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Serum Insulin-like Growth Factor (IGF)-1 and IGF-Binding Proteins

in Lung Cancer Patients

Many studies have shown that insulin-like growth factors (IGF-I & IGF-Il) are
implicated in the autocrine and paracrine growth of various tumors. Alterations
in serum IGFs and IGF-binding proteins (IGFBPs) profiles have been reported
in lung cancer. In this study, we measured serum levels of IGF-l and IGFBPs
in 41 patients with lung cancer (small cell lung cancer, SCLC, 9; non-small
cell lung cancer, NSCLC, 32) by radicimmunoassay and Western ligand blot
(WLB). The serum IGF- level in patients with lung cancer was significantly lower
than in controls (207.9+62.6 vs 281.3+53.9 ng/mL, p<0.01). Patients with
NSCLC showed significantly lower serum levels of IGF-1 compared with SCLC
patients (194.0+62.9 vs 258.4+27.8 ng/mL, p<0.01). Patients with squamous
cell carcinoma tended to show lower serum levels of IGF-I than in those with
adenocarcinoma (187.9+63.6 vs 215.9+59.5 ng/mL, p>0.05). The concentra-
tion of IGFBP-3 in lung cancer was 48% of that found in controls by WLB.
The serum level of IGFBP-2 was markedly elevated in patients with lung cancer
compared with controls (1303.7+618.0 vs 696.2+300.5, p<0.01). However,
there was no significant difference between SCLC and NSCLC groups. This
result showed that serum level of IGF-I/IGFBPs may be useful markers for diag-
nosing and identifying tumor types in lung cancer and further studies are needed.
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INTRODUCTION

The insulin-like growth factors, IGF-I and -II, are im-
portant mitogens of normal and malignant cells. They
regulate cellular proliferation in an autocrine/paracrine
way (1, 2). In the serum of normal adults, most IGFs
are bound in a 150 kDa complex of IGF-I ot -II, acid
labile subunit (ALS) and IGF-binding protein (IGFBP)-3
3).

A wide variety of human tumors have been charactet-
ized as expressing unusually large amount of IGF mRNA
ot protein and IGFBPs (4, 5). Several reports have been
shown that human lung tumor cell lines secrete IGFs and
IGFBPs as well as the alteration of serum IGFs and
IGFBPs levels in human lung cancer (6-8).

In this study, we measured serum IGF-I, IGFBP-2 and
-3 to determine if these indices are useful in the diagnosis
and identification of tumor types in lung cancer.

MATERIALS AND METHODS

Human subjects
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A total of 41 patients were enrolled in this study.
There were 31 males and ten females, ranging from
42-74 years old. Nine patients had histologically con-
firmed small cell lung cancer (SCLC), and 32 had non-
small cell lung cancer (NSCLC). The NSCLC group com-
ptised 25 squamous cell carcinoma and seven adenocatci-
noma. There was no significant demographic differences
between SCLC and NSCLC groups. The control groups
comptised age and sex-matched 20 healthy individuals.

This study was approved by the Ethics Comumittee of
the Chonbuk National University Hospital.

Samples

Blood samples wete obtained from 41 newly diagnosed
untreated patients with lung cancer and 20 normal con-
trols. Aliquots of sera were stored at -70C until used.

Peptide and anti-sera

Recombinant human IGF-I was purchased from
Bachem (Torance, CA, USA). IGF-I was iodinated by
modifying chloramine T method to a specific activity of
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150-300 uCi/ug. Polyclonal and-IGF-I antisetum, a gen-
etous gift of Drs. L E Undetwood and J J Van Wyk
(University of Notth Carolina at Chapel Hill) was distrib-
uted through the Hormone Distribution Program of the
NIDDK to the National Hormone and Pituitaty Pro-
gram.

IGF-I radioimmunoassay (RIA)

To sepatate IGF peptides from their binding proteins,
500 uL of serum was eluted with 0.1% formic acid on
1.0 X100 cm long Sephadex G-50 fine gel filtration. The
fractions eluting between 50 and 70 mL, which contain
90% of the IGF peptide activity, wete collected in glass
tubes containing 1.0 mL of 1% BSA, lyophilized and
reconstituted in 1 mL RIA buffer. Serum IGF-I concen-
tration was determined by RIA using “I-IGF-I and a
polyclonal antisomatomedin C antiserum. The inter- and
intra-assay coefficients of variation were 7 and 5%, te-
spectively, for the IGF-I RIA.

Western ligand blot (WLB)

Three yL of serum was electrophoresed on 10% SDS-
PAGE under nonreducing conditions. The resolved pro-
teins wete electroblotted onto nitrocellulose, incubated
with 2.0X10° cpm of I-IGF-I for 48 hr and exposed
to x-ray films for seven days (9).

IGFBP-2 RIA

Serum IGFBP-2 concentration was determined by
RIA, using IGFBP-2 RIA kit (Diagnostic System Labora-
toties, Webster, Texas, U.S.A.). Samples were diluted
1:100 with RIA buffer. The specific and non-specific
binding of radiolabeled IGFBP-3 were 32.9 and 2.8%,
respectively.

Statistics
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Values are expressed as meanESD. Student’s t-test
was used for statistical analyses of serum IGF-I, IGFBP-2
and -3 values.

RESULTS

The serum concentration of IGF-I in lung cancer, as
determined by RIA, was significantly lower (207.9 £62.6
ng/mL, p<0.01) than that in normal controls (281.3 %
53.9 ng/mL, Table 1). Patdents with NSCLC showed
significantly lower level of serum IGF-I compared with
SCLC patients (194.0£62.9 vs 258.41+27.8 ng/mL, p<
0.01). Furthermore, patients with squamous cell catcino-
ma tended to show lower serum levels of IGF-I than
these in patients with adenocarcinoma (187.9163.6 vs
215.9459.5 ng/mL, p>0.05).

The serum profiles of IGFBPs in lung cancer were
significantly different from 20 normal controls. A western
ligand blot (WLB) of sera from 41 patients with lung
cancer and normal controls were petformed. The typical
finding of 13 patient samples was provided in Fig. 1.
Pooled control serum (lane 1) has two major bands,
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Fig. 1. Serum IGFBP pattern in 13 patients with lung cancer
by western ligand blot. Lane 1, pooled control serum; lanes
2-14, sera from individual lung cancer patient. Arrows indicate
IGFBP-1, -2, -3 and 4. A representative gel from one of 3
experiments is shown.

Table 1. Serum IGF-I, IGFBP-2 and -3 concentrations in lung cancer patients

Lung cancer

Normal controls Total SCLC NSCLC
(n=20) (n=41) (n=9) Squamous (n=25)  Adeno (n=7)
IGF-l (hg/mL) 281.3+539 207.9+629* 258.4+278 187916361 2159+595
IGFBP-2 (ng/mL) 696.2+200.5 1303.7+518.0* 1125.7+358.6 1275.4+453.5 1638.8+825.1
IGFBP-3 (ADU) 1543+£2.15 74345421 743+542 7.65+5.09 7211597

ADU, arbitrary densitometric unit; SCLC, small cell lung cancer; NSCLC, non-small cell lung cancer; Squamous, squamous cell carci-

noma; Adeno, Adenocarcinoma
Values are expressed by mean =+ standard deviation.

*n<0.01, Tp<0.05 compared with normal controls, tp<0.01 compared with SCLC.
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cotresponding to the glycosylated form of IGFBP-3, with
molecular weights (MW) ranging 37-43 kDa. Other
bands wete seen in control serum with MW of 31, 28
and 24 kDa, corresponding to IGFBP-2, -1 and -4, re-
spectively. The IGFBP-3 band on autoradiograph of the
blot was quantitated by scanning with a LKB Ultra-Scan
XL densitometer. The results in atbitrary densitometty
unit ate shown in Table 1. In lung cancer sera, IGFBP-3
was 48% of that found in controls (7.4£5.4 vs 15.4%
2.2 ADU, p<0.05). The serum concentration of IGFBP-
2, as determined by RIA, was significantly high (1303.7
1518.0 ng/mL, p<0.01), when compated with normal
controls (696.21+200.5 ng/mL as shown in Table 1).
However, thete was no significant differences in serum
IGFBP-2 and -3 between SCLC and NSCLC groups.

DISCUSSION

It is well known that many pulmonary tumots sectete
hormones and other substances ectopically. Thete have
been many trials to make use of these substances to
diagnose eatly, to identify tumot type and stage, and to
monitor the tesponse to treatment in lung cancer pa-
tients (10).

In the present study, we observed decteased levels of
setum IGF-I, IGFBP-3 and incteased serum IGFBP-2
levels in patients with lung cancet. The low serum IGF-I
levels detected in patients with lung cancer could be due
to decreased synthesis or incteased catabolism of IGF-L
Serum IGF-I levels decrease due to protein-calorie mal-
nutrition, fasting, severe insulin deficiency, liver disease
and ptimary hypothyroidism (11). Even though our pa-
tients do not seem to have inadequate protein intake, the
negative nitrogen balance may, in part, explain the low
level of serum IGF-I. The elevated level of serum IGF-I
in non-small cell lung cancer patients was observed by
several investigators (6, 7, 12). Reeve et al. (8) reported
that decreased serum IGF-I concentration is associated
with abnormal glucose tolerance in small cell lung can-
cer. In our study, patients with NSCLC showed signifi-
cantly lower serum IGF-I level compared with SCLC
patients. This implied that serum concentration of IGF-I
may be changed by the tumor cell type.

The serum concentration of IGFBP-2 has been found
to be elevated in lung cancer patient compared to normal
controls. The concentration of serum IGFBP-2 is not
changed by acute metabolic events but is slightly in-
creased after prolonged fasting (13). Plasma IGFBP-2 is
increased in patients with chronic renal failure, hepatic
failure, non-islet cell tumor hypoglycemia and leukemia
(14). In general, there is an inverse telationship between
the serum IGFBP-3 and IGFBP-2. Many studies have
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demonstrated that the increased concentration of serum
IGFBP-2 in lung tumorts probably results from tumor
overproduction (6, 15). Cohen et al. (16) suggested that
elevated levels of serum IGFBP-2 in prostate cancet
patients was due to sectetion by prostate tumot.

IGFBP-3, the predominant IGFBP in adult serum,
was significantly decteased in lung cancer patient com-
pared with normal controls. Plasma IGFBP-3 levels vaty
with the developmental age and growth hormone/IGF-I
level. Howevert, plasma IGFBP-3 levels show little diut-
nal vatiation and are not changed by acute metabolic
events (17). Plasma IGF-I and IGFBP-3 often change
cootdinately, being decteased in growth hormone defi-
clency, and in catabolic states such as diabetes mellitus
and dietaty protein restriction. The reduction of intact
IGFBP-3 may be due to proteolysis of IGFBP-3. Various
proteases capable of cleaving IGFBP-3 have been te-
ported (18, 19). While serum IGFBP-2 is increased and
IGFBP-3 is decteased in patients with prostate cancer
(20), we could not observe the significant difference of
serum IGFBP-2 and -3 between SCLC and NSCLC
groups.

In conclusion, patients with lung cancer had low se-
tum levels of IGF-I and IGFBP-3, and incteased IGFBP-
2 levels, when compared with normal controls. The dif-
ference of serum IGF-I and IGFBPs levels between in
lung cancer patients and in normal controls showed the
possibility that IGFs and IGFBPs, especially IGF-I, may
be a uesful tumor matkers for lung cancer. Further study
in the distutbance of IGF-IGFBP axis in lung cancer
patients for early diagnosis, clinical staging, identification
of tumor type and tesponse to therapy in lung cancer

will be needed.
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