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(57) ABSTRACT 
This invention provides methods of detecting the presence 
of a disseminated cell marker in a sample by eliminating 
illegitimate transcription-positive cells from the sample and 
detecting the presence of mRNA that encodes the marker. 
This invention also provides methods of detecting dissemi 
nated cancer cells. 
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HIGH SPECIFICITY MARKER DETECTION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is related to US. Provisional 
patent application Serial No. 60/192,229 ?led Mar. 27, 2000, 
Which is incorporated herein, in its entirety, by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to methods of detect 
ing tumor cells and evidence of cancer in samples. 

BACKGROUND OF THE INVENTION 

[0003] Rare circulating tumor cells in blood may be 
detected by amplifying mRNA of tumor- or tissue-speci?c 
markers utilizing RT-PCR. While RT-PCR can magnify 
target-speci?c nucleic acids up to 102O-fold (Waldman et al., 
1998, Dis. Colon Rectum, 411310-5; Cagir et al., 1999, Ann. 
Intern. Med., 1311805-811; each of Which is incorporated 
herein by reference), enhanced detection is associated With 
a high false positive rate (Burchill et al., 1995, Br. J. Cancer, 
711278-281; Battaglia et al., 1998, Bone MarroW Transpl., 
221693-698; Krismann et al., 1995, J. Clin. Oncol., 1312769 
2775; each of Which is incorporated herein by reference). 
This has been especially true in RT-PCR studies examining 
the ability to detect rare tumor cells in blood employing 
epithelial cell markers (Burchill et al., 1995, supra; Battaglia 
et al., 1998, supra; Krismann et al., 1995, supra; LopeZ 
Guerrero et al., 1997, Clin. Chim. Acta, 263:105-116; each 
of Which is incorporated herein by reference). The high false 
positive rates appear to arise from illegitimate transcription 
of epithelial cell markers (Krismann et al., 1995, supra; 
LopeZ-Guerrero et al., 1997, supra; Bostick et al., 1998, J. 
Clin. Oncol., 1612632-2640; TraWeek et al., 1993, Am. J. 
Pathol., 14211111-1118; Hoon et al., 1995, Cancer, 761533 
534; Pelkey et al., 1996, Clin. Chem., 4211369-1381; Jung et 
al., 1999, Br. J. Cancer, 811870-873; each of Which is 
incorporated herein by reference). 

[0004] Illegitimate transcription (or ectopic transcription) 
is a general phenomenon of basal, very loW level, transcrip 
tion of any gene in any cell type, and has been Well 
documented in many tissue-speci?c genes (Chelley et al., 
1991, J. Clin. Invest., 8811161-1166; Chelley et al., 1989, 
Proc. Natl. Acad. Sci. USA, 8612671-2621; each of Which is 
incorporated herein by reference). Importantly, detection 
techniques Which ?rst amplify transcription of spliced 
mRNA by such means as PCR are able to detect the 
expression of a tissue-speci?c gene from very minute 
amounts of mRNA present in a “non-expressing” cell 
sample. Therefore, illegitimate transcription is particularly 
problematic When using such techniques if the assay is 
sensitive enough to detect the illegitimate transcription 
product. 
[0005] The extremely high sensitivity of RT-PCR has 
revealed that cells in the blood illegitimately transcribe 
genes that Were previously considered markers of speci?c 
epithelia (Sarkar & Sommer, 1989, Science, 2441331-334; 
Chelley et al., 1989, supra; Negrier et al., 1998, Br. J. 
Haematol., 100133-39; Gala et al., 1998, Clin. Chem., 
441472-481; Champelovier et al., 1999, Anti-Cancer Res., 
1912073-2078; each of Which is incorporated herein by 
reference). Transcripts for PSA and PSM (prostate cancer), 
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CK-19 and CK-20 (gastric, colon, and breast cancer), CEA 
(colorectal cancer), CK-18 (breast cancer), CK-8 (breast 
cancer), MUC-1 (breast, ovary, colon, and lung cancer), and 
GA733.2, (breast cancer) have been detected in peripheral 
blood from healthy volunteers (Burchill et al., 1995, supra; 
LopeZ-Guerrero et al., 1997, supra; Bostick et al., 1998, 
supra; TraWeek et al., 1993, supra; Hoon et al., 1995, supra; 
Gala et al., 1998, supra; Champelovier et al., 1999, supra). 
Illegitimate transcription and background mRNA expression 
in normal blood limit the sensitivity of detecting circulating 
cancer cells employing PSM, CEA, and CK-18 (Zippelius et 
al., 1997, J. Clin. Oncol., 1512701-2708, Which is incorpo 
rated herein by reference). Whether every cell has the ability 
to generate ectopic transcripts, and if ectopic transcripts 
have a biological role is unknoWn (Cooper et al., 1994, Ann. 
Med., 2619-14; Sommer & Sarkar, 1989, Science, 2451261; 
each of Which is incorporated herein by reference). Since 
illegitimately transcribed mRNA levels are extremely loW, it 
is unlikely that a biological role Would involve protein 
synthesis. Illegitimate transcription may represent the cost to 
cells of completely inactivating the transcription of thou 
sands of “leaky” genes (Cooper et al., 1994, supra). 
[0006] Colorectal cancer is the third leading cause of 
cancer and cancer-related mortality WorldWide (Pihl et al., 
1981, J. Surg. Oncol., 161333-341; Toribara & Sleisenger, 
1995, NeW Eng. J. Med., 3321861-7; Larson et al., 1986, 
Arch. Surgery, 1211535-40; Silverberg et al., 1990, Cancer 
Statistics, 4019-26; GreenWald, 1992, Cancer 70(Suppl. 
5)11206-1215; Cresanta, 1992, Prim. Care, 191419-441; Jes 
sup et al., 1996, Cancer, 781918-926; each of Which is 
incorporated herein by reference). Forty percent of patients 
believed to be cured by surgery suffer disease recurrence 
Within 3 years. At present, there are no effective blood-based 
methods to detect post-operative disease recurrence and 
reduce cancer-related mortality. Thus, clinical outcomes in 
patients With colorectal cancer could be substantially 
improved by the availability of more sensitive and speci?c 
diagnostic markers for post-operative surveillance (Shapiro, 
1992, Cancer, 75(Suppl. 5)11252-1258; Smart, 1992, Can 
cer, 75(Suppl. 5)11246-1251; each of Which is incorporated 
herein by reference). 
[0007] Guanylyl cyclase C (GC-C) (also knoWn as the ST 
or E. coli heat-stable enterotoxin receptor) is a cell surface 
receptor Which mediates ?uid and electrolyte secretion, With 
expression restricted to brush border membranes of intesti 
nal mucosa cells from the duodenum to the rectum, and 
Which is not expressed by extra-intestinal tissues (Gyles, 
1971, Ann. NY. Acad. Sci., 1761314-322; Dejonge, 1975, 
FEBS Lett., 531237-242; Guarino et al., 1987, Dig. Dis. Sci., 
3211017-1026; Almenoff et al., 1993, Mol. Microbiol., 
81865-873; Guerrant et al., 1980, J. Infect. Dis., 1421220 
228; Carrithers et al., 1994, Gastroenterology, 1071 1653 
1661; Krause et al., 1994, Gut, 3511250-1257; Cohen et al., 
1988, Gastroenterology, 941367-373; Guarino et al., 1987, 
Pediatric. Res., 211551-555; each of Which is incorporated 
herein by reference). GC-C expression persists after intes 
tinal mucosal cells undergo neoplastic transformation and is 
expressed by primary and metastatic colorectal tumors 
regardless of their anatomical location (Huott et al., 1988, J. 
Clin. Invest., 821514-523; Guarino et al., 1987, Am. J. 
Physiol., 2531G775-G780; Cohen et al., 1993, J. Cell. 
Physiol., 1561138-144; Mann et al., 1993, Am. J. Physiol., 
2641G172-G178; each of Which is incorporated herein by 
reference). GC-C is not expressed by tumors originating 
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from outside the a1imentary/gastrointestina1 tract (Guerrant 
et a1., supra; Carrithers et a1., 1994, Gastroentero1ogy, supra; 
Krause et a1., supra; Cohen et a1., supra, Guarino et a1., 1987, 
Pediatric Res., supra.; Carrithers et a1., 1996, Proc. Natl. 
Acad. Sci. USA, 93:14827-14832; each of Which is incor 
porated herein by reference). These data suggest that GC-C 
may be a unique marker for detecting metastatic colorectal 
cancer cells in blood during post-operative survei11ance 
(Wa1dman et a1., 1998, Dis. Colon Rectum, supra; Cagir et 
a1., 1999, supra.; Carrithers et a1., 1996, Dis. Colon Rectum, 
39:171-181, Which is incorporated herein by reference). 

[0008] Previous studies in colorectal cancer patients have 
demonstrated that GC-C can identify micrometastatic foci in 
lymph nodes evaluated as free of disease by standard 
histopatho1ogy. Important1y, detection of micrometastases 
by GC-C RT-PCR Was associated With a greatly enhanced 
risk of colorectal cancer-re1ated morta1ity. GC-C analysis 
may be a sensitive and speci?c method for detecting c1ini 
ca11y signi?cant colorectal cancer micrometastases in lymph 
nodes, and could improve the accuracy of staging. 

[0009] Similarly, ana1yZing GC-C expression in blood to 
detect rare circu1ating co1orecta1 tumor cells could improve 
the early detection of disease recurrence in patients under 
going post-operative survei11ance. Current survei11ance 
paradigms have not improved the overall survival of patients 
With recurrent colorectal cancer, in part, re?ecting their 
inability to detect recurrence at a point amenable to inter 
vention (Virgo et a1., 1995, JAMA, 273: 837-1841; Wade et 
a1., 1996, J. Am. Coll. Surg., 182:353-361; Moerte1 et a1., 
1993, JAMA, 270:943-947; Schiesse1 et a1., 1986, Brit. J. 
Surg., 73:342-344; Bohm et a1., 1993, Dis. Colon Rectum, 
36:280-286; Nelson, 1995, Sem. Onco1., 22:488-493; each 
of Which is incorporated herein by reference). Development 
of a more effective survei11ance marker Would have signi? 
cant impact on the management and outcome of colorectal 
cancer. Preliminary studies detected GC-C mRNA in blood 
from colorectal cancer patients, although there Was no 
obvious correlation between the detection of this transcript 
and disease stage (Carrithers et a1., 1996, Proc. Natl. Acad. 
Sci. USA, supra; Bustin et a1., 1999, Br. J. Cancer, 79:1813 
1820, Which is incorporated herein by reference). In addi 
tion, GC-C mRNA Was detected in the blood of some 
healthy volunteers (Bustin et a1., 1999, supra). Like other 
epithelial cell markers, GC-C may undergo i11egitimate 
transcription in blood that may undermine its utility for 
post-operative survei11ance. 

[0010] Most paradigms for post-operative colon cancer 
survei11ance inc1ude repeated measurements of serum car 
cino-embryonic antigen (CEA) (Wamego et a1., 1978, Ann. 
Surg., 188:481-493; Sugarbaker et a1., 1976, Cancer, 
38:2310-2315; Boey et a1., 1984, World J. Surg., 8:279-286; 
Northover, 1986, Gut, 271117-121; each of Which is incor 
porated herein by reference). Analysis of expression of 
GC-C by RT-PCR may be more sensitive and speci?c than 
CEA as a marker for metastatic colorectal cancer in blood. 
Whereas CEA is produced by <80% of colorectal tumors, 
GC-C has been detected in all primary and metastatic 
colorectal tumors examined. Whi1e CEA is expressed by 
some extra-intestina1 tumors, GC-C is expressed only by 
co1orecta1 tumors. CEA is expressed by tissues other than 
intestine that are involved in non-neop1astic conditions 
While GC-C has been identi?ed only in colorectal cancer 
cells outside the intestine. In a retrospective analysis, GC-C 
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Was identi?ed in lymph nodes of all patients Who Were 
node-negative by histopatho1ogy and who developed recur 
rent disease Whereas CEA Was identi?ed in lymph nodes of 
only one of those patients (Cagir et a1., 1999, supra). 

[0011] There is a need for improved methods of detecting 
the presence of metastasiZed cancers, including co1on can 
cer. There is a need for methods of reducing the background 
signa1s caused by i11egitimate transcription of cell markers 
used for the detection of cells that have migrated from their 
normal location in the body, including metastatic cancer 
cells. In particular there is a need to improve the accuracy 
and to decrease fa1se-positive signals in highly sensitive, 
mRNA detection assays. 

SUMMARY OF THE INVENTION 

[0012] This invention provides methods of detecting the 
presence of a disseminated cell marker in a sample com 
prising the steps of eliminating i11egitimate transcription 
positive cells from the sample, and detecting the presence of 
mRNA that encodes the marker. The invention also provides 
methods of diagnosing metastatic cancer comprising detect 
ing the presence of a disseminated cell marker for cancer 
cells identi?ed as from the primary cancer in a sample that 
does not normally express said marker, comprising the steps 
of eliminating i11egitimate transcription-positive cells from 
the sample, and detecting the presence of mRNA that 
encodes the marker. The invention also provides methods of 
detecting the presence of a tissue-speci?c marker in a 
sample not associated With the expression of the tissue 
speci?c marker, comprising the steps of eliminating CD34+ 
cells from the sample, and detecting the presence of mRNA 
encoding the tissue-speci?c marker. The invention also 
provides methods of detecting the presence of a dissemi 
nated cell in a sample, comprising the steps of eliminating 
CD34+ce11s from the sample, and detecting the presence of 
mRNA that encodes a marker associated With the dissemi 
nated cell. The invention further provides kits for detecting 
the presence of a disseminated cell marker in a sample and 
kits for detecting the presence of a disseminated cell marker 
for metastatic cancer cells, comprising an af?nity column; 
and primers for detecting the presence of mRNA encoding 
the marker. 

[0013] These and other aspects of the invention are 
described more fully below. 

[0014] All publications, patents and patent applications 
cited herein are hereby incorporated by reference in their 
entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a photograph of an ethidium bromide 
stained gel containing the products of nested RT-PCR analy 
sis of GC-C expression in blood mononuclear cells from 
representative samples of healthy volunteers (n=20) and 
Dukes’ stage D patients (n=24). Tota1 RNA(1 pg) extracted 
from mononuclear cells of healthy volunteers and Dukes’ 
stage D patients Was subjected to nested RT-PCR emp1oying 
GC-C-speci?c primers. T84 colorectal carcinoma cells 
served as a positive control for GC-C expression. H2O 
(negative control) indicates no input RNA. Molecular 
Weight markers are shoWn in the 1eft-most lane of the gel; 
siZes are shoWn to the left of the gel. The arroW at the right 
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indicates the size of the human GC-C RT-PCR product 
(~250 bp) predicted from the de?ned sequence. 

[0016] FIGS. 2A and 2B present photographs of ethidium 
bromide-stained gels showing nested RT-PCR products, 
representing expression of GC-C transcripts in puri?ed 
blood mononuclear cells. Total RNA (1 pg) extracted from 
(FIG. 2A) plasma, granulocytes, erythrocytes, platelets, and 
mononuclear cells, or (FIG. 2B) puri?ed monocytes, T cells, 
NK cells, B cells, and CD34+progenitor cells, and analyZed 
by nested RT-PCR employing GC-C speci?c primers. T84 
cells served as a positive control for GC-C expression. H2O 
(negative control) indicates no input RNA. Molecular 
Weight markers and their siZes are indecated the left-most 
lanes of each gel. The arroWs at the right of each gel indicate 
the siZe of the human GC-C RT-PCR product (~250 bp) 
predicted from the de?ned sequence. 

[0017] FIG. 3 is a photograph of an ethidium bromide 
stained gel shoWing nested RT-PCR products, representing 
the expression of GC-C mRNA in peripheral blood mono 
nuclear cells enriched in CD34+cells from a patient under 
going peripheral blood progenitor cell harvest folloWing 
treatment With Neupogen. For PBPC mobiliZation in prepa 
ration for bone marroW ablation and autologous transplan 
tation, a patient With breast cancer received 10 pg/Kg/day 
(total daily dose of 600 pg) of NeupogenTM (G-CSF; Amgen; 
Thousand Oaks, Calif.) as an IV bolus for 3 consecutive 
days. Leukaphoresis Was performed on days 3 and 6 fol 
loWing the ?rst dose of NeupogenTM. Total RNA (1 pg) 
extracted from the mononuclear cells obtained on days 3 and 
6 Was subjected to RT-PCR employing GC-C-speci?c prim 
ers. The patient had a leukocyte count of 107,000/pl on day 
3 and 17,000/pl on day 6. T84 cells served as a positive 
control for GC-C expression. H2O (negative control) indi 
cates no input RNA. Molecular Weight markers and their 
siZes are indicated in the left lane. The arroW at the right 
indicates the siZe of the human GC-C RT-PCR product 
(~250 bp) predicted from the de?ned sequence. 

[0018] FIG. 4 is a photograph of an ethidium bromide 
stained gel shoWing nested RT-PCR products, representing 
the expression of GC-C transcripts folloWing depletion of 
CD34+progenitor cells from peripheral blood mononuclear 
cells. Mononuclear cells Were depleted of CD34+progenitor 
cells as described in Example 1. Total RNA Was extracted 
from mononuclear cells before and after depletion of CD34+ 
progenitor cells, and 1 pg Was subjected to nested RT-PCR 
employing GC-C speci?c primers. T84 cells served as a 
positive control for GC-C expression. H2O (negative con 
trol) indicates no input RNA. Molecular Weight markers and 
their siZes are indicated in the right lane. The arroW indicates 
the predicted siZe of the human GC-C RT-PCR product 
(~250 bp). 
[0019] FIGS. 5A and 5B present photographs of ethidium 
bromide-stained gels shoWing nested RT-PCR products, 
representing the expression of epithelial cell biomarkers in 
CD34+progenitor cells. Total RNA (1 pg) extracted from 
10 CD34+progenitor cells Was subjected to nested RT-PCR 
analysis employing epithelial cell marker-speci?c primers. 
In FIG. 5A, the arroWs indicate the de?ned sequence 
predicted siZes of the RT-PCR products for human PSA 
(~335 bp), PSM (~200 bp), GC-C (~250 bp), and CEA 
(~162 bp) and GC-C (~250 bp). In FIG. 5B, the arroWs 
indicated the de?ned sequence-predicted siZes of the RT 
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PCR products for human MUC-l (~350 bp), CK-19 (~460 
bp), CK-20 (~370 bp), GA733.2 (~700 bp) and CEA (~162 
bp). Total RNA extracted from prostate Was employed as a 
positive control for PSA and PSM RT-PCR analysis (gel to 
left of FIG. 5A). T84 cells served as a positive control for 
expression of the other epithelial biomarkers. H2O (negative 
control) indicates no input RNA. Molecular Weight markers 
appear in the left-most lanes of the gels, and their siZes are 
indicated to the left of the gels. 

[0020] FIG. 6 presents photographs of tWo ethidium bro 
mide-stained gels shoWing nested RT-PCR products, repre 
senting the expression of epithelial cell biomarkers in mono 
nuclear cells depleted of CD34+progenitor cells. 
Mononuclear cells Were depleted of CD34+progenitor cells 
by column chromatography as described in Example 1. Total 
RNA (1 pg) Was extracted from pre-column (pre MNC) and 
post-column (post MNC) (depleted of CD34+progenitor 
cells) mononuclear cells, and Was subjected to nested RT 
PCR, employing primers speci?c for [3-actin, GC-C, CEA, 
CK-19, CK-20, and MUC-l. T84 cell RNA provided the 
positive controls. Molecular Weight markers and their siZes 
are indicated in the left lanes. 

[0021] FIG. 7 presents photographs of tWo ethidium bro 
mide-stained gels shoWing nested RT-PCR products, repre 
senting the expression of illegitimate transcripts of GC-C 
and CEA in the blood of healthy volunteers. Total RNA 
extracted from mononuclear cells of healthy subjects (n=20) 
Was serially diluted and subjected to nested RT-PCR 
employing both GC-C- and CEA-speci?c primers. Quanti 
ties of input RNA are indicated along the top of the gels. The 
arroWs indicate the siZes of the RT-PCR products of human 
GC-C (~250 bp) and CEA (~162 bp), predicted from their 
de?ned sequences. T84 cells served as a positive control for 
CEA and GC-C expression. H2O (negative control) indicates 
no input RNA. Molecular Weight markers and their siZes are 
indicated in the left lanes of the gels. These data are 
representative of samples examined from 20 healthy volun 
teers. 

[0022] FIG. 8A presents photographs of ethidium bro 
mide-stained gels shoWing the threshold for detecting tran 
scripts of GC-C and CEA in blood from Dukes’ Stage D 
patients. Total RNA, extracted from mononuclear cells of 
Dukes’ stage D patients, Was serially diluted and subjected 
to nested RT-PCR employing both GC-C- and CEA-speci?c 
primers. The RT-PCR products presented in the gels of FIG. 
8A are representative of the results With samples from the 24 
Dukes’ stage D patients examined. T84 cells served as a 
positive control for CEA and GC-C expression. H2O (nega 
tive control) indicates no input RNA. Quantities of input 
RNA are indicated along the tops of the gels. The arroWs 
indicate the siZes of the RT-PCR products for human GC-C 
(~250 bp) and CEA (~162 bp) predicted from their de?ned 
sequences. Molecular Weight markers and their siZes are 
indicated in the left lanes of the gels. FIG. 8B presents a 
graph comparing the sensitivity of RT-PCR employing GC 
C- and CEA-speci?c primers to detect circulating tumor 
cells in Dukes’ stage D patients. Total RNA Was extracted 
from mononuclear cells of Dukes’ stage D patients, and Was 
serially diluted and subjected to nested RT-PCR employing 
both GC-C- and CEA-speci?c primers, as for FIG. 8A. The 
percentage of samples (patients) Which yielded GC-C- or 
CEA-speci?c amplicons Was calculated for each quantity of 
total RNA analyZed. 
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[0023] FIG. 9 presents photographs of tWo ethidium bro 
mide-stained gels showing the sensitivity of nested RT-PCR 
employing GC-C-speci?c primers to detect human colorec 
tal cancer cells in blood. Total RNA Was extracted from the 
indicated numbers of mononuclear blood cells spiked With a 
single T84 cell (~200 copies of GC-C mRNA) or a single 
Caco2 cell (~20 copies of GC-C mRNA). Total RNA (0.5 
pg) Was subjected to nested RT-PCR analysis employing 
GC-C-speci?c primers. T84 and Caco2 cells served as 
respective positive controls for GC-C expression. H2O 
(negative control) indicates no input RNA. Molecular 
Weight markers and their siZes are indicated in the left lanes 
of the gels. The arroWs indicate the siZe of the RT-PCR 
product for human GC-C (~250 bp) predicted from the 
de?ned sequence. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0024] Nucleic acid-based diagnostic testing has been 
plagued by the presence of background levels of the disease 
marker of interest. Since these levels are loW and often 
spurious, it has been referred to as “illegitimate transcrip 
tion,” With the inference that all cells have leaky transcrip 
tion and small levels of all transcripts are produced consti 
tutively. It has been discovered that this loW level 
transcription may be ascribed to distinct populations of stem 
cells, producing discrete levels of transcript per cell. One 
such cell type (a hematopoeitic stem cell expressing the 
surface glycoprotein CD34; CD34+stem cells (KronenWett 
et al., 2000, Stem Cells, 181320-330, Which is incorporated 
herein by reference)) has been demonstrated to be the source 
of this background for a number of markers. 

[0025] The present invention arises out of the discovery 
that CD34+progenitor cells illegitimately transcribe a vari 
ety of epithelial cell-speci?c markers including GC-C, pros 
tate-speci?c antigen (PSA), prostate-speci?c membrane 
antigen (PSM), carcinoembryonic antigen (CEA), cytokera 
tin-19 (CK-19), cytokeratin-20 (CK-20), mucin 1 (MUC-1), 
and gastrointestinal-associated antigen (GA733.2). CD34+ 
cells are the source of the high false positive rate generally 
observed When epithelial cell-speci?c markers are employed 
to detect rare circulating metastatic cancer cells by RT-PCR. 
Background signals re?ect loW-level transcription of these 
markers in CD34+cells, and depletion of CD34+cells or 
limiting the quantity of RNA analyZed can reliably eliminate 
false positive results. 

[0026] The removal, destruction, or modi?cation of 
CD34+cells Will improve assays for markers based on 
analysis of any human or veterinary tissue. The limitations 
to the utility of epithelial cell markers for detecting rare 
circulating tumor cells can be alleviated either by separating 
CD34+and tumor cells (positive or negative puri?cation) 
prior to RNA extraction or limiting the amount of total RNA 
analyZed to that beloW the limit of detection of illegitimate 
transcripts, prior to RT-PCR. 

[0027] GC-C undergoes illegitimate transcription by 
blood mononuclear cells producing a high false positive rate 
in healthy volunteers. Illegitimate transcription of GC-C Was 
localiZed speci?cally to CD34+progenitor cells, Which Were 
the source of false positive signals for seven other epithelial 
cell markers. The illegitimately transcribed GC-C in CD34+ 
cells falls beloW the minimum threshold for expression of 
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functional receptors on the cell surface (Waldman et al., 
1998, Cancer Epid. Bio. Prev., 7:505-514, Which is incor 
porated herein by reference). Background signals re?ect 
loW-level transcription of these markers and depletion of 
CD34+cells or limiting the quantity of RNA analyZed can 
reliably eliminate false positive results. Employing this 
technique, GC-C expression Was detected in the circulation 
of all patients With metastatic colorectal cancer, but not in 
any healthy volunteer examined. Thus, analysis of GC-C 
expression by RT-PCR is a sensitive and speci?c diagnostic 
tool for early detection of disease recurrence in patients Who 
have undergone resection for colorectal cancer. Similarly, 
other epithelial cell markers can be useful for detecting rare 
circulating tumor cells folloWing elimination of signals 
re?ecting illegitimate transcription by separating CD34+ 
cells from tumor cells or limiting the quantity of RNA 
analyZed. 

[0028] CEA expression Was speci?cally detected in blood 
of <30% of patients With metastatic colorectal cancer com 
pared to GC-C, Which Was detected in blood from all of 
those patients. In addition, GC-C in blood from patients With 
metastatic colorectal cancer Was detected by RT-PCR 
employing quantities of total RNA as loW as 0.08 pg While 
CEA Was detected With no less than 0.5 pg of RNA. These 
data suggest that GC-C is more frequently expressed and 
more abundant than CEA in colorectal cancer cells. As a 
result, GC-C may be a more sensitive and speci?c biomarker 
than CEA for detection of rare metastatic colorectal cancer 
cells in blood. 

[0029] The practice of the present invention employs, 
unless otherWise indicated, conventional methods of immu 
nology, microbiology, molecular biology and recombinant 
DNA techniques Within the skill of the art. Such techniques 
are explained fully in the literature. See, e.g., Sambrook et 
al., eds., Molecular Cloning: A Laboratory Manual (2nd ed.) 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 
NY. (1989); Ausubel et al., eds., Current Protocols in 
Molecular Biology, John Wiley & Sons, NeW York, NY. 
(2000); Glover, ed., DNA Cloning: A Practical Approach, 
Vols. I & II; ColoWick & Kaplan, eds., Methods in EnZy 
mology, Academic Press; Weir & BlackWell, eds., Hand 
book of Experimental Immunology, Vols. I-IV, BlackWell 
Scienti?c Pubs. (1986); Coligan et al., eds., Current Proto 
cols in Immunology, John Wiley & Sons, NeW York, NY. 
(2000), each of Which is incorporated herein by reference. 

[0030] Various de?nitions are made throughout this docu 
ment. Most Words have the meaning that Would be attributed 
to those Words by one skilled in the art. Words speci?cally 
de?ned either beloW or elseWhere in this document have the 
meaning provided in the context of the present invention as 
a Whole and as typically understood by those skilled in the 
art. 

[0031] As used herein, the term “disseminated” in refer 
ence to a cell means a cell that is found in a location in the 
body that is different from its site of origin or normal 
location in the body. By Way of non-limiting example, a 
malignant melanoma cell found in the peripheral blood of an 
individual Would be a disseminated cell because its site of 
origin or normal location is the skin and it has been found 
in different site, in this case, the blood. A colon cancer cell 
found in the bone marroW of an individual is disseminated 
from its site of origin, the colon. Cancer cells that have 
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metastasiZed are, by de?nition, disseminated cells because 
they have spread from their site or tissue of origin to a 
different site in the body. A disseminated cell can also be a 
cell that has begun to inappropriately express proteins, 
Which may be indicative of a disease state. 

[0032] As used herein, the term “disseminated cell 
marker” refers to a gene product associated With a particular 
cell or tissue type that may serve as an indication that a cell 
has become disseminated from its site of origin or normal 
location in the body. Any cell- or tissue-speci?c marker (also 
called differentiation speci?c antigens) can be a “dissemi 
nated cell marker” if that marker is found in a region or site 
of the body Where that cell- or tissue-speci?c marker is not 
typically expected to be found. The presence of a dissemi 
nated cell marker is indicative of the presence of a dissemi 
nated cell. Depending upon the sample examined, many cell 
or tissue type markers can serve as disseminated cell mark 
ers. If the sample examined is the blood, then any cell or 
tissue type marker that is not expressed by cells that are 
normally to be found in the blood, can serve as a dissemi 
nated cell marker. Examples of markers that can be used as 
disseminated cell markers include, but are not limited to, 
guanylyl cyclase C (GC-C), Cdx-1, Cdx-2, sucrase isoma 
ltase, lactase, carbonic anhydrase, prostate speci?c antigen 
(PSA), prostate speci?c membrane antigen (PSM), cytok 
eratin 18 (CK-18), cytokeratin 19 (CK-19), cytokeratin 20 
(CK-20), carcinoembryonic antigen (CEA), ErbB2, Erb-B3, 
epithelial mucin-1 (MUC-1), epithelial mucin-18 (MUC 
18), gastrointestinal tumor associated antigen 733.2 (GA 
733.2), desmoplakin I (DPL I), epithelial glycoprotein 40 
(EGP-40), tyrosinase, thyroglobulin (TGB), tyrosine 
hydroxylase, and neuron-speci?c glycoprotein (NPGP 9.5). 

[0033] In one aspect of the invention, the disseminated 
cell is a cancer cell and the disseminated cell marker is a 
differentiation speci?c antigen associated With the tissue of 
origin of the tumor cell. The presence of such differentiation 
speci?c antigens in samples of tissue or body ?uids, that are 
distinct from the tissue of origin of the tumor, is indicative 
of the presence of disseminated cells of the tumor in that 
tissue or body ?uid. Methods related to the detection of rare 
cancer cells, in particular cancer cells that have become 
disseminated from their site of origin, are described in 
DoeberitZ & Lacroix, 1999, Cancer Metastasis Rev., 18:43 
64, Which is incorporated by reference in its entirety; the 
references cited therein are incorporated by reference in 
their entirety. 

[0034] The eliminating step can be accomplished by the 
removal, destruction, or modi?cation of the cells that are 
positive for illegitimate transcription. 

[0035] As used herein, the term “illegitimate transcription 
positive” in reference to a cell, refers to a cell that inappro 
priately expresses a gene, generating some loW level amount 
of mRNA transcript encoding a particular protein product. A 
cell inappropriately expresses a gene When that cell is not of 
the type of cell normally associated With the expression of 
that gene. For example, cells in the blood do not normally 
express the gene for tyrosinase, Which is an enZyme spe 
ci?cally expressed in melanocytes or in tumor cells derived 
from melanocytes (meloanoma). If a blood cell Was express 
ing the tyrosinase gene and generating mRNA transcript 
encoding tryrosinase, it Would be an illegitimate transcrip 
tion-positive cell. Cells that are illegitimate transcription 
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positive for a particular marker are cells that do not normally 
express the marker protein, i.e., cells Which are not identi?ed 
With such marker expression. It has been discovered that 
CD34+cells are illegitimate transcription-positive for many 
differentiation speci?c markers associated With other cell 
types. In preferred embodiments of the invention, illegiti 
mate transcription-positive cells are CD34+cells. 

[0036] As used herein, the term “sample” includes any 
material, such as bodily ?uids or portions of tissue, collected 
from an individual. The sample can be any tissue or body 
?uid. By Way of non-limiting example, samples may include 
any of the folloWing tissues or ?uids: blood, bone marroW, 
sputum, semen, stool, gastric ?uid, gastric juices, alimentary 
canal juices, saliva, urethral secretions, vaginal secretions, 
lung, peritoneal or pericardial lavage, urine, lymph, and 
cerebro-spinal ?uid (CSF). 

[0037] Samples comprise illegitimate transcription-posi 
tive cells, particularly CD34+cells. Examples of such pre 
ferred samples include blood and bone marroW. Those 
skilled in the art Will appreciate that the methods of the 
invention are particularly applicable to samples that com 
prise illegitimate transcription-positive cells, particularly 
cells that are CD34+. 

[0038] As used herein, the term “detecting” in reference to 
mRNA that encodes a marker includes any method of 
analysis that demonstrates the presence of mRNA encoding 
the marker of interest. The detecting step can be accom 
plished by any method that identi?es the presence of a 
mRNA transcript. Thus, detection of a mRNA transcript that 
encodes a disseminated cell marker can be accomplished by, 
for example, PCR, RT-PCR, or antibody-based methods 
folloWing the translation of the mRNA transcript. Detecting 
includes direct detection of the presence of a particular 
mRNA, and indirect detection of a particular mRNA by 
detection of a cDNA product or a protein product of that 
mRNA. Detecting includes the use of PCR-based methods 
for demonstrating the presence of mRNA transcripts, includ 
ing but not limited to, direct PCR analysis of mRNA extracts 
and RT-PCR, using marker-speci?c oligonucleotide primers. 
Detecting also includes immunologically-based techniques 
to demonstrate the presence of the protein product of the 
mRNA of interest, folloWing in vitro translation. 

[0039] As used herein, a “CD34+cell” can be any cell that 
expresses a part of the CD34 glycoprotein. CD34 is a 115 kD 
glycosylated Type I transmembrane protein, mainly 
expressed in precursors of hematopoietic cells and in the 
vascular endothelium. CD34 expression has been found in 
1-4% of adult bone marroW mononuclear cells (including 
marroW-repopulating cells, all multipotent and committed 
myeloid progenitors, B and T lymphoid precursors, osteo 
clast precursors, and most likely the precursors for stromal 
cells), and in less than 1% of peripheral blood mononuclear 
cells. In non-lymphohemopoietic tissues its expression is 
has been identi?ed in endothelial cells and in some cells of 
the skin (Silvestri et al., 1992, Haematologica, 77:265-273, 
Which is herein incorporated by reference). 

[0040] CD34+cells can be removed, modi?ed or destroyed 
by a variety of methods, Which include affinity technologies, 
physical separation technologies or chemical technologies. 
Some examples of physical separation technologies Would 
be ultrasound based acoustic levitation, ?eld ?oW fraction 
ation and separations based on charge, rigidity, aggregation, 
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density or sensitivity to electromagnetic radiation. Af?nity 
technologies can be based on molecules such as antibodies, 
partial antibodies, antibody fragments, modi?ed antibodies, 
bacteria or viruses displaying peptides or proteins With 
af?nity to CD34+cells, carbohydrates, peptides, nucleic 
acids or lipids With af?nity for CD34+cells. Chemical tech 
nologies Would involve methods that either destroy or 
modify the ability of CD34+cells to produce or contain 
background levels of markers used in diagnostic tests. These 
technologies can be comprised of treatment of the cells With 
chemical or biological substances or treatment of the cells 
With physical, chemical or biological methods such that the 
chemistry of the cell is modi?ed. This modi?cation Would 
serve to remove the background level of diagnostic markers 
either by adjusting their levels or by removing them. 

[0041] In preferred embodiments, CD34+cells are 
removed from a blood sample using an antibody based 
af?nity process. 

[0042] As used in this speci?cation and the appended 
claims, the singular forms “a,”“an” and “the” include plural 
references unless the content clearly dictates otherWise. 
Thus, for example, reference to “a cell” includes a mixture 
of tWo or more cells. 

[0043] The present invention relates to method of detect 
ing a disseminated cell marker in a sample. In one aspect of 
the present invention, a disseminated cell marker is indica 
tive of a metastatic cancer cell, i.e., a cell from a tumor that 
has traveled to a site in the body that is distinct from its site 
of origin. Such a cell can be detected in a site that is distinct 
from its site of origin because of its expression of genes 
re?ecting its particular tissue type or state of differentiation. 
The invention provides methods of detecting cancer cells, in 
particular cancer cells that have spread from their site of 
origin to other sites of the body, by examination of samples 
taken from sites in the body that are distinct from the 
original site of the tumor. 

[0044] A variety of cancers that have disseminated from 
their site of origin can be detected by identifying transcripts 
for differentiation speci?c antigens associated With the tissue 
type of origin or oncofetal antigens inappropriately 
expressed by the cancer cell. Adisseminated cancer cell can 
be identi?ed by detecting the presence of mRNA transcripts 
for any protein that is associated With the cancer cell but that 
Would not be expected to be expressed in the site of the 
sample being tested. Differentiation speci?c antigens and 
oncofetal antigens represent possible disseminated cell 
markers for identifying disseminated cancer cells. Such 
markers include, but are not limited to, PSA and PSM 
(prostate cancer), CK-19 and CK-20 (gastric, colon, and 
breast cancer), CEA (colorectal cancer), CK-18 (breast 
cancer), CK-8 (breast cancer), MUC-l (breast, ovary, colon, 
lung, and thyroid cancer), and GA733.2, (breast cancer), 
thyroglobulin (thyroid cancer), tyrosinase (melanoma (skin 
cancer)), [3-HCG (testicular cancer), alpha-feto protein 
(AFP) (hepatocellular carcinoma (liver cancer)), Cdx1 and 
Cdx2 (colon, esophageal, and stomach cancer), and sucrase 
isomaltase (colon, esophageal, and stomach cancer). 

[0045] Those of skill in the art Will recogniZe that the 
methods of the present invention are applicable to the 
detection of that detection of any disseminated cancer cells 
Where a marker can be assigned to the cancer cell that Would 
not be expected to be seen in a tested sample. The samples 
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that are examined for evidence of disseminated cells can be 
from any tissue or body ?uid. As the methods are directed 
to ?nding disseminated cells, appropriate sources for a 
sample Will be prescribed by What is knoWn about the site of 
origin of the disseminated cell of interest. By Way of 
non-limiting example the sample may be from such tissues 
and ?uids as blood, bone marroW, sputum, semen, stool, 
gastric, vaginal, lung, peritoneal or pericardial lavage, urine, 
lymph, cerebro-spinal ?uid (CSF). 

[0046] The present invention relates to methods of detect 
ing a disseminated cell marker in a sample by eliminating 
cells Which illegitimately transcribe genes. The elimination 
of illegitimate transcription-positive cells Will improve the 
accuracy of assays designed to identify the presence of 
mRNA for a disseminated marker, by eliminating the cells 
Which are not actually disseminated, but give false-positive 
signals of expression of the marker. Elimination of illegiti 
mate transcription-positive cells Will improve the reliability 
of these assays, so that detection of the presence of mRNA 
encoding a disseminated cell marker in a sample is truly 
re?ective of the presence of a disseminated cell. 

[0047] In one embodiment of the invention, illegitimate 
transcription-positive cells are eliminated by the removal of 
CD34+cells from the sample. Apreferred means of removal 
of CD34+cells is by use of af?nity column chromatography, 
for example, the CD34 Progenitor Cell Isolation KitTM 
(Miltenyi Biotec; Bergisch Gladbach, Germany) can be used 
to selectively remove CD34+cells from a sample. 

[0048] Another aspect of the present invention includes 
various methods of determining Whether a sample contains 
disseminated cells by determining Whether the sample con 
tains mRNA that encodes a disseminated cell marker. Detec 
tion of the presence of the mRNA is carried out by use of 
nucleotide sequence-based molecular analysis. Several dif 
ferent methods are available for doing so including those 
using Polymerase Chain Reaction (PCR) technology, 
branched chain oligonucleotide hybridiZation technology, 
Northern blot technology, oligonucleotide hybridiZation 
technology, and in situ hybridiZation technology. The inven 
tion relates to oligonucleotide probes and primers used in the 
methods of identifying mRNA that encodes a disseminated 
cell marker. The mRNA sequence-based methods for deter 
mining Whether a sample contains mRNA encoding a dis 
seminated cell marker include but are not limited to poly 
merase chain reaction technology, branched chain 
oligonucleotide hybridiZation technology, Northern and 
Southern blot technology, in situ hybridiZation technology 
and oligonucleotide hybridiZation technology. 

[0049] The methods described herein are meant to exem 
plify hoW the present invention may be practiced and are not 
meant to limit the scope of invention. It is contemplated that 
other sequence-based methodology for detecting the pres 
ence of speci?c mRNA that encodes a disseminated cell 
marker in samples may be employed according to the 
invention. 

[0050] A preferred method for detecting mRNA that 
encodes a disseminated cell marker in genetic material 
derived from samples that do not normally express the 
disseminated cell marker uses PCR technology. PCR assays 
are useful for detecting mRNA encoding a disseminated cell 
marker in homogeniZed tissue samples and in body ?uid 
samples. 
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[0051] PCR technology is practiced routinely by those 
having ordinary skill in the art and its uses in diagnostics are 
Well knoWn and accepted. Methods for practicing PCR 
technology are disclosed in “PCR Protocols: A Guide to 
Methods and Applications”, Innis, M. A. et al., eds., Aca 
demic Press, Inc., San Diego, Calif. (1990), Which is incor 
porated herein by reference. Applications of PCR technol 
ogy are disclosed in “Polymerase Chain Reaction” Erlich, H. 
A. et al., eds. Cold Spring Harbor Press, Cold Spring Harbor, 
NY. (1989), Which is incorporated herein by reference. US. 
Pat. No. 4,683,202, US. Pat. No. 4,683,195, US. Pat. No. 
4,965,188, and US. Pat. No. 5,075,216, Which are each 
incorporated herein by reference, describe methods of per 
forming PCR. PCR may be routinely practiced using, for 
example, the GeneAmp® Gold RNA PCR Reagent Kit from 
PE Biosystems (Foster City, Calif.). 

[0052] PCR technology including RT-PCR alloWs for the 
rapid generation of multiple copies of DNA sequences by 
providing sets of primers that hybridiZe to sequences present 
in an RNA or DNA molecule, and further by providing free 
nucleotides and an enZyme that ?lls in the complementary 
bases to the nucleotide sequence adjacent to and thereby 
betWeen the primers With the free nucleotides to produce 
complementary strands of DNA. The enZyme Will ?ll in the 
complementary sequences adj acent to the primers. If both of 
the primers hybridiZe to nucleotide sequences on the same 
small fragment of nucleic acid, exponential ampli?cation of 
a speci?c double-stranded siZe product results. If only a 
single primer hybridiZes to the nucleic acid fragment, linear 
ampli?cation produces single-stranded products of variable 
length. 

[0053] PCR primers can be designed routinely by those 
having ordinary skill in the art using sequence information. 
Many nucleotide sequences encoding a Wide variety of 
tissue-speci?c markers Which may serve as disseminated 
cell markers have been identi?ed and can be found in the 
scienti?c literature and in such databases as GenBank. 

[0054] The folloWing are non-limiting examples of dis 
seminated cell markers and their cognate nucleotide 
sequence entries in GenBank, Which are incorporated herein 
by reference: 

Marker GenBank Accession No. 

GC-C U20230; P25092; AAC50381 
Cdx1 U51095; NMOO1804; U15212; P47902; AAC50237; 

AAB40602 

Cdx2 U51096; NMOO1265; Y13709; CAA74038; AAB40603 
sucrase- NMOO1041; AAA60551; M22616; NPOO4659 
isomaltase 
PSA XMOO8995 
PSM XMO12114 

CEA NMOO1712; XMO12777 
MUC-l AJOO6206; AJOO6205 
GA733.2 NMOO2354 

[5-HCG 100117; M38559; M54963 
AFP XMOO3498 

[0055] The nucleotide sequences for a given disseminated 
cell marker of interest may be used to design primers that 
speci?cally amplify mRNA that encodes that disseminated 
cell marker. To perform this method, RNA is recovered from 
a sample, by standard extraction 
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[0056] techniques, and tested or used to make cDNA using 
Well knoWn methods and readily available starting materials. 
The RNA may be contained Within the cells of the sample or 
may be in the non-cellular portion. The mRNA encoding a 
disseminated cell marker may be found in the extracellular 
portion of a sample, Where, for example, necrosis results in 
the lysis of disseminated cells and the subsequent release of 
cell contents, including mRNA. Detection of the released 
mRNA Would be indicative of the presence of disseminated 
cells in the sample. 

[0057] Those having ordinary skill in the art can readily 
prepare PCR primers. A set of primers generally contains 
tWo primers. When performing PCR on extracted mRNA or 
cDNA generated therefrom, if the mRNA or cDNA encoding 
the disseminated cell marker is present, multiple copies of 
the mRNA or cDNA Will be made. If it is not present, PCR 
Will not generate a discrete detectable product. Primers are 
generally 8-50 nucleotides, preferably about 15-35 nucle 
otides, more preferably 18-28 nucleotides, that are identical 
or complementary to and therefor hybridiZe to the mRNA or 
cDNA generated therefrom Which encodes a disseminated 
cell marker. In preferred embodiments, the primers are each 
15-35 nucleotide fragments, more preferably 18-28 nucle 
otide fragments of the nucleic acid molecule that comprises 
the nucleotide sequence encoding a disseminated cell 
marker. The primer must hybridiZe to the sequence to be 
ampli?ed. Typical primers are 18-28 nucleotides in length 
and generally have 50% to 60% G+C composition. The 
entire primer is preferably complementary to the sequence it 
must hybridize to. Preferably, primers generate PCR prod 
ucts 100 base pairs to 2000 base pairs. HoWever, it is 
possible to generate products of 5 kb to 10 kb and more. If 
mRNA is used as a template, the primers must hybridiZe to 
mRNA sequences. If cDNA is used as a template, the 
primers must hybridiZe to cDNA sequences. 

[0058] The mRNA or cDNA is combined With the primers, 
free nucleotides and enZyme folloWing standard PCR pro 
tocols. The mixture undergoes a series of temperature 
changes. If the mRNA or cDNA encoding the disseminated 
cell marker of interest is present, that is, if both primers 
hybridiZe to sequences, the molecule comprising the primers 
and the intervening complementary sequences Will be expo 
nentially ampli?ed. The ampli?ed DNA can be easily 
detected by a variety of Well knoWn means. If no mRNA or 
cDNA that encodes the disseminated cell marker of interest 
is present, no PCR product Will be exponentially ampli?ed. 
The PCR technology therefore provides an extremely easy, 
straightforWard and reliable method of detecting mRNA 
encoding a disseminated cell marker in a sample. 

[0059] PCR products may be detected by several Well 
knoWn means. The preferred method for detecting the pres 
ence of ampli?ed DNA is to separate the PCR reaction 
material by gel electrophoresis and stain the gel With 
ethidium bromide in order to visual the ampli?ed DNA if 
present. AsiZe standard of the expected siZe of the ampli?ed 
DNA is preferably run on the gel as a control. 

[0060] In some instances, such as When unusually small 
amounts of RNA are recovered and only small amounts of 
cDNA are generated therefrom, it is desirable or necessary 
to perform a PCR reaction on the ?rst PCR reaction product. 
That is, if difficult to detect quantities of ampli?ed DNA are 
produced by the ?rst reaction, a second PCR can be per 
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formed to make multiple copies of DNA sequences of the 
?rst ampli?ed DNA. A nested set of primers are used in the 
second PCR reaction. The nested set of primers hybridiZes 
betWeen sequences hybridized by the ?rst set of primers. 

[0061] Another method of determining Whether a sample 
contains cells expressing a disseminated cell marker is by 
branched chain oligonucleotide hybridiZation analysis of 
mRNA extracted from a sample. Branched chain oligonucle 
otide hybridiZation may be performed as described in US. 
Pat. No. 5,597,909, US. Pat. No. 5,437,977, and US. Pat. 
No. 5,430,138, Which are each incorporated herein by ref 
erence. Reagents may be designed folloWing the teachings 
of those patents and sequence information for a given 
disseminated cell marker. 

[0062] Another method of determining Whether a sample 
contains cells expressing mRNA encoding a disseminated 
cell marker is by Northern Blot analysis of mRNA extracted 
from a sample. The techniques for performing Northern blot 
analyses are Well knoWn by those having ordinary skill in the 
art and are described in Sambrook, J. et al., (1989) Molecu 
lar Cloning: A Laboratory Manual, Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, NY. mRNA extrac 
tion, electrophoretic separation of the mRNA, blotting, 
probe preparation and hybridiZation are all Well knoWn 
techniques that can be routinely performed using readily 
available starting material. 

[0063] The mRNA is extracted using poly dT columns and 
the material is separated by electrophoresis and, for 
example, transferred to nitrocellulose paper. Labeled probes 
made from an isolated speci?c fragment or fragments can be 
used to visualiZe the presence of a complementary fragment 
?xed to the paper. Probes useful to identify mRNA in a 
Northern Blot have a nucleotide sequence that is comple 
mentary to mRNA transcribed from the gene that encodes a 
given disseminated cell marker. Those having ordinary skill 
in the art could design such probes or isolate and clone a 
given disseminated cell marker gene or cDNA Which can be 
used as a probe. 

[0064] Northern blot analysis is useful for detecting 
mRNA encoding a disseminated cell marker in homogeniZed 
tissue samples and cells in body ?uid samples. It is con 
templated that Northern Blot analysis of mRNA extracted 
from a tissue or body ?uid sample could be used to detect 
mRNA encoding a disseminated cell marker. 

[0065] Another method of detecting the presence of 
mRNA encoding disseminated cell marker is by oligonucle 
otide hybridiZation technology. Oligonucleotide hybridiZa 
tion technology is Well knoWn to those having ordinary skill 
in the art. Brie?y, detectable probes Which contain a speci?c 
nucleotide sequence that Will hybridiZe to nucleotide 
sequence of mRNA encoding a given disseminated cell 
marker. RNA or cDNA made from RNA from a sample is 
?xed, usually to ?lter paper or the like. The probes are added 
and maintained under conditions that permit hybridiZation 
only if the probes fully complement the ?xed genetic 
material. The conditions are suf?ciently stringent to Wash off 
probes in Which only a portion of the probe hybridiZes to the 
?xed material. Detection of the probe on the Washed ?lter 
indicate complementary sequences. 

[0066] One having ordinary skill in the art can design 
probes that are fully complementary to disseminated cell 
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marker mRNA sequences but not to genomic DNA. Hybrid 
iZation conditions can be routinely optimiZed to minimiZe 
background signal by non-fully complementary hybridiZa 
tion. 

[0067] Oligonucleotide hybridiZation techniques are use 
ful for detecting mRNA encoding a disseminated cell marker 
in homogeniZed tissue samples and cells in body ?uid 
samples. It is contemplated that oligonucleotide hybridiZa 
tion analysis of mRNA extracted from a tissue or body ?uid 
sample could be used to detect mRNA encoding a dissemi 
nated cell marker. 

[0068] The presence of mRNA that encodes a dissemi 
nated cell marker or cDNA generated therefrom can be 
determined using techniques such as in situ hybridiZation. In 
situ hybridiZation technology is Well knoWn by those having 
ordinary skill in the art. Brie?y, cells are ?xed and detectable 
probes Which contain a speci?c nucleotide sequence are 
added to the ?xed cells. If the cells contain complementary 
nucleotide sequences, the probes, Which can be detected, 
Will hybridiZe to them. 

[0069] One having ordinary skill in the art can design 
probes useful in in situ hybridiZation technology to identify 
cells that express mRNA that encodes a disseminated cell 
marker. The probes should be designed to be fully comple 
mentary to mRNA sequences but not to genomic sequences 
for the marker gene of interest. HybridiZation conditions can 
be routinely optimiZed to minimiZe background signal by 
non-fully complementary hybridiZation. The probes are 
fully complementary and do not hybridiZe Well to partially 
complementary sequences. The probes may be detected by 
?uorescence. A common procedure is to label the probe With 
a biotin-modi?ed nucleotide, and then detect the probe With 
?uorescently tagged avidin. Cells are ?xed and the probes 
are added to the genetic material. Probes Will hybridiZe to 
the complementary nucleic acid sequences present in the 
sample. Using a ?uorescent microscope, the probes can be 
visualiZed by their ?uorescent markers. The probes may also 
be labeled for direct detection by incorporating radiolabeled 
nucleotides or nucleotides having detectable non-radioactive 
labels. Such probe detection systems are Well knoWn to 
those of skill in the art. 

[0070] The presence of mRNA encoding a disseminated 
marker in a sample can be indirectly assayed by translation 
of the mRNA present in the sample, folloWed by detection 
of disseminated marker protein product using immunologi 
cal assays With protein-speci?c antibodies. Such immuno 
logical assays include, but are not limited to, immunopre 
cipitation, immunoblotting, and immunohistochemistry. The 
antibodies can be visualiZed through a variety of detection 
techniques Well knoWn to the art. The antibodies are detect 
ably labeled or detected using a labeled second antibody or 
protein A. 

[0071] Other embodiments of the invention Will be readily 
understood by those of skill in the art. 

[0072] The invention is further illustrated by Way of the 
folloWing examples, Which are intended to elaborate several 
embodiments of the invention. These examples are not 
intended to, nor are they to be construed to, limit the scope 
of the invention. It Will be clear that the invention may be 
practiced otherWise than as particularly described herein. 
Numerous modi?cations and variations of the present inven 



US 2002/0012931 A1 

tion are possible in vieW of the teachings herein and, 
therefore, are Within the scope of the invention. 

EXAMPLES 

Example 1: Materials and Methods 

Clinical Specimens 

[0073] Blood and tissue specimens Were obtained from the 
hematology/oncology clinic under an Institutional RevieW 
Board-approved protocol (Control #980614) at Thomas 
Jefferson University Hospital (Philadelphia, Pa.) and the 
Cooperative Human Tissue Network (Philadelphia). Healthy 
volunteers and Dukes’ Stage D patients Were informed about 
the study and asked to participate. After informed consent 
Was obtained, each participant received a unique identi?ca 
tion number that Was recorded on blood samples and any 
acquisition forms. Blood (~16 cc) collected into Vacu 
tainer® CPTTM tubes containing sodium heparin Was cen 
trifuged at 25° C. for 15 minutes at 1700 rpm and the 
resulting mononuclear cell, red blood cell, and granulocytes 
fractions recovered for RNA extraction. In some experi 
ments, Whole blood Was centrifuged at 1300 rpm at 4° C. for 
10 minutes, the resulting supernatant containing the platelet 
rich plasma Was centrifuged at 3000 rpm at 4° C. for 10 
minutes, and the platelet pellet Was recovered for RNA 
extraction. 

Isolation and Puri?cation of Platelets 

[0074] In order to isolate and purify platelets, Whole blood 
Was spun at 1300 rpm at 4° C. for 10 minutes. The 
supernatant Was transferred into a neW 15 ml conical tube. 
This platelet-rich plasma Was centrifuged at 3000 rpm at 4° 
C. for 10 minutes and the supernatant Was discarded. The 
platelet pellet Was resuspended in Tris Buffer pH 7.6/ 
protease inhibitor solution. Pellet preps Were then freeZe 
thaWed in liquid nitrogen and placed in a Water bath (37° C.) 
for 10 minutes. Platelets Were homogeniZed and spun in an 
ultracentrifuge at 30,000 rpm at 4° C. for 1 hour. The 
supernatant Was discarded and the pellet Was resuspended in 
Tris buffer pH 7.6 and aliquoted into Eppendorf tubes until 
analysis. 

Peripheral Blood Progenitor Cell (PBPC) 
MobiliZation 

[0075] G-CSF increases the quantity of CD34+stem cells 
in the peripheral circulation. To examine the relationship 
betWeen the quantity of circulating CD34+stem cells and the 
level of illegitimate transcription of epithelial cell markers, 
blood Was obtained from a patient With breast cancer under 
going PBPC mobiliZation in preparation for autologous 
transplantation. The patient received 10 pg/Kg/day (total 
daily dose of 600 pg) of G-CSF (NeupogenTM; Amgen; 
Thousand Oaks, Calif.) as an IV bolus for 3 consecutive 
days. Leukaphoresis Was performed on days 3 and 6 fol 
loWing the ?rst dose of G-CSF. 

Cell Culture 

[0076] T84 and Caco2 human colon carcinoma cells, 
obtained from the American Type Culture Collection 
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(Manassas, Va.), Were groWn to con?uence and used as 
positive controls for GC-C mRNA in RT-PCR analyses (10). 
T84 and Caco2 cells Were groWn in media containing 
DMEM/F12 With 10% FBS and 1% Pen/Strep. Adherent cell 
lines Were routinely passaged by trypsiniZation every 3 to 4 
days. 

Nucleic Acid Extraction 

[0077] Total RNA Was extracted With a modi?ed version 
of the acid guanidinium thiocyanate/phenol/chloroform 
method employing TRI-REAGENTTM (MRC; Cincinnati, 
Ohio). The concentration, purity, and amount of total RNA 
Were determined by ultraviolet spectrophotometery. Only 
samples exhibiting intact 28S and 18S ribosomal RNA Were 
subjected to RT-PCR. All RNA preparations Were stored in 
RNase-free Water (Promega; Madison, Wis.) at —70° C. until 
analysis. 

RT-PCR 

[0078] The expression of epithelial cell markers in blood 
cells Was examined by RT-PCR employing transcript-spe 
ci?c primer sets (Table 1). Reverse transcription of total 
RNA (21 pg) Was performed With 0.25 units/ul of AMV 
reverse transcriptase (Panvera; Madison, Wis.) and buffer 
containing 10 mM Tris-HCl (pH 8.3), 50 mM KC1, 4 mM 
MgCl2, 1 mM each of dATP, dCTP, dGTP, and dTTP, 1 
unit/pl RNase inhibitor (Panvera; Madison, Wis.), and 1 MM 
of the appropriate antisense primer in a total volume of 20 
pl. Thermal cycling proceeded for 1 cycle at 50° C. for 30 
minutes, 99° C. for 5 minutes (to inactivate reverse tran 
scriptase), and 4° C. for 5 minutes. The resultant cDNA Was 
subjected to PCR in the same reaction tube and included 2.5 

units of TaKaRa Taq polymerase (Panvera; Madison, Wis.) 
in 10 pl of: 10 mM Tris-HCl, 50 mM KCl, 2.5 mM MgCl2, 
and 0.2 pM of the appropriate sense primer. Incubation and 
thermal cycling conditions Were: 95° C. for 2 minutes, 1 
cycle; 94° C. for 30 seconds, 58° C. for 30 second, 72° C. 
for 90 seconds, 35 cycles; 72° C. for 5 minutes, 1 cycle. 
FolloWing RT-PCR, samples Were stored at —4° C.? until 
analysis. Nested PCR (70 cycles) Was performed employing 
5% of the PCR product (DNA) and 2.5 units of TaKaRa Taq 
polymerase (Panvera; Madison, Wis.) in 100 pl of: 10 mM 
Tris-HCl, 50 mM KCl, 2.5 mM MgCl2, and 0.2 pM of the 
appropriate sense primer. Incubation and thermal cycling 
conditions Were: 95° C. for 2 minutes, 1 cycle; 94° C. for 30 
seconds, 58° C. for 30 seconds, 72° C. for 90 seconds, 35 
cycles; 72° C. for 5 minutes, 1 cycle. Amplicons Were 
separated by 4% Nusieve 3:1 agarose (FMC Bioproducts; 
Rockland, Me.) and visualiZed by ethidium bromide. Ampli 
con identity Was con?rmed at least once by DNA sequenc 
ing. RT-PCR Was performed utiliZing primers for [3-actin on 
all samples to con?rm the integrity of RNA. RNA extracted 
from T84 human colon carcinoma cells Was employed as a 
positive control for GC-C mRNA. Negative controls 
included RT-PCR incubations that omitted RNA template. 
Primers employed for GC-C ampli?cation span predicted 
intron-exon junctions, reducing the probability that ampli 
?cation products re?ect contaminating DNA templates. 
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TABLE 1 

Primer Sequences for RT-PCR Ampli?cations 

SEQ Amplicon 
Transcript ID Size 
(Reference) Primers 5 '—>3' NO: (bp) 

[5-actin TGC- CATCCTAAAAGC- CAC“ 1 
220 

(1) GGAGACCAAAAGC- C'ITCATACb 2 
GC-C GTITCCTATITCTCCCACGAACTC“ 3 

53 0 
(1—3) TITC'ITGGTGTCCACAGAGGTAb 4 
GC-C GGACCACAACAGGAAAAGCAA- 5 
Nested TG“ 

26 2 
(2,3) AGGCAAGACGAAAGTCTCG l l l b 6 
CEA TCTGGAAC'IT CT CCTGGTCTCT- 7 

CAGCTGG“ 
220 

(4) TGTAGCTGTI‘GCAAATGC'I'ITA- 8 
AGGAAGAAGC" 

CEA Nested GGGCCACTGTCGGCATCATGAT 9 1 60 

(4) 
CK-1 9 AGGTGGATI‘CCGCTCCGGGCA“ 10 

46 0 
(4) AT CTTCCT GTCCCTCGAGCAb 1 1 
CK-2O CAGACACACGGTGAACTATGG“ 12 

370 
(4,5) GATCAGC'ITCCACTGTI‘AGACGb 13 
MUC- 1 CGTCGTGGACATTGATGGTACC“ 1 4 

28 8 
(4) GGTACCT CT CACCT CCTCCAAb 15 
PSA TACCCACTGCATCAGGAACA“ 16 

45 5 
(6) CCTTGAAGCACACCATTACAb 17 
PSA Nested ACACAGGCCAGGTATITCAG“ 18 335 
(6) GTCCAGCGTCCAGCACACAGb 19 
PSM GAATGCCAGAGGGCGATCTA“ 20 

441 
(6) TTCTAGGAGCTTCTGTGCATCA- 21 

TAGTATCC" 
PSM Nested AGGGGCCAAAGGAGTCATTCTC- 22 
(6) TACTCCGA“ 

1 8 6 
CT CT GCAATT CCACGCCTATb 23 

GA733 .2 CT ACAAGCT GGCCGTAAACT “ 24 

70 0 
(4) GTCCITGTCTGTTCTTCTGA" 25 

(1)Carrithers et al., 1996, Proc. Natl. Acad. Sci. USA, 93:14827-32. 
(2)Waldman et al., 1998, Dis. Colon Rectum, 41:310-5. 
(3)Cagir et al., 1999, Ann. Intern. Med., 131:805-811. 
(4)Bostick et al., 1998, J. Clin. Oncol., 16:2632-2640. 
(5)Champelovier et al., 1999, Anti-Cancer Res., 19:2073-2078. 
(6)Grasso et al., 1998, Cancer Res., 58:1456-1459. 
“Forward primer. 
bReverse primer. 

Isolation of Puri?ed Cell Components from Blood 
Mononuclear Cells 

[0079] Monocytes, NK cells, T cells, CD19+B cells, and 
CD34+progenitor cells were obtained commercially (Bio 
Whittaker; Charlotte, NC). Puri?ed NK and T cells were 
generously provided by Dr. Bice Perussia, Kimmel Cancer 
Institute, Thomas Jefferson University. CD34+progenitor 
cells were isolated from peripheral blood with the CD34 
Progenitor Cell Isolation KitTM (Miltenyi Biotec; Bergisch 
Gladbach, Germany). Similarly, populations of mono 
nuclear cells were depleted of CD34+cells by use of this kit. 
CD34+progenitor cells were indirectly magnetically labeled 
using hapten-conjugated primary monoclonal antibody 
directed to CD34 and an anti-hapten antibody, coupled to 
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MACSTM microbeads (Bio-Whittaker, Charlotte, NC). 
Magnetically labeled cells were puri?ed and recovered in 
the magnetic ?eld of a MACSTM separator (Bio-Whittaker, 
Charlotte, NC). 

Miscellaneous 

[0080] All reagents were of analytical reagent grade. 
Results are representative of at least three experiments. 
Values representing the mean1SD were calculated using 
Microsoft ExcelTM. 

Example 2: Subject Characteristics 

[0081] Volunteer ages ranged from 20 to 51 years of age 
(y) (32912.4 y), and patient ages ranged from 33 to 79 y 
(59.4127 y). There is an inverse relationship between age 
and the quantity of circulating CD34+stem cells (36), sug 
gesting that those cells contributed less to results obtained 
with patients compared to volunteers. There were no sig 
ni?cant differences between the ages of female (range=23 
51 y; 30.713.3 y) and male (range=20-48 y; 35.113.8 y) 
volunteers, or female (range=33-79 y; 57812.7 and male 
(range=40-78 y; 61.113.0 y) patients. Four female and one 
male patient were African American; all other patients were 
Caucasian. One female and three male volunteers were 
African American; all other volunteers were Caucasian. 
Disease characteristics of patients are outlined in Table 2. 
Twenty one of 24 patients had hepatic metastases, no patient 
had pulmonary metastases, and 5 patients had bone 
metastases. All patients were receiving chemotherapy that 
included 5‘-?uorouracil and leucovorin during this study. 

TABLE 2 

Patient Characteristics. 

Age/Race/ Overall 
Patient Sex“ Metastasesb SurvivalC Chemotherapyd 

1 79BF H 36 FU/LV/CPT-ll 
2 55WM H/Bn 34 FU/LV/CPT-ll/Ox 
3 59WM H 36 FU/LV/CPT-ll/Ox 
4 69WM H 60 FU/LV/CPT-ll/Ox 
5 58WM H/Bn 12 FU/LV/CPT-ll/Ox 
6 61BF H 36 FU/LV/CPT-ll/Ox 
7 66WM H/Spleen 24 FU/LV/CPT-ll/Ox 
8 78WM Bn 6O FU/LV/CPT-ll 
9 7OWF H/Lung 72 FU/LV/CPT-l 1 

1 O 5 5WM H 3 6 FU/LV 
11 41WF Lung 24 FU/LV/CPT-ll 
12 64WM H 60 FU/LV/CPT-ll 
13 49WF H 24 FU/LV/CPT-ll/Ox 
14 52WM H 36 FU/LV/CPT-ll/Ox 
15 71WM H/Lung 6O FU/LV/CPT-ll/Ox 
1 6 33WF H 3 6 FU/LV 
17 78WF H 92 FU/LV/CPT-ll/Ox 
18 55WF H/Lung 48 FU/LV/CPT-ll/Ox 
19 71WF H/Lung 48 FU/LV/CPT-ll/Ox 
2O 66BF H/Lung 36 FU/LV/CPT-ll 
21 66WM H/Bn/Lung 24 FU/LV/CPT-ll/Ox 
22 5OBF H/Lung 48 FU/LV/CPT-ll/Ox 
23 41WF H/Lung/Bn 6O FU/LV/CPT-ll/Ox 
24 4OWM Lung 24 FU/LV/CPT-ll/Ox 

“B, black; W, white; M, male; F, female. 
bH, hepatic; P, pulmonary, Br, brain; Bn, bone. 
CMonths. 
dFU, 5'—fluorouracil; Lv, leucovorin; CPT-11, irinotecan; Ox, oxaliplatin. 


















