the second step 29, the 
bound antibodies (if any) are detected as described previ 
ously. These multiple markers may be detected in an indi 
vidual section or specimen (e.g., a tissue section or a cell 
monolayer or pellet derived or prepared from a body fluid) 
through multi-staining of the section or specimen. Alterna 
tively, in this method, it may be advantageous to expose 
different portions of the sample, such as serial sections from 
a sample biopsy, to the different respective antibodies. If the 
sample is of a body fluid or taken from a body fluid, then the 
different portions may comprise different sections of one or 
more cell pellets or may comprise different cell monolayer 
preparations formed by centrifugation or Smearing. 

RESULTS 

0116 Results from Studies of Lung Pleural Tissue Biop 
sies 
0117. In order to appreciate the practice and advantages of 
the present invention, the reader is referred to the accompa 
nying FIGS. 2-5 in conjunction with the following discussion, 
which illustrate and describe immunohistochemical staining 
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results biopsies of lung pleural tissue. It is to be noted that the 
accompanying FIGS. 2-5 are only intended to be exemplary 
of the results obtained by employing methods in accordance 
with the present invention and are not intended to be in any 
way limiting of the invention. In the accompanying figures, 
staining with the DAB+ Substrate-chromogen Solution results 
in a brown-colored precipitate (appearing as dark gray to 
black in the accompanying drawings) at the antigen sites 
whereas the counterstaining with hematoxylin results in the 
blue-purple precipitate haematein (appearing as light to 
medium gray in the accompanying drawings) at cell nuclei. 
Cells staining positive for Calretinin and desmin also appear 
as dark gray to black in the accompanying drawings. 
0118. Although the present invention is described in terms 
of immunohistochemical staining methods that produce 
readily visualized colored precipitates within biological 
samples, it is to be understood that the invention is considered 
to encompass a variety of known immunoshistochemical 
techniques for visualization of antigen sites. For instance, the 
so-called “direct method of immunohistochemical staining 
could be used, in which a single labeled antibody that binds 
directly to the target antigen is detected, either optically or 
otherwise. Alternatively, any “indirect method of staining 
may be employed, wherein an unlabeled primary antibody 
reacts with tissue antigen, and a labeled secondary antibody 
that reacts with the primary antibody is detected. Still further, 
the staining method may include utilizing, instead of the 
simple secondary antibody, a reagent of the type described in 
U.S. Pat. No. 5,543,332, incorporated herein by reference, in 
which secondary antibody molecules are carried on an 
enzyme-conjugated polymer backbone. The enzyme, when 
allowed to catalyze a substrate so as to form a colored reaction 
product, acts as a label of the reagent which can be detected 
via the colored reaction product Such reagents are marketed 
under the trade name EnVision by Dako of Glostrup Den 
mark. In either case, the label could comprise, for instance, 
either individually or in combination, a chromogen, a fluo 
rescent dye such as FITC. rhodamine or Texas red, an enzyme 
Such as peroxidase, alkaline phosphatase or glucose oxidase, 
a chemiluminescent, material, or a molecule containing a 
radioactive isotope, magnetic particles, etc. 
0119 Returning, once again, to the discussion of the fig 
ures, normal mesothelial cells 2 were identified in human 
lung pleural biopsies using immunohistochemistry by their 
positivity for Calretinin (FIG. 2A, dark-colored Zone) and 
lack of L523S expression (FIG. 2B). Reactive mesothelial 
cells 4 positively immunostained for Calretinin (FIG. 3A, 
dark colored region) and desmin (FIG. 3B), but were also 
negative for L523S (FIG.3C). In all, nine normal lung pleural 
biopsies, anti-L523S was unreactive with normal and reactive 
mesothelial cells, while anti-desmin positively immun 
ostained both normal and reactive mesothelial cells in eight of 
the nine normal lung pleural biopsies. Desmin expression was 
found to be more intense in reactive mesothelial cells com 
pared to normal mesothelial cells. Normal human pericardial 
mesothelial cells were found to be immunoreactive with anti 
L523S, demonstrating that specific types of mesothelial cells 
can express L523S protein (data not shown). 
0.120. Using the novel immunohistochemistry staining 
method described above, L523S protein expression that is, 
cells 6 staining positive for L523S was identified in malig 
nant cells in eight of thirteen (including two weak positives) 
lung pleural biopsies containing mesothelioma (FIG. 4A); in 
one (of one) lung pleural biopsy containing melanoma (FIG. 
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4B); in three of three lung pleural biopsies containing adeno 
carcinoma (FIG. 4C); in one (of one) lung pleural biopsy 
containing spindle cell carcinoma (FIG. 4D) and in one (of 
one) lung pleural biopsy containing squamous cell carcinoma 
(FIG. 4E). Ant-L523S also demonstrated some immunoreac 
tivity in non-cancer cells and in secretions such as: lung 
secretions (rare), Subset of normal bronchi (faint staining), 
germinal center of the lymph node and reactive fibroblasts or 
activated lymphocytes (rare). In contrast, anti-desmin was 
unreactive with malignant cells, though many normal muscle 
cells were positively immunostained in the biopsies (FIG. 
5B). Interestingly, cells not identified as muscle did positively 
immunostain with anti-desmin in two cases of mesothelioma. 
These small groups of cells are likely reactive mesothelial 
cells. FIGS. 5A-5B demonstrate the contrasting staining pat 
tern seen with anti-L523S compared to anti-desmin on a lung 
pleural biopsy containing mesothelioma, where L523S 
immunoreactivity can be seen within the cytoplasm of the 
cancer cells (seen in FIG. 5A as cytoplasm of tumor cells 8 
that are positively stained for L523S expression), and desmin 
expression is present only in the muscle elements 10 of the 
tissue (FIG. 5B). 
0121 Results from Studies of Biopsies of Lung Neuroen 
docrine Tumors. 
0122. In our immunohistochemical analyses, nine SCLCs 
(90%) showed a strong and diffuse (more than 90% of tumor 
cells) cytoplasmic staining pattern for L523S, and only 1 case 
exhibited focal immunoreactivity. Nine of fourteen LCNECs 
(64%) showed strong cytoplasmic staining detected in greater 
than 90% of the tumor cells. The remaining 5 cases exhibited 
a variable degree of immunoreactivity, but none of the cases 
were completely negative for L523S expression. No positive 
staining for L523S was detected in any of the sixteen typical 
carcinoids. Five of six atypical carcinoids also showed a 
complete lack of immunoreactivity, with only a single atypi 
cal carcinoid exhibiting weak staining in areas exhibiting 
oncocytic changes. 
(0123 Results from Pleural Effusion Samples. 
0.124. In thirty-five malignant pleural effusion samples 
positive staining for L523S in a variable degree of intensity 
was observed in 28 (80%) cases, including 100% of mesothe 
liomas, 100% of lung adenocarcinomas, 100% of small cell 
and squamous cell carcinomas, 75% of colonic adenocarci 
nomas and 14% of breast adenocarcinomas. Sixteen cases 
diagnosed as reactive mesothelial cells showed positivity for 
calretinin and thirteen of sixteen were CK5/6 positive. Inter 
estingly, mesothelial cells were positive for L523S in two of 
sixteen cases originally interpreted as benign. One of these 
was diagnosed as malignant mesothelioma on pleural biopsy. 
All malignant mesotheliomas were positive for calretinin, 
and eight often cases had CK5/6 staining. 
0125 Results from Studies of Biopsies of Bladder Urothe 

lial Tissue. 
0126 Positive staining was observed in the majority of 
lesions in the high grade group, including invasive urothelial 
carcinoma, urothelial carcinoma in-situ, and high grade pap 
illary urothelial carcinoma. No expression of L523S was 
detected in low grade papillary urothelial carcinoma, and the 
group of benign to borderline lesions, including normal 
urothelium (fourteen samples), papillary urothelial neoplasm 
of low malignant potential (three samples) and urothelial 
atypia of unknown significance (a single sample). Expression 
of L523S between low grade papillary urothelial carcinoma 
and each lesion in the high grade group was statistically 
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significant, as was that between benign to borderline group 
and each lesion of the high grade group. 
I0127. Results from Biopsies of Pigmented Skin Lesions. 
I0128 Seven of fourteen (50%) malignant melanomas, 
including one metastatic melanoma in Soft tissue of the arm, 
showed moderate to strong positive staining for L523S, with 
four cases exhibiting positivity in >90% of tumor cells and 
three cases showing positivity in 10-20% of tumor cells. All 
four (100%) cases with Breslow depth of >1.3 mm showed 
moderate to strong positive staining for L523S while two of 
nine (22%) cases with Breslow depth 1.3 mm exhibited mod 
erate to strong positive staining for L523S, and they are 
significantly different (p<0.05). No positive L523S staining 
was detected in 8 dysplastic nevi and 11 benign nevi. 

CONCLUSIONS 

I0129. In total, tissues from all of the following tumors 
have been tested according to the methods of the present 
invention and found to be immunoreactive with anti-L523S: 
mesothelioma, melanoma, lung adenocarcinoma, squamous 
cell carcinoma, spindle cell carcinoma, colonic adenocarci 
noma, ovarian carcinoma, gastric carcinoma, pancreatic car 
cinoma, astrocytoma, Hodgkin's lymphoma, lymphoma, 
malignant fibrous histocytoma, Ewing's Sarcoma and carci 
noids. As but one example, differentiating reactive mesothe 
lial cells from malignant cells in human lung pleural biopsies 
by traditional methods can be challenging. However, the 
novel immunohistochemistry staining method disclosed 
herein provides a new tool to aid in this differential. Anti 
L523S may have utility as a marker of malignancy in this 
diagnostic setting because it does not react with normal and 
reactive lung pleural mesothelial cells, but is expressed in 
many cancers. In this study, L523S expression was demon 
strated in 8/13 mesotheliomas, 1/1 melanoma, 3/3 adenocar 
cinomas, 1/1 spindle cell carcinoma and 1/1 Squamous cell 
carcinoma found in lung pleural biopsies. While L523S was 
not expressed in all of the cancerous cells tested, a positive 
result can assist in differentiating malignant cells from benign 
mesothelial cells. 
0.130. The use of additional antibodies such as anti-desmin 
and anti-calretinin may further aid in differentiating between 
reactive mesothelial cells and malignant cells. Anti-desmin 
can confirm the presence of normal or reactive mesothelial 
cells on the specimen, while anti-calretinin as a mesothelial 
cell marker can indicate that benign or malignant cells are of 
mesothelial origin. Further, the use of a panel of markers in 
immunohistochemistry, which includes anti-L523S and anti 
desmin can aid in differentiating between reactive lung pleu 
ral mesothelial cells and malignant cells. 
I0131 We also conclude that L523S is highly expressed in 
high grade lung neuroendocrine carcinomas, but not in low 
and intermediate grade carcinoid tumors, indicating that 
L523S may be used as a diagnostic immunomarker in the 
distinction between high grade and low/intermediate grade 
lung neuroendocrine tumors, particularly when the diagnos 
tic material is limited with crush artifact. We further conclude 
that L523S is a sensitive and specific marker for detection of 
malignant cells in pleural effusion, and that it has significant 
utility in diagnosis of reactive mesothelial cells, malignant 
mesothelioma and metastatic carcinoma in combination with 
calretinin and CK5/6 staining. 
(0132) We further conclude that L523S is overexpressed in 
high grade papillary urothelial carcinoma and urothelial car 
cinoma in-situ, in comparison to benign urothelium and bor 



US 2009/0053731 A1 

derline and low grade lesions and, consequently, immunohis 
tochemical staining for this marker may help in grading 
difficult cases of urothelial tumors. We still further conclude 
that L523S is expressed in malignant melanoma but not in 
melanocytic nevi even when dysplastic features are present, 
that positive detection of this marker parallels Breslow depth 
of invasion and that L523S is a marker of aggressiveness in 
the malignant melanoma. 
0133) A novel method for immunoreaction and staining of 
anti-L523s on normal and malignant biological samples has 
been disclosed. As can be easily understood from the forego 
ing, the basic concepts of the present invention may be 
embodied in a variety of ways. The essence of the invention 
includes not only sample processing techniques but, also, the 
various systems, assemblies, and devices required or usable 
to accomplish the sample processing. Various modifications 
and variations of the described methods and system of the 
invention will be apparent to those skilled in the art without 
departing from the scope and spirit of the invention. Although 
the invention has been described in connection with specific 
preferred embodiments, it should be understood that the 
invention as claimed is not intended to be and should not be 
unduly limited to Such specific embodiments. Indeed, various 
modifications of the described modes for carrying out the 
invention which are obvious to those skilled in diagnostic 
pathology or related fields are intended to be within the scope 
of the claims. Note that any patents, patent applications, pub 
lications, or other references mentioned in this application for 
patent are hereby incorporated herein by reference. 

1. A method for differentiating between normal or reactive 
cells and malignant cells in biological samples comprising: 

(a) exposing a the biological sample to an antibody to 
L523S protein and detecting the presence of the anti 
body bound to L523S protein within malignant cells; 

(b) exposing the biological sample to an antibody to a 
second protein that is a marker of cell lineage and detect 
ing the presence of the antibody to the second protein 
within cells corresponding to a particular cell lineage; 
and 

(c) exposing the biological sample to an antibody to a third 
protein that is a marker of cells that are normal or reac 
tive and detecting the presence of the antibody to the 
third protein within cells that are normal or reactive. 

2. (canceled) 
3. The method of claim 1, wherein the second protein is a 

marker of mesothelial cell lineage. 
4. The method of claim 2, wherein the second protein is 

calretinin. 

5. (canceled) 
6. The method of claim 1, wherein the third protein is 

desmin. 
7. The method of claim 1, wherein at least one detecting 

step comprises detecting an immunohistochemical stain or 
flow cytometric evaluation. 

8. The method of claim 1, wherein the type of malignant 
cells is chosen from melanoma, mesothelioma, lung adeno 
carcinoma, spindle cell carcinoma, squamous cell carcinoma, 
colonic adenocarcinoma, ovarian carcinoma, gastric carci 
noma, pancreatic carcinoma, asctrocytoma, Hodgkin’s lym 
phoma, lymphoma, malignant fibrous histocytoma, Ewing's 
sarcoma, and carcinoid. 

9. (canceled) 
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10. The method of claim 1, wherein the biological sample 
is a tissue biopsy, biological fluid, cell monolayer, or cell 
pellet derived from a biological fluid. 

11. The method according to claim 10, wherein the tissue 
biopsy is obtained from a pigmented skin lesion. 

12-13. (canceled) 
14. The method according to claim 10, wherein the bio 

logical fluid is lung pleural effusion. 
15. The method of claim 1, wherein the step of detecting 

the presence of the antibody bound to L523S protein within 
the malignant cells comprises the Sub-steps of: 

further exposing the biological sample to a labeled second 
ary antibody that reacts with the antibody bound to 
L523S protein; and 

detecting the presence of the secondary antibody bound to 
the antibody bound to L523S protein. 

16. The method of claim 1, wherein the step of detecting 
the presence of the antibody bound to L523S protein within 
the malignant cells comprises the Sub-steps of: 

further exposing the biological sample to a labeled reagent 
comprising an enzyme-conjugated polymer backbone 
that carries secondary antibody molecules that react 
with the antibody bound to L523S protein; and 

detecting the presence of the labeled reagent. 
17. The method of claim 10, wherein the biological sample 

is a tissue biopsy, and wherein step (a) is performed on a first 
portion of the sample, step (b) is performed on a second 
portion of the sample, and step (c) is performed on a third 
portion of the sample. 

18-26. (canceled) 
27. The method of claim 17, wherein the first and second 

portions are different microtomed sections from the same 
tissue biopsy. 

28. The method of claim 17, wherein the first, second, and 
third portions are different microtomed sections from the 
same tissue biopsy. 

29-38. (canceled) 
39. The method of claim 1, wherein the step of detecting 

the presence of the antibody bound to the second protein 
within cells corresponding to a particular cell lineage com 
prises the Sub-steps of 

further exposing the biological sample to a labeled second 
ary antibody that reacts with the antibody bound to the 
second protein; and 

detecting the presence of the secondary antibody bound to 
the antibody bound to the second protein. 

40. The method of claim 1, wherein the step of detecting 
the presence of the antibody bound to the second protein 
within cells corresponding to a particular cell lineage com 
prises the Sub-steps of 

further exposing the biological sample to a labeled reagent 
comprising an enzyme-conjugated polymer backbone 
that carries secondary antibody molecules that react 
with the antibody bound to the second protein; and 

detecting the presence of the labeled reagent. 
41. The method of claim 1, wherein the step of detecting 

the presence of the antibody bound to the third protein within 
cells which are normal or reactive comprises the Sub-steps of 

further exposing the biological sample to a labeled second 
ary antibody that reacts with the antibody bound to the 
third protein; and 

detecting the presence of the secondary antibody bound to 
the antibody bound to the third protein. 
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42. The method of any one of claim 1, wherein the step of 
detecting the presence of the antibody bound to the third 
protein within cells which are normal or reactive comprises 
the sub-steps of: 

further exposing the biological sample to a labeled reagent 
comprising an enzyme-conjugated polymer backbone 
that carries secondary antibody molecules that react 
with the antibody bound to the third protein; and 

detecting the presence of the labeled reagent. 
43. A panel for differentiating between normal or reactive 

cells and malignant cells in biological samples, wherein said 
panel comprises an antibody to L523S protein, an antibody to 
a second protein that is a marker of cell lineage, and an 
antibody to a third protein which is a marker of cells that are 
normal or reactive. 

44. The panel of claim 43, wherein the second protein is 
calretinin. 
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45. The panel of claim 43, wherein the third protein is 
desmin. 

46. The panel of claim 43, wherein said panel consists of an 
antibody to L523S, an antibody to calretinin, and an antibody 
to desmin. 

47. The panel of claim 43, wherein at least one of the 
antibodies is monoclonal. 

48. The panel of claim 43, wherein said panel is used for the 
detection of melanoma. 

49. The panel of claim 43, wherein said panel comprises at 
least one labeled antibody. 

50. Akit for the detection of melanoma, comprising a panel 
of antibodies as defined in claim 43. 

51. The kit of claim 34, comprising an antibody to L523S, 
an antibody to calretinin, and an antibody to desmin. 

c c c c c 


