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BARBARA MROCZKO,* MACIEJ SZMITKOWSKI,* URSZULA WERESZCZYNSKA—SIEMIATKOWSKA,]L

and BOGNA OKULCZYK}

For a long time markers that can detect a malignant cell transformation as early as possible have
been sought. Substances which have been discovered are known as tumor markers. Stem cell fac-
tor (SCF) and interleukin 3 (IL-3) are members of a group of glycoprotein growth factors called
hematopoietic cytokines (HCs). These factors take part in the regulation of developmental processes
of hematopoietic progenitor cells and it was proved that HCs can be produced by different cancer
cells, including colorectal cancer. The aim of this study was to investigate a potential role for SCF
and IL-3 as tumor markers for colorectal cancer. We compared the serum levels of SCF and IL-3
in colorectal cancer patients with those in healthy subjects (control group) and commonly accepted
tumor markers, such as carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA 19-9).
We defined the diagnostic sensitivity, specificity, positive predictive value, negative predictive value,
and receiver-operating characteristics (ROC) curve of tested substances. SCF and IL-3 were deter-
mined using enzyme-linked immunosorbent assay (ELISA). CEA and CA 19-9 were measured by
microparticle enzyme immunoassay. The serum levels of HCs and tumor markers were investigated
in 75 patients with colorectal cancer and in 40 healthy subjects. There were significant differences
in the level of circulating SCF and IL-3 in the colorectal cancer patients compared to the control
group. Moreover, the diagnostic sensitivity of SCF was higher than the sensitivity of CEA and CA
19-9. The SCF area under the ROC curve was larger than the IL-3 area but smaller than the CEA and
CA 19-9 areas. The diagnostic specificities of cytokines were lower than those of tumor markers,
but the combined use of cytokines and tumor markers increased the diagnostic values. The highest
values of diagnostic parameters were observed for the combined use of SCF and CA 19-9. These
results suggest a potential role for SCF and IL-3 as tumor markers for colorectal cancer, especially
in combination with CEA or CA 19-9.
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Colorectal cancer is one of the most common forms of
neoplasmas. The prognosis for patients with cancer of
colon or rectum is strongly correlated with the pathologic
stage at the time of diagnosis (1) and it is very impor-
tant to find markers which would detect a malignant cell
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transformation as early as it is possible (2). Stem cell fac-
tor (SCF) and interleukin 3 (IL-3) are hematopoietic cy-
tokines (HCs), which induce proliferation of hematopoi-
etic progenitor cells (3). The effect of these factors is not
limited to bone marrow cells (4). Hematopoietic cytokine
receptor have been found on nonhematopoietic tumor cell
lines including colorectal cancer (5, 6). A number of stud-
ies have shown autologous production of hematopoietic
cytokines in various human cell lines derived from cancer
and demonstrated that these factors can stimulate tumor
progression (7, 8). Moreover, the enhanced production of
extracellular matrix-degrading proteinases by cancer cells
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in response to treatment with HCs may represent a bio-
chemical mechanism which promotes the invasive behav-
ior of cancer cells (9). The ability of colon carcinoma cell
lines to synthetize HCs has been documented, but little
is known about the in vivo production of SCF and IL-3
by colorectal cancer and their serum levels in cancer pa-
tients (10, 11). We found increased concentrations of IL-3,
granulocyte—macrophage colony stimulating factor (GM-
CSF), granulocyte colony stimulating factor (G-CSF), and
macrophage colony stimulating factor (M-CSF) in the sera
of colorectal cancer patients (12, 13) and increased serum
levels of M-CSF in pancreatic cancer patients (14), but we
did not define the diagnostic criteria for SCF and IL-3 in
these patients.

In the current investigation, which is a continuation
of our previous studies, we tested the serum level of
hematopoietic cytokines, such as SCF and IL-3, in col-
orectal cancer patients in relation to a control group and
to commonly accepted tumor markers, such as carci-
noembryonic antigen (CEA) and carbohydrate antigen
19-9 (CA 19-9). We defined the diagnostic criteria, such
as diagnostic sensitivity, specificity, positive predictive
value, negative predictive value, and receiver-operating
curve characteristics (ROC) curve of tested cytokines and
markers.

METHODS

Patients

The protocol was approved by the Human Care Committee
of the Medical Academy in Bialystok, Poland (Approval No.
R-1-0003/213/2001). All patients gave on informed consent for
the examination.

The study included 75 colorectal cancer patients (43 males
and 32 females, aged 34-86 years) diagnosed by the Oncol-
ogy Group and operated on in the Second Department of Gen-
eral Surgery at the Medical Academy Hospital in Bialystok
and 40 healthy people (control group, 20 males and 20 fe-
males; aged 21-66 years). All of the colorectal cancer pa-
tients underwent surgical resection. Tumors were localized in
the colon (n = 36) and in the rectum (n = 39). None of the pa-
tients had received chemo- or radiotherapy before blood sample
collection.

Pretreatment staging procedures included physical and blood
examinations, chest roentgenogram, computed tomography
(CT), abdominal ultrasound scanning, and colonoscopy. In addi-
tion, radioisotopic scans of bones, examination of bone marrow
aspirates and abdominal, and brain CT scans were performed
when necessary. During the operations, radical lymph node dis-
section was uniformly performed. Postoperative, pathological
staging (primary tumor, regional lymph node involvement, oc-
currence of distant metastasis) was performed by correlating the
operative and histological findings. The American Joint Com-
mittee on Cancer Classification and stage grouping was used
to classify the tumors (15). Patients were divided into three
groups: 32 patients in stage II, 28 patients in stage III, and 15 pa-
tients in stage I'V. Each tumor was histopathologically classified
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according to its morphology, using the World Health Organiza-
tion criteria presented by Jass and Sobin (16).

Material

Venous blood samples were collected from every patient be-
fore surgery, centrifuged to obtain serum samples, and stored at
—80°C until assayed.

Biochemical Assays

Determination of SCF and IL-3. SCF and IL-3 were mea-
sured by enzyme-linked immunosorbent assay (ELISA) (R&D
Systems, Abingdon, UK), according to the manufacturer’s in-
structions. The manufacturer claims a sensitivity of <9 ng/L, an
intra-assay variability of 2.0% at a SCF concentration of 655
and <7.4 ng/L, and an intra-assay variability of 5.7% at a IL-3
concentration of 115 ng/L. The cutoff point was 1285 ng/L for
SCF and 0.10 ng/L for IL-3.

Determination of CEA and CA 19-9. CEA and CA 19-9
were measured by microparticle enzyme immunoassay (MEIA)
kits (Abbott, Chicago, IL, USA) using cutoff values of 4 ug/L
for CEA and 30 x 10° U/L for CA 19-9.

All cutoff values were obtained from a study of a healthy
population (the 95th percentile) in our department.

Statistical Analysis

A preliminary statistical analysis (chi-square test) revealed
that the distribution of cytokines and tumor marker levels does
not follow a normal distribution. Consequently, the Mann—
Whitney U test was used for statistical analysis. Data are pre-
sented as median and range. Statistically significant differences
were defined as comparisons resulting in P < 0.05. The di-
agnostic criteria, such as the diagnostic sensitivity, specificity,
predictive value, and ROC curve, were determined using the
GraphRoc Program for Windows (University of Turku, Turku,
Finland) (17).

Sensitivity
number of true-positive results x 100%

" number of true-positive results -+ number of false-negative results

Specificity
number of true-negative results x 100%

" number of true-negative results + number of false-positive results

Positive predictive value

number of true - positive results x 100%

" number of true-positive results + number of false-positive results
Negative predictive value

number of true - negative results x 100%

" number of true-negative results -+ number of false-negative results

RESULTS

Table 1 shows the median and range of cytokine and
tumor markers levels in the sera of colorectal cancer pa-
tients and healthy subjects (control group). The median
IL-3, CEA, and CA 19-9 levels in the colorectal cancer pa-
tients were significantly higher, but the median SCF level
significantly lower, than those in the control group. The

Digestive Diseases and Sciences, Vol. 50, No. 6 (June 2005)



STEM CELL FACTOR AND IL-3 IN SERA OF PATIENTS WITH CRC

TABLE 1. SERUM LEVELS OF HEMATOPOIETIC CYTOKINES AND TUMOR MARKERS IN COLORECTAL CANCER PATIENTS

SCF (ng/L) IL-3 (ng/L) CEA (ng/L) CA 19-9(U/L)
Tested group Median Range Median Range Median Range Median Range
Cancer patients group (n = 75) 891*  473-1706 3.67* 0.00-48.5 2.80%  0.10426  6.11% x 10> 0.00-411 x 103
Stage II (n = 32) 959*  599-1495 2.25% 0.00-27.7 1.75%  02041.1 4.67* x 10> 0.00-336 x 10°
Stage III (n = 28) 807*  473-1706 5.18% 0.00-45.0 2.90%  0.10426  7.28% x 10> 0.00-265 x 103
Stage IV (n = 15) 920*  493-1307 5.30%* 0.00-48.5 17.6* 0.80-180  13.8* x 10>  0.00411 x 103
Control group (n = 40) 1092 642-1812 0.00 0.00-36.5 0.95 0.00-2.60 1.12 x 10°  0.00-19.0 x 10

*Statistical significance compared to the control group.

median IL-3 level in the control group was 0 ng/L, because
the serum levels of more than 50% of the patients in this
group were not detectable (0 ng/L). The IL-3, CEA, and
CA 19-9 levels were higher in the more advanced tumor
stage (stage IV) than in stage II, but the SCF levels were the
highest in stage II. The cytokine and tumor marker serum
levels in all stages were significantly higher (IL-3, CEA,
CA 19-9) or lower (SCF) than those in the control group.

The diagnostic criteria for cytokines and tumor markers
are shown in Table 2. The sensitivity of SCF was higher
than the sensitivity of IL-3 and tumor markers. The speci-
ficities and positive predictive values of CEA and CA 19-9
were higher than those of cytokines. The highest negative
predictive values were observed for IL-3 and SCF.

Table 3 presents the diagnostic criteria of combined use
of cytokines and tumor markers. The diagnostic sensitivity
and the negative predictive values were the highest for the
combined use of SCF with CEA (90 and 85%) or CA
19-9 (92 and 87%) and the lowest for the combination
of CEA and CA 19-9 (45 and 49%, respectively). Other
diagnostic parameters, such as the diagnostic specificity
and the positive predictive value, were 100%, except for
the combination of SCF with IL-3.

The relationship between diagnostic sensitivity and
specificity was illustrated with ROC curves (Figures 1 and
2). They show that the area under the ROC curve for SCF
(0.7232; Figure 1) was larger than the ROC area for IL-
3 (0.6840; Figure 2) and smaller than the areas for CEA
(0.7963) and CA 19-9 (0.7362) (Table 2).

DISCUSSION

Colorectal cancer is a leading cause of cancer, its inci-
dence being highest in industrialized countries (18). Each

year in the United States, colon cancer is diagnosed in
nearly 140,000 men and women and leads to the death
of nearly 60,000 (19). Therefore, this cancer has been the
focus of intense research for many years.

Tumor markers are usually proteins associated with a
malignancy and might be clinically useful in patients with
cancer (20). A tumor marker can be detected in a solid
tumor, in peripheral blood, in lymph nodes, in bone mor-
row, or in other body fluids (ascites, urine, and stool).
These markers are synthesized and excreted by tumor tis-
sue, released on tumor disintegration, or formed by nor-
mal tissue as a reaction of the organism to a tumor. Tumor
markers can be measured quantitatively in biological flu-
ids to indicate the presence, location, or extent of malig-
nant tumors (20). The ideal tumor marker should possess
a high diagnostic specificity, i.e., not detectable in benign
cases and healthy subjects, a high diagnostic sensitivity,
i.e., detectable very early when only a few cancer cells
are present, organ specificity, correlation with the tumor
stage or tumor mass, correlation with prognosis, and re-
liable prediction value. Although there has been a rapid
expansion of the number of proposed tumor markers dur-
ing the last few years, none has fulfilled all of the above
criteria.

Colon cancer cells are capable of producing hematopoi-
etic cytokines constitutively (10, 11). These cytokines may
act on cancer cells in an autocrine manner or on support-
ing tissues such as fibroblasts and blood vessels to pro-
duce an environment conductive to cancer growth. The
cytokines may also induce normal cells, such as tumor-
associated macrophages (TAM) and endothelial cells, to
produce additional cytokines that support the malignant
process (7). Several cell lines of malignant tumors have
been demonstrated to secrete large amounts of HCs, but

TABLE 2. DIAGNOSTIC CRITERIA FOR HEMATOPOIETIC CYTOKINES AND TUMOR MARKERS FOR COLORECTAL CANCER

Area under Diagnostic Diagnostic Positive predictive  Negative predictive
Tested marker Cutoff ROC curve  sensitivity (%)  specificity (%) value (%) value (%)
SCF 1285 ng/L 0.7232 89 17 67 47
IL-3 0,10 ng/L 0.6840 55 80 84 48
CEA 4,0 pg/L 0.7963 37 100 100 46
CA 19-9 30 x 10° U/L 0.7362 20 100 100 40
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TABLE 3. DIAGNOSTIC CRITERIA FOR COMBINED USE OF HEMATOPOIETIC CYTOKINES AND TUMOR MARKERS
FOR COLORECTAL CANCER

Diagnostic Diagnostic Positive predictive Negative predictive
Tested marker sensitivity (%) specificity (%) value (%) value (%)
SCF + IL-3 92 82 90 85
SCF + CEA 90 100 100 85
SCF + CA 19-9 92 100 100 87
IL-3 + CEA 75 100 100 68
IL-3 + CA 19-9 60 100 100 57
CEA + CA 19-9 45 100 100 49

the question is whether the serum levels of these factors
are higher in colon cancer patients than in healthy subjects
and whether hematopoietic cytokines might be useful as
tumor markers.

To our knowledge, this is the first study showing the all
diagnostic criteria for SCF and IL-3 in colorectal cancer
patients. Previously, we found increased concentrations of
IL-3, GM-CSF, G-CSF, and M-CSF in the sera of colorec-
tal cancer patients (12,13) and increased serum levels of
M-CSF in pancreatic cancer patients (14), but we did not
define the diagnostic criteria for SCF and IL-3 in these
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patients. In the current study, the serum IL-3, CEA, and
CA 19-9 levels in colorectal cancer patients were signifi-
cantly higher, but the serum SCF level significantly lower,
than those of the control group. The results of the cur-
rent study support our previous findings. Interestingly, the
serum SCF levels were lower in cancer compared with
the control group, which suggests that the alterations in
the levels of tested cytokines may be a result of changes
in the immune system. Moreover, the SCF-c-kit system
may have a growth-regulating role in the normal tissues,
which is altered during malignant transformation (21).
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= 0.7232, SE=0.0476

Fig 1. The receiver-operating characteristics (ROC) curve for the relationship between
diagnostic sensitivity and specificity of stem cell factor in colorectal cancer patients.

1022

Digestive Diseases and Sciences, Vol. 50, No. 6 (June 2005)



STEM CELL FACTOR AND IL-3 IN SERA OF PATIENTS WITH CRC

10_

gy
09 g2 '//
9. o
/'/
u‘a-- .////
. //////
e

08/ /
> S
- i
= =
-"a" 05 !
= |
[V /
(I 7L

/
pal e l
02/
|
o1
00) g ) A i i , : . ' .
00 0.1 02 03 0.4 05 06 07 0.8 09 10
1 - specificity
BOTH.ROC, Area = 0.6840, SE=0.0487

Fig 2. The receiver-operating characteristics (ROC) curve for relationship between diagnostic
sensitivity and specificity of interleukin 3 in colorectal cancer patients.

The diagnostic criteria for tumor markers are sensitivity,
specificity, and predictive values. In our previous study, in
lung cancer patients the sensitivity of M-CSF was lower
(38%), but the sensitivity of G-CSF was higher (56%),
than the sensitivity of the commonly accepted tumor mark-
ers such as CYFRA 21-1 (51%) and not as high as that
of CEA (62%) (22, 23). In colorectal cancer patients, the
M-CSF sensitivity was higher (65%) than the sensitivity
of G-CSF (31%) and the sensitivity of the other markers
(12). In our current study, the CEA and CA 19-9 speci-
ficities were 100%, but the sensitivities of these markers
were low. The combination of CEA and CA 19-9 did not
significantly improve this diagnostic parameter, but the
diagnostic sensitivity was the highest for the combined
use of SCF with CEA or CA 19-9. This suggests that the
combination of SCF with these markers may be useful for
diagnosis of colorectal cancer.

The positive predictive value represents the probabil-
ity that a tumor exists in the case of positive test results.
The negative predictive value indicates the probability that
there is no tumor in the case of negative test results. In this
investigation, the combined use of SCF with CEA or CA
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19-9 proved to have the highest predictive values. The
most important criterion for tumor markers is sensitivity/
specificity diagram ROC curves. The area under the ROC
curve indicates the clinical usefulness of a tumor marker.
A larger area under the ROC curve corresponds to a better
tumor marker. In this study, the SCF area under the ROC
curve was larger than the IL-3 ROC area and smaller than
the CEA and CA 19-9 areas. In lung cancer patients, the
ROC area of GM-CSF (0.72) was larger than the ROC area
of other tested cytokines (SCF, 0.67; G-CSF, 0.65; M-CSF,
0.56) (22, 23). In colorectal cancer, according to our other
studies, the ROC area of M-CSF (0.86) was larger than
those of SCF (0.72), GM-CSF (0.71), G-CSF (0.69), IL-3
(0.68), and tumor markers (CEA, 0.78; CA 19-9, 0.75)
(13). These results suggest, compared with our previous
studies, that hematopoietic cytokines may be good can-
didates for tumor markers in colorectal cancer. However,
at present it is difficult to say whether the levels of these
cytokines can be used as diagnostic tests for colorectal
cancer or whether these findings may have therapeutic
implications. Further investigations and confirmation by
a prospective study are necessary.
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In conclusion, this is the first study showing all the

diagnostic criteria for SCF and IL-3 in colorectal cancer
patients. These results suggest a potential role for SCF and
IL-3 as tumor markers for colorectal cancer, especially in
combination with CEA or CA 19-9.
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