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Summary

 Brief Report

Yi-Fu-Qing granule is a traditional Chinese medicine for the treatment of acute 
respiratory tract infections. The present study sought to investigate the anti-virus effects 
of Yi-Fu-Qing granule on acute respiratory infections with respiratory syncytial virus 
(RSV) and human adenoviruses type 3 (Ad3). The cytotoxicity of Yi-Fu-Qing granule 
was evaluated by the neutral red assay on HeLa cells. The antiviral effect of Yi-Fu-
Qing granule was tested by observing the cytopathogenic effect (CPE) with a compound 
mixture of Isatis leaf as the positive control drug. The results indicated that the highest 
non-toxicity concentration of Yi-Fu-Qing granule on Hela cells was 1:100. The CPE 
reduction assay showed that Yi-Fu-Qing granule inhibited RSV and Ad3 replication at a 
concentration of 1:100. Thus, Yi-Fu-Qing granule may have a significant antivirus effect 
on acute respiratory tract infections with RSV and Ad3 infections and this could prove 
useful for further antivirus research on acute respiratory tract infections.

Keywords: Yi-Fu-Qing granule, acute respiratory tract infections, respiratory syncytial virus 
(RSV), adenoviruses type 3 (Ad3)

1. Introduction

Acute respiratory tract infections are the most 
common illnesses worldwide afflicting both adults 
and children. It can result in a surprisingly diverse 
range of disease from the mild common cold to severe 
life-threatening lower respiratory tract infections 
(1,2). These infections may result from invasion of 
the respiratory tract by bacteria, viruses, or other 
infectious agents, however, viruses are the most 
frequently identified pathogens. Of approximately 200 
viral respiratory pathogens, those primarily associated 
with acute respiratory tract infections include: 
respiratory syncytial viruses (RSV), adenoviruses, 
influenza viruses, corona-viruses and so on (3). 

RSV disease spectrum includes a wide array of 
respiratory symptoms, from rhinitis to pneumonia and 
bronchiolitis, and it is reported that RSV is the main 
viral cause of bronchiolitis in infants (4). Adenoviruses 
(Ads) are a diverse group of double-stranded DNA 
viruses responsible for a wild variety of human 
ailments especially lower respiratory tract infections 
in infants and children (5). Among the 51 serotypes 
of human Ads identified to date, adenoviruses type 3 
(Ad3) and adenoviruses type 7 (Ad7) can cause large 
disseminated outbreaks of severe respiratory tract 
infections and have been documented to co-circulate 
in a given geographic area, such as, China, Japan, 
USA, and South America (6).

The key step for treating acute viral respiratory 
tract infections is searching for effective antiviral 
agents. Researchers attempt to develop effective 
therapy for RSV, Ad3, and other virus infections have 
been ongoing for as long as the viruses have been 
recognized, however, apart from influenza, there are 
no effective antiviral chemotherapeutic agents and 
vaccines available (7). The emergence of severe acute 
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respiratory syndrome (SARS) in late 2002, the recent 
outbreaks of avian influenza in Asia and especially 
the 2009 outbreaks of influenza A virus subtype H1N1 
are timely reminders of the pandemic risks from 
respiratory viral disease (8). After the outbreak of 
SARS, traditional Chinese medicine has attracted more 
attention from researchers who endeavor to search 
for effective antiviral agents and it may be a good 
candidate with special characteristics for an antivirus.

Yi-Fu-Qing granule, a compound preparation 
of traditional Chinese medicine (for composition 
and main bioactive compounds see Table 1), jointly 
developed by Shandong Provincial Hospital and 
Shandong Qidu Medicine Co., Ltd., has been used 
as effective agents treating acute respiratory tract 
infections especially with the symptom of high 
fever for years in clinics in China. The clinical data 
documented that the total effective rate of Yi-Fu-Qing 
granule's antipyretic effect was 97.14%, while the 
total effective rate of ameliorating other symptoms 
(including headache, nasal obstruction, cough, 
malaise, and so on) was 95.71% (9). Although Yi-Fu-
Qing granule has proven to be effective against acute 
respiratory tract infections according to the clinical 
data, there is no detailed experimental data on Yi-Fu-
Qing granule. Thus, the current study investigated 
the antivirus effect of Yi-Fu-Qing granule on acute 
respiratory infections with respiratory syncytial virus 
(RSV) and human adenoviruses type 3 (Ad3), which 
may prove useful for further antivirus research on 
acute respiratory tract infections.

2. Materials and Methods

2.1. Reagents

Yi-Fu-Qing granule was produced by Shandong 
Qidu Medicine Co., Ltd., Zibo, China, batch number 
20030201. Compound mixture of isatis leaf was 
purchased from Shandong Lunan pharmaceutical 
Co., Ltd., Linyi, China (10 mL/branch, batch number 

20040611). Human cervical cancer cell line HeLa 
cells was provided by Shandong Province Medical 
Scientific Academy. The Long strain of RSV and 
Ad3 were provided by China Academy of Preventive 
Medicine. Fifty percent of tissue culture infectious 
dose (TCID50) of RSV in HeLa cells was 1 × 10–7/0.2 
mL while the TCID50 of Ad3 in HeLa cells was 1 × 
10–5/0.2 mL. In the current study, the infectious dose 
we used was 100 TCID50/0.2 mL both for RSV and 
Ad3. Neutral red staining solution was purchased from 
Beyotime Institute of Biotechnology, Shanghai, China. 
Crystal violet solution was purchased from Sigma-
Aldrich, St Louis, MO, USA. High glucose Dulbecco's 
modified Eagle's medium (DMEM) was purchased from 
Invitrogen, Carlsbad, CA, USA. Fetal calf serum (FCS) 
was purchased from Hangzhou Sijiqing Biological 
Engineering Materials Co., Ltd., Hangzhou, China.

2.2. Toxicity detection of Yi-Fu-Qing granule

HeLa cells (5 × 10–4 cells/mL) were plated in 
96-well plates and incubated for 24 h at 37°C in a 
humidified atmosphere with 5% CO2 in air. Then, five 
concentrations of Yi-Fu-Qing working solution (1:400, 
1:200, 1:100, 1:50, and 1:25) were prepared by diluting 
the Yi-Fu-Qing granule with serum-free medium and 
added into each treated group of cells with an untreated 
group as a control (there were 6 repeat wells for each 
group). After that, the cells were incubated continually. 
Seventy-two hours later, 200 μL of Neutral red 
certified staining solution (working solution: 0.02%) 
was added in each well then incubated for another 2 h 
at 37°C, washed with phosphate buffered saline (PBS) 
two times, and 200 μL de-staining solution (0.1 mol/L 
NaH2PO4 and ethanol, v:v = 1:1, pH 4.5) was added 
in each well. Finally, after keeping 96-well plates in a 
dark place for 30 min, the optical densities (ODs) were 
monitored at a wavelength of 450 nm using an ELISA 
plate reader. Cell viability rate and the highest non-toxic 
concentration of Yi-Fu-Qing granule on HeLa cells 
were detected.

Table 1. Composition and bioactive compounds of Yi-Fu-Qing granule

Amount used (g) 

        7.5

        5

        5
    
        5

        4

        3

Italic numbers in parentheses denote the corresponding references.

Main bioactive compounds

perillaldehyde, perilloside, limonene, rosmarinic acid, 
ursolic acid, et al. (13)

baicalin, wogonoside, baicalein, wogonin, et al. (14,15)

saikosaponin, saikogenin, et al. (16)
    
palmatine HCL, jatrorrhizine chloride, et al. (17)

amygdalin, emulsion, et al. (18)

glycyrrhizic acid, glycyrrhizin, liquiritin, isoliquiritin, iso-
liquiritigenin, et al. (20,21)

Composition

1. Folium perillae
    (Perilla frutescens (L.) Britt.)

2. Scutellaria baicalensis Georgi 

3. Bupleurum chinense DC.

4. Tinospora capillipes Gagnep.

5. Semen armeniacae amarum
(Prunus armeniaca L. var. ansu Maxim)

6. Glycyrrhixa uralensis Fisch
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2.3. Anti-RSV and anti-Ad3 effects detection of Yi-Fu-
Qing granule

HeLa cells (5 × 10–4 cells/mL) were plated in 96-well 
plates with four treated groups and a control group, 
and incubated for 24 h at 37°C in a humidified 
atmosphere with 5% CO2 in air. Then the cells in each 
group were added into solutions of 100 TCID50/0.2 mL 
RSV and Ad3, respectively. After being absorbed 90 
min at 37°C with 5% CO2 in air, the cells were given 
the following different treatments in each treated group 
(Yi-Fu-Qing working solution 1:400, 1:200, and 1:100; 
Compound mixture of Isatis leaf 1:100) and incubated 
for 72 h. After incubation, the infected cells were 
stained with 0.5% crystal violet solution for 30 min, 
and the CPE was observed under a light microscope. 
The CPE was graded as follows: 0 = 0% CPE, 1 = 
0-25% CPE, 2 = 26-50% CPE, 3 = 51-75% CPE, and 4 
= 76-100% CPE (12).

2.4. Statistical analysis

All experiments were performed in triplicate and 
the results were expressed as mean ± S.D. Statistical 
analysis was performed with the ANOVA method using 
SPSS.11.5 software.

3. Results and Discussion

Respiratory infections are recognized as the leading 
cause of acute morbidity in individuals of all ages 
especially children worldwide. After the emergence 
of SARS in 2002 and the current outbreak of novel 
influenza A (H1N1) virus, respiratory virus infections 
have caused high attention and even panic. Thus, 
searching for licensed vaccines and effective antiviral 
agents are the key step for treating respiratory 
infections. However, despite much activity during these 
years, there are no licensed vaccines available for the 
prevention of respiratory viral infections, other than 
influenza. Traditional Chinese medicine may be a great 
treasure for preventing respiratory viral infections. It 
is recorded on Treatise on Febrile Disease (Shang Han 
Lun) that a variety of herbal formulas have been used 
to treat patients with infectious diseases for over 1,800 
years (11).
 In the current study, we sought to investigate 
the anti-virus effect of Yi-Fu-Qing granule on acute 
respiratory infections with respiratory syncytial 
virus (RSV) and human adenoviruses type 3 (Ad3). 
According to the results of neutral red assay, it was 
indicated that the highest non-toxic concentration of Yi-
Fu-Qing granule on HeLa cells was 1:100. Thus, we 
used concentrations of Yi-Fu-Qing granule of 1:400, 
1:200, and 1:100 for the following detections. As shown 
in Table 2, the CPE of virus RSV and Ad3 both were 
decreased with increasing concentrations of Yi-Fu-
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Qing granule, compared with the untreated group. In 
addition, at the concentration of 1:100 for the group of 
Yi-Fu-Qing granule and compound mixture of Isatis 
leaf, there was no CPE for the virus RSV and Ad3. 
This means that the concentration of 1:100 Yi-Fu-Qing 
granule is best to treat RSA and Ad3 virus infections. 
The antivirus effects both of Yi-Fu-Qing granule and 
compound mixture of Isatis leaf, which is an extract of 
Isatis leaf and effective antivirus traditional Chinese 
medicine in clinical use in China for many years (12), 
are nearly the same. As shown in Figure 1, in untreated 
HeLa cells with RSV virus infections, the CPE was 
obvious with the cells swelling, aggregation, and 
fusion, and the CPE of untreated HeLa cells with Ad3 
virus infections, was observed with the cells becoming 
rounded, with swelling, fusion and detachment, while 
with the Yi-Fu-Qing granule at a concentration of 1:100, 
there was no obvious CPE. According to these results, 
we can conclude that Yi-Fu-Qing granule may have a 
significant antivirus effect on acute respiratory tract 
infections with RSV and Ad3 infection.
 Yi-Fu-Qing granule is a compound preparation 
of traditional Chinese medicine consisting of 6 herbs 
including Folium perillae, Scutellaria baicalensis 
Georgi, Bupleurum chinense DC, and so on. Modern 
pharmacological research indicates that Folium perillae 
is the most important herb in the Yi-Fu-Qing granule. 
It has been used in China for centuries to treat various 
diseases including: cough, tumors, bacterial and fungal 
infections, allergy, intoxication, and its bioactive 
compounds such as rosmarinic acid, and ursolic acid 
also have anti-inflammatory and anti-tumour effects 
(13). Scutellaria baicalensis Georgi and its bioactive 
compounds have been shown to be effective in treating 
the common cold, hyperlipemia, atheroclerosis, cancer 
and inflammatory diseases such as atopic dermatitis 
(14,15). Bupleurum chinense DC, as a traditional 
Chinese medicine, has been wildly used for the 
treatment of analgesia, as an anti-inflammatory, an 
antitumor, an anti-biosis and an antivirus. Its bioactive 
compounds such as saikosaponin, and saikogenin 
are reported to effect the regulating of immunity 
(16). Tinospora capillipes Gagnep is mainly used to 
treat cough, swelling and throat pain, skin and breast 
inflammations and so on (17). Semen armeniacae 
amarum, the seed of Prunus armeniaca L.var ansu 

Table 2. CPE of virus RSV and Ad3 for each group
            CPE 
RSV               Ad3

 4                     4
 3                     3

 1                     1
 0                     0

 0                     0

The concentrations 
of drugs

0
1:400

1:200
1:100

1:100

Groups

Un-treated group

Yi-Fu-Qing granule

Compound mixture 
of Isatis leaf
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Maxim, is known to have many therapeutic effects such 
as relieving fever, stopping cough, quenching thirst and 
so on (18). The root of Glycyrrhixa uralensis Fisch has 
been used medicinally for over 2,000 years in China and 
it is generally prescribed by herbalists as a component 
in formulations (19). Glycyrrhixa uralensis Fisch and its 
bioactive compounds such as glycyrrhizic acid are also 
used as an expectorant in the treatment of bronchitis, 
catarrh, and coughs with antiviral, anti-inflammatory, 
antidotal, immune-modulating and other properties (20). 
According to the analysis of these 6 herbs, it is concluded 
that each herb has an antiviral and anti-inflammatory 
effect for treating respiratory infections.
 In conclusion, the present study indicated that Yi-
Fu-Qing granule may have a significant antivirus effect 
on acute respiratory tract infections with RSV and 
Ad3 infection, and this could prove useful for further 
antivirus research on acute respiratory tract infections. 
However, further study is needed to clarify its antivirus 
mechanism on virus RSV and Ad3, and its antivirus 
effects on other viruses.
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Summary

 Brief Report

The present study aims to clarify the inhibitive effect of the compounds from Rheum 
palmatum L. on the SARS-3CL protease. The SARS-CoV 3CL gene was amplified from 
RNA of the SARS virus by PCR. The SARS-CoV 3CL protease was purified from a 
colon bacillus recombinant. Drugs and 3CL protease were incubated together. The 
inhibition rate and IC50 were calculated based on absorbance. Components from the 
Rheum palmatum L. had a high level of anti-SARS-CoV 3CL protease activity. The IC50 
was 13.76 ± 0.03 μg/mL and the inhibition rate was up to 96%. In conclusion, extracts 
from Rheum palmatum L. have a high level of inhibitory activity against 3CL protease, 
suggesting that extracts from Rheum palmatum L. may represent a potential therapeutic 
for SARS.

Keywords: Rheum palmatum L., SARS-3CL protease

1. Introduction

Chinese rhubarb, a Chinese medicinal herb, includes 
roots and rhizomes of Rheum palmatum L., Rheum 
tanguticum Maxim ex Reg., and Rheum officinale 
Baill. Its main active components are anthraquinones. 
Chinese rhubarb has an anti-virus effect on both 
DNA and RNA viruses such as the Coxsackie virus, 
epidemic hemorrhagic fever virus, rubella virus, simple 
herpes virus, varicella virus, varicella zoster virus, 
AIDS virus, hepatitis B virus, influenza virus A, and 
influenza virus B (1,2). Anti-SARS coronavirus effects 
of Rheum palmatum L. extracts were recently reported 
(2). We have used a SARS-3C-l protease inhibition 
test to screen compounds from Taxus celebica, Radix 
Sophorae flavescentis, Radix Glycyrrhiza, Uvaria 
microcarpa, Rubus suavissimus S. Lee, Auricularia 
auricula (L.) Underw, Java Brucea Fruit, male silkworm 

moths, leaf of Mangifera indica Linn, Rhizoma 
Cyrtomii Fortunei, Scutellaria baicalensis Georgi, and 
Artesunate. The present study reveals that among these 
compounds Chinese rhubarb extracts had the highest 
level of anti-SARS-3CL protease activity.

2. Materials and Methods

2.1. Drugs and reagents

To obtain extracts, Rheum palmatum L. (identified by 
Ze-Xiang Du, Guilin Medical College) was powdered, 
sieved, drip filtered, and then combined with 75% 
alcohol. The filtrate was dried, extracted, and then 
chromatographed as described below.
 Taxus celebica, Uvaria microcarpa, Java Brucea 
Fruit, male silkworm moths, Rhizoma Cyrtomii 
Fortunei were extracted with 75% ethanol. Rubus 
suavissimus S. Lee, Auricularia auricula (L.) Underw, 
Radix Glycyrrhiza, leaf of Mangifera indica Linn, 
Scutellaria baicalensis Georgi, Radix Sophorae 
flavescentis were extracted with water. These extracts 
were concentrated and dried. The sample of Artesunate 
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was provided by China National Institute for the Control 
of Pharmaceutical and Biological Products.
 SARS-3CL protease was provided by China 
National Center for Drug Screening. Substrate of 
SARS-3CL protease, Thr-Ser-Ala-Val-Leu-Gln-pNA 
(TQ-6pNA), was provided by GL Biochem (Shanghai) 
Ltd.. Chen312-5 as a positive control was provided by 
China National Center for Drug Screening.

2.2. Separation of the various components of Rheum 
palmatum L.

RH10 was separated from Rheum palmatum L. extract 
through concentration and drying. Massive particles, 
RH11, were also separated during concentration. RH10 
was suspended with water and treated with petroleum 
ether and chloroform (Figure 1). The remaining 
material, RH12, was extracted with ethyl acetate and 
then RH121, RH122, RH123, RH124, and RH125 were 
separated by silica gel column chromatography with a 
gradient of chloroform/methanol (10:0-0:10, v/v).

2.3. Anti-SARS-CoV 3CLprotease effects test

2.3.1. Experimental principle

Virus RNA was extracted from SARS-CoV and SARS-
CoV 3CL protease gene was amplified by RT-PCR. 
An expression vector of SARS-CoV 3CL protease 
gene was constructed. SARS-CoV 3CL protease was 
purified from an E. coli expression system. (NH4)2SO4 

precipitation and anion-exchange chromatography were 
used to prepare highly pure SARS-CoV 3CL protease. 
Thr-Ser-Ala-Val-Leu-Gln-pNA was spotted and the 
chemical bond between Gln and pNA was cleaved by 

SARS-CoV 3CL protease. pNA released was detected 
at 405 nm by a microplate reader (SpectraMAX340, 
Molecular Devices, Sunnyvale, CA, USA).

2.3.2. Experimental methods

The drug test was done with 96-well plates. The total 
volume of the reaction system was 100 μL, which 
contained 2.7 μM 3CL protease, 2% DMSO, 50 
mM Tris·HCl (pH 7.5), 1 mM DTT, 1 mM EDTA, 
and 250 μM TQ-6pNA. The reaction time was 3 h. 
Absorption intensities at 405 nm were detected at 0, 
1, 2, and 3 h. Incremental absorption intensity per unit 
time representing the enzyme initial velocity (v) of 
3CL protease was obtained by calculation. The initial 
concentration of drug screening was 100 μg/mL. Each 
sample was examined in triplicate, when the sample 
inhibition rate in initial screening was more than 50%, 
since this sample may be considered to have an effect on 
anti-SARS coronavirus 3C-like protease. The inhibition 
rate of the sample was tested again at doses of 100, 50, 
25, 12.5, 6.25, 3.12, and 1.56 μg/mL, and the IC50 value 
was calculated as described below.

2.4. Formula for the anti-SARS coronavirus 3C-like 
protease inhibition rate and IC50 of samples

The anti-SARS coronavirus 3C-like protease inhibition 
rate (% inhibition) of samples was calculated by the 
following formula:

                                  νDMSO - νSample
     % Inhibition =  —————— ×100%
                                       

νDMSO 

Figure 1. Flowchart for sample preparation.
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where νDMSO and νSample indicate the enzyme initial velocity 
of the DMSO group without the drug and the sample 
group, respectively.
 The IC50 value is the inhibition rate (% inhibition) 
with respect to the sample concentration (I), which was 
calculated by the following formula:

                                        100
     % Inhibition =  ——————— 
                                1 + 10 (Log IC50-X)×h  

 

where h indicates Hill coefficient. IC50 of samples with 
a rate of inhibition of anti-SARS coronavirus 3C-like 
protease greater than 50% were further determined.

3. Results

At 100 μg/mL, the rate of sample inhibition of anti-
SARS coronavirus 3C-like protease was 12% for Taxus 
celebica extracts, 13.5% for Radix Glycyrrhiza extracts, 
21.4% for Uvaria microcarpa and Java Brucea Fruit 
extracts, 0% for Rubus suavissimus S. Lee extracts, 
0% for Auricularia auricula (L.) Underw, 5.3% for 
Java Brucea Fruit, 32.1% for male silkworm moths 
extracts, 3.5% for leaf of Mangifera indica Linn, 25.7% 
for Rhizoma Cyrtomii Fortunei, 13.6% for Scutellaria 
baicalensis, 20.2% for Radix Sophorae flavescentis, and 
11.0% for Artesunate (data not shown). The inhibition 
rates of these samples on anti-SARS coronavirus 
3C-like protease were less than 50%. In contrast, 
the extracts of Rheum palmatum L. such as RH10, 
RH11, RH12, RH121, RH122, RH124, and RH125 
significantly inhibited SARS coronavirus 3C-like 
protease (Table 1). Among these extracts, RH121 has 
the highest level of activity.

4. Discussion

Aqueous extracts of Radix et Rhizoma Rhei (the root 
tubers of Rheum officinale Baill.) are reported to have 
significant anti-SARS coronavirus activity (3). They 
inhibited the interaction of SARS-CoV S protein and 
ACE2 in a dose-dependent manner. Their IC50 values 
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ranged from 1 to 10 μg/mL. Emodin significantly 
blocked the S protein and ACE2 interaction with an IC50 
of 200 μM. It also inhibited the infectivity of S protein-
pseudotyped retrovirus with respect to Vero E6 cells. 
In the cell-based system, Aloe emodin had anti-SARS 
coronavirus activity with an IC50 of 99.1 ± 2.1 μg/mL 
(366 μM). In a non-cell-based system, the IC50 was 35.7 
± 1.5 μg/mL (132 μM) (4). 3C-like protease is known to 
be the target of anti-SARS-CoV virus drugs and a key 
enzyme for SARS coronavirus replication. When activity 
of 3C-like protease is inhibited, SARS-CoV virus 
replication in the host cell will be also inhibited. In 36% 
of papers on anti-SARS coronavirus drugs, 3C-Like 
protease served as the target (6). RH121 extracted from 
Rheum palmatum L. was highly active with respect to 
the anti-SARS-CoV virus since its rate of inhibition of 
SARS-3CL protease was as high as 96% and since its 
IC50 was 13.76 ± 0.03 μg/mL (Table 1). The ethanol 
extract from Rhubarb showed no cytotoxicity at a dose 
of 20 mg/mL, indicating that it could be a great tool 
for antivirus drug screening. Rhubarb is abundant in 
China and has long been used as a traditional Chinese 
medicine due to the high incidence of viral diseases 
today (7). More research should be conducted to yield 
specific chemical anti-virus compounds from Rhubarb 
and develop antiviral drugs with high potency and low 
toxicity.
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Table 1. Inhibitory effect of extracts from R. palmatum L. 
(100 μg/mL) on SARS-3CL protease

IC50 (μg/mL)

38.09 ± 1.70
22.30 ± 1.26
59.33 ± 6.52
13.76 ± 0.03
34.01 ± 5.68
          –
52.43 ± 4.52
20.53 ± 3.20
  2.25 ± 0.24

a % inhibition for Chen312-5 was examined at 20 μg/mL.

Rate of SARS-3CL protease 
inhibition (% inhibition)

         98.12 ± 4.66
         87.67 ± 8.99
         72.17 ± 7.12
         96.20 ± 5.00
         69.60 ± 2.20
         32.80 ± 3.30
         84.30 ± 1.80
         115.0 ± 3.00
           88.3 ± 2.60a

Samples

RH10
RH11
RH12
RH121
RH122
RH123
RH124
RH125
Chen312-5
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Summary

 Brief Report

The aim of the present research was to analyze the epidemiological and clinical 
characteristics of the novel influenza A (H1N1) in China. We retrospectively analyzed 
the epidemiological information and clinical characteristics of 150 patients with the 
novel influenza A (H1N1) virus infection by descriptive epidemiology. There were 82 
males and 68 females in this group. The median age of the 150 patients was 34.4 years 
(range, 4 to 77 years). There were 145 imported cases among the patients and most of 
these cases came from Australia, America and Canada. The main symptoms included 
fever, cough and sore throat. Other symptoms included: expectoration, runny nose, 
throat itching, sniffles, dry pharynx, headache, muscular ache, etc. CD4+ T cell counts of 
48% of the patients were lower than normal. Computed tomography (CT) of the chest 
in 32 cases was abnormal, including: increased bronchovascular shadows, pneumonia, 
pleural thickening and pleurisy, etc. Oseltamivir was the first choice for treatment of A 
(H1N1) influenza and it was safe and well tolerated. The symptoms were minor and the 
prognosis was good. All patients recovered fully after treatment. Considering the fact 
that the flu is highly infectious and can be carried through human to human contact 
rapidly, local Centers for Disease Control and Prevention (CDC) should strengthen 
monitoring and take some measures in view of an influenza A (H1N1) onslaught.

Keywords: Influenza A (H1N1), epidemiology, clinical characteristics, oseltamivir

1. Introduction

The Influenza A (H1N1) outbreak recently is an acute 
respiratory infectious disease caused by a novel strain 
of influenza A (H1N1) virus. Fever, cough, sore 
throat, runny or stuffy nose, headache and diarrhea are 
among the most common clinical features observed 
in infected patients (1). Since influenza A (H1N1) 
was first found in the United States and Mexico in 
March 2009 (2), the epidemic has been spreading at 
an extremely high speed in the following 5 months. 
It has currently affected over 160 nations in the five 

continents. By August 13, 2009, the World Health 
Organization (WHO) has announced as many as 
182,166 confirmed cases and a death toll of 1,799 
with a mortality rate of 0.99% (3).
 In Mainland China, the Centers for Disease Control 
reported 2,861 cases of the flu and 2,513 cured cases 
without dead cases by August 19, 2009. Considering 
the fact that the flu is highly infectious and can be 
carried through human to human contact at a high 
speed, the Chinese Ministry of Health announced on 
April 30 that influenza A (H1N1) was a Category B 
contagious disease and that measures for dealing with 
a Category A contagious disease would be applied to 
prevent its spread according to Prevention and Control 
Law for infectious disease of People's Republic of 
China.
 In this study, we retrospectively analyzed the 
epidemiological information and clinical characteristics 
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of 150 confirmed cases received in Shanghai, China in 
order to enhance the understanding of this new type of 
influenza.

2. Materials and Methods

2.1. Case selection and definite diagnosis standards

The 150 cases of influenza A (H1N1) were from the 
Shanghai Public Health Clinical Center (SPHCC) 
between May 23 and July 5, 2009. Definitive diagnosis 
standards were signs of influenza-like illness including: 
fever, runny nose, sore throat, cough and headache. 
The diagnosis was also based on one or several of 
the following laboratory results: 1) novel influenza A 
(H1N1) viral RNA from nasopharyngeal specimens was 
confirmed positive (real-time RT-PCR and RT-PCR) 
and 2) H1N1 flu virus was separated.

2.2. Data collection and analysis

Relevant information from the 150 patients was 
collected, including: gender, age, medical history, 
exported countries, clinical manifestation, laboratory 
and imaging examinations, treatment and prognosis. 
The SPSS 12.0 statistical program was employed 
during data processing. The study was performed using 
descriptive epidemiology.

3. Results and Discussion

3.1. Epidemiological characters

Among the 150 patients, 82 and 68 were males and 
females (1:2), respectively. 22.7% were below 18 
years old, 111 were between 18-55 years old (74%), 5 
were over 55 years old (3.3%); the youngest was only 
4 years old, and the oldest 77 years old. The average 
age of the patients was 34.4 years old. One patient was 
once diagnosed with hyperthyroidism, 3 with peptic 
ulcers, 1 with lymphoma, 4 with hypertension, 3 with 
allergic rhinitis, 4 with asthma, and 1 pregnant. There 
were 145 imported cases among the patients, including 
88 from Australia, 18 from the United States, 14 from 
Canada, 12 from Britain, 4 from Hong Kong, 2 from 
Philippines, 2 from Singapore, 1 from Italy, 1 from 
Mexico, 1 from Thailand, 1 from France, and 1 from 
Indonesia. Five were second-generation influenza A 
(H1N1) cases in Mainland China after close contact 
with confirmed cases.

3.2. Clinical manifestation

Major clinical symptoms were listed as follows 
according to frequency (Table 1): fever (86%), cough 
(66%), sore throat (10%), expectoration (10%), runny 
nose (10%), throat itching (6%), snuffle (5%), dry 

pharynx (4%), headache (3%), muscular ache (2%), 
and physical signs were throat congestion (92%), 
swelling of tonsils (30%), and roughness of breath 
sounds (2%).

3.3. Laboratory and imaging examination

Routine blood tests in 130 cases showed normal or low 
leukocyte count (86.7%), percentage of neutrophils 
in 90 cases was higher than normal (60%), CD4+ 
T cell counts in 72 cases lower than normal (mean 
375.9 ± 170.4 cell/μL) (48%). CT of the chest in 32 
cases showed to be abnormal, including increased 
bronchovascular shadows, pneumonia,  pleural 
thickening, and pleurisy.

3.4. Treatment and prognosis

Of 150 patients infected with H1N1 virus, 140 of them 
were treated with oseltamivir. The adult dosage was 
75 mg twice a day for five days. The child dosage was 
determined by weight. Patients with severe illness were 
given double coptis oral liquid at the same time for 
antiviral therapy. Patients with both increased absolute 
neutrophil count (ANC) and white blood cell (WBC) 
in peripheral blood and CT diagnosis of pneumonia 
were given an add-on therapy of azithromycin at a 
dose of 0.5 g each day for three days. Patients with 
high fever were treated with ice-bags. Because of 
the side-effects caused by oseltamivir and the fact 
that her initial symptoms were shown more than 48 
h before the treatment, the pregnant patient, together 
with the other 9 patients with low fever, were given 
only double coptis oral liquid for antiviral therapy. 
Through antiviral therapy and symptomatic treatment, 
clinical manifestations in all patients disappeared and 
the results of diagnostic testing using nasopharyngeal 
swabs for H1N1 virus were all negative. All patients 
recovered fully and the course of disease was 5 to 11 
days.

Table 1. Clinical manifestation of 150 cases with infl uenza 
A (H1N1) virus infection

Percent (%)

      86
      66
      30
      10
      10
        6
        5
        4
        3
        2
      92
      30
        2

Cases number

        129
          99
          45
          15
          15
            9
            7
            6
            4
            3
        138
          45
            3

Symptoms/Signs

Fever
Cough
Sore throat
Expectoration
Runny nose
Throat itching
Snuffl e
Dry pharynx
Headache
Muscular ache
Throat congestion
Swelling of tonsils
Roughness in breath sound
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Human history has witnessed three major flu pandemics 
in 1918, 1957, and 1968. The 1918 pandemic killed at 
least 40 million people worldwide and pandemics in 
1957 and 1968 caused hundreds of thousands of deaths. 
The origin of the 1918 pandemic virus was poultry. 
Both the 1957 and 1968 pandemic strains were thought 
to have originated as reassortants in which one or both 
human-adapted viral surface proteins were replaced 
by proteins from avian influenza strains (4). H1N1 
flu is an acute respiratory infection caused by a new 
type of influenza virus which infects both humans and 
poultry. Recent study shows that the virus is a strain of 
influenza type A in the family orthomyxoviridae that 
contains gene fragments from avian, swine and human 
influenza viruses. Human beings are easily infected 
through interpersonal dissemination.
 According to the information from the 150 patients, 
the characteristics of the influenza can be summarized 
as follows. 1) The novel H1N1 virus preferentially 
infects healthy and younger people. Most of the 
patients are students and employees abroad. The target 
group contained 111 patients aged between 18 to 55 
years old (74%), and 90 patients without any special 
medical history, which is different from seasonal 
influenza infections in which the old and weak are 
easily infected. 2) Most of the cases were imported. 
The group contained 145 imported cases, among which 
85.4% of them are from the United States, Canada, and 
Australia. Only 5 second-generation A/H1N1 cases 
have been found in these patients. 3) There has been a 
surge in the number of cases. Since the first confirmed 
H1N1 case in Shanghai on May 23, 50 cases had an 
interval of 28 days; the 51st to 100th case an interval of 
8 days; 101st to 150th an interval of 6 days.
 The transmission of influenza A (H1N1) is 
mainly through the spread of aerosol or droplets from 
the respiratory secretions of infected individuals. 
Symptoms of influenza A (H1N1) are similar to the 
symptoms of regular influenza. According to the 
reports in recent literature, H1N1 virus may also 
result in abnormal appearance of nervous system, 
including hieronosus, altered mental status, abnormal 
electroencephalogram  and so on (5). The symptoms 
were arranged according to frequency as follows: 
cough, sore throat, expectoration, runny nose, pharynx 
itching, snuffle, dry pharynx, headache, muscular 
stiffness and so on. The physical signs are throat 
congestion, swelling of tonsil, roughness of breath 
sounds and so on. All of the cases show minor clinical 
presentation, without severe illness or deaths. It should 
be noted that clinical manifestation of imported H1N1 
flu cases in Mainland China mainly show minor 
symptoms, so there is no need for panic.
 86.7% of cases show normal or low WBC counts 
in peripheral blood, while 60% show higher ANC 
percentages, which is one of the features of the novel 
influenza A/H1N1 virus. CD4+ T cell counts of 48% of 
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the patients were lower than normal. This suggests that 
H1N1 virus is capable of inhibiting cellular immune 
function, which is probably related to the induction of 
excessive apoptosis of lymphocytes (6). The detailed 
mechanism requires further research.
 Research shows that neuraminidase (NA) inhibitors 
oseltamivir can effectively relieve clinical symptoms 
(7). Therefore, patients should be treated with 
oseltamivir as soon as possible after confirmation. 
However, oseltamivir resistance may develop during 
antiviral treatment among immunosuppressed patients. 
Therefore, it was very important to closely monitor 
those patients for antiviral drug resistance (8). The 
recommended dose for adults is 75 mg twice daily for 
five days. To be specific, for patients whose weights 
are less than 15 kg, the dose is 30 mg twice daily, for 
patients whose weights are between 15 to 23 kg, 45 
mg twice daily, between 23-40 kg, 60 mg twice daily, 
and more than 40 kg, 75 mg twice daily. The Chinese 
medicine double coptis oral liquid can also be adopted 
as an antiviral treatment. Patients with bacterial 
infections were given antibiotics. During treatment 
with oseltamivir for 140 patients of the group, no 
adverse reactions were observed. These results suggest 
that oseltamivir is safe and well tolerated.
 All patients were discharged from the hospital 
after anti-viral and symptomatic treatment with a good 
prognosis. However, it is worthwhile to note that the 
main target group of highly contagious H1N1 virus is 
healthy young and middle-aged persons. As the number 
of confirmed cases keeps increasing, fatality rates can 
possibly rise. The pandemic is more serious in nations 
where there are areas of poor hygiene. Meanwhile, it 
should also be pointed out that the flu virus is prone to 
gene rearrangement and strain variation with seasonal 
changes which may lead to more intensive invasiveness 
and pathogenicity. Thus, local centers for disease 
control and prevention should strengthen monitoring 
and take active measures to manage the influenza A/
H1N1 virus pandemic (9).
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Summary

Original Article

The insulin-like growth factor I receptor (IGF-IR) plays a critical role in cell proliferation 
and survival. We previously reported that a recombinant anti-IGF-IR antibody, scFv-Fc, 
consisting of 1H7 monoclonal antibody (mAb)-derived single chain antibody (scFv) and 
human IgG1 Fc, significantly suppressed breast tumor growth, and we proposed IGF-IR 
down-regulation as a mechanism for tumor growth inhibition (Horm Metab Res. 35:836, 
2003; Cancer Res. 63:627, 2003). This study used MCF-7 breast cancer cells to investigate 
the effects of anti-IGF-IR mAbs with various epitope specificities on IGF-IR down-
regulation and signaling pathways. Despite their differing effects on IGF-IR signaling, 
all five mAbs used down-regulated IGF-IR. Inhibitor experiments indicated that anti-
IGF-IR mAbs induced internalization of IGF-IR from clathrin coated-pits. Pretreatment 
of MCF-7 cells with methylamine substantially reduced the antibody-mediated IGF-IR 
down-regulation while MG115 did not. Ubiquitination of IGF-IR did not occur in MCF-7 
cells after mAb treatment. These results suggest that anti-IGF-IR antibodies with different 
epitope-specificities can cause internalization of IGF-IR from clathrin-coated pits and 
down-regulation via a lysosome-dependent pathway in an IGF-IR activation-independent 
manner.

Keywords: Receptor down-regulation, breast cancer, anti-IGF-I receptor antibodies, cancer therapy

1. Introduction

Insul in- l ike  growth fac tors  ( IGFs)  s t imula te 
proliferation, motility, and survival of cells (1). The 
type I IGF receptor (IGF-IR) mediates the effects of 
IGF-I and -II. After molecular cloning of human IGF-
IR in 1986 (2), the critical roles of IGF-IR signaling 
were definitively established with experimental 
systems by manipulating IGF-IR levels in cells and 
mice (3). Reports indicate that IGF-IR is elevated 
and thus plays a critical role in several different 
cancers including:  breast, prostate, and liver cancer, 
glioblastomas, and childhood malignancies (4,5). To 
suppress IGF-IR signaling, various IGF-IR inhibitors 

such as anti-sense DNA, siRNA, antibodies, and small 
molecular weight competitive or non-competitive 
inhibitors have been proposed (6). Of those, anti-
IGF-IR antibodies have been extensively studied as a 
seemingly logical strategy to inhibit IGF-IR signaling 
pathways in cancer (7-10). Also of note is a report 
that suggested an association between increased blood 
levels of IGF-I and increased risk of prostate cancer as 
well as other cancers (11,12). During the last decade 
IGF-IR signaling has been a subject of major interest 
in the arena of cancer research.

One of the authors previously reported the 
production of an anti-IGF-IR monoclonal antibody, 1H7 
(13), and of the first recombinant anti-IGF-IR antibody 
consisting of the 1H7 single chain antibody (scFv) and 
human IgG1 Fc domain (14). The scFv-Fc significantly 
suppressed breast tumor growth (14,15). IGF-IR down-
regulation was proposed as a possible mechanism 
for inhibition of breast tumor growth (15,16). Other 
laboratories and companies have actively participated 
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in research and produced anti-IGF-IR antibodies, most 
of which were also shown to down-regulate IGF-IR 
(17-20). At least 8 different anti-IGF-IR antibodies that 
were recently developed are being evaluated in clinical 
trials (21).

The details of IGF-IR down-regulation mechanisms 
by anti-IGF-IR antibodies are, however, not completely 
understood. The aim of this study was to determine 
mechanisms by which anti-IGF-IR antibodies with 
apparently distinct epitope specificities cause IGF-IR 
down-regulation. Effects of various anti-IGF-IR mAbs, 
1H7 (13), 2C8 (13), 3B7 (22), 24-57 (23), and αIR-3 (24) 
along with scFv-Fc (14), on IGF-IR down-regulation 
were thus studied using estrogen receptor-positive 
MCF-7 breast cancer cells.

2. Materials and Methods

2.1. Materials

IGF-I was purchased from GroPep (Adelaide, 
Australia). Anti-IGF-IR scFv-Fc was engineered 
and purified as described previously (14). Anti-IGF-
IR mAbs, 2C8 and 3B7, originally produced by the 
authors (13,22), as well as a polyclonal antibody against 
ubiquitin, 4PD1, were purchased from Santa Cruz 
Biotechnology, Inc. (Santa Cruz, CA, USA). Other 
anti-IGF-IR mAbs such as 24-57 produced by Soos et 
al. (23) and αIR-3 produced by Kull et al. (24) were 
from BioSource International, Inc (Camarillo, Canada) 
and Calbiochem (San Diego, CA, USA), respectively. 
Anti-phosphotyrosine antibody (PY-20) was from BD 
Transduction Laboratories (Lexington, KY, USA). 
Antibodies against 44/42 MAPK (phosphor-specific 
and total), Akt (phosphor-specific and total), and IGF-
IRβ were purchased from Cell Signaling (Beverly, MA, 
USA). Anti-IGF-IR β mAb (17A3) was kindly provided 
by Dr. Richard Roth of Stanford University. Anti-rabbit 
secondary antibody conjugated to alkaline phosphatase 
(AP) was from Amersham Biosciences (Piscataway, 
NJ, USA). Protein G-Sepharose was from BIO-RAD 
Laboratories (Hercules, CA, USA). 4',6-Diamino-
2-phenylindole (DAPI) was obtained from Dojindo 
(Kumamoto, Japan). Cell culture reagents were from 
Invitrogen/Life Technologies, Inc. (Rockville, MD, 
USA) unless otherwise stated. All other reagents and 
chemicals were purchased from Sigma (St. Louis, MO, 
USA).

2.2. Cell lines and culture

MCF-7 cells, obtained from Dr. Douglas Yee of the 
University of Minnesota Cancer Center (Minneapolis, 
MN), were routinely maintained in Improved MEM 
with Zinc Option (Richter's modification) in the 
presence of 5% fetal bovine serum (FBS), 11.25 nM 
human insulin (Sigma), 50 units/mL penicillin, and 

50 μg/mL streptomycin. R–/IGF-IR mouse fibroblasts 
(mouse 3T3-like cells derived from animals with a 
targeted disruption of the IGF-IR gene and transfected 
with the pECE expression vector containing the cDNA 
encoding human IGF-IR) were kindly provided by 
Dr. Giuseppe Pandini (University of Catania, Catania, 
Italy) and grown in DMEM supplemented with 10% 
FBS.

2.3. Treatment of cells with IGF-I or mAb 

MCF-7 cells were grown in 3.5-cm dishes in regular 
growth media. Confluent cells (70%) were washed twice 
with PBS and serum deprived for 24 h in regular growth 
media containing 0.5 mg/mL BSA instead of FBS 
(SFM). For treatment with IGF-I or various anti-IGF-IR 
mAbs, media were replaced with SFM containing 1 ng/
mL or 100 ng/mL of IGF-I, or 2.5~25 nM of each mAb 
for 5 min to 24 h as indicated in the figure legends. To 
determine the effects of various anti-IGF-IR mAbs on 
signaling pathways, cells were treated for 5 min with 
mAbs, whereas 24 h incubation was generally used to 
observe down-regulation by various anti-IGF-IR mAbs.

2.4. Down-regulation of IGF-IR in the presence or 
absence of inhibitors

To address which pathways are responsible for 
degradation of the internalized IGF-IR-mAb complexes, 
cells were pretreated with 30 μM MG115 (Calbiochem), 
a proteasome inhibitor, for 2 h, or with 40 mM 
methylamine, a lysomotropic agent, for 4 h before 
treatment with various anti-IGF-IR mAbs. MCF-7 cells 
were then treated  without (control), or with either IGF-I 
(1 or 100 ng/mL), 25 nM scFv-Fc, 2.5 nM 1H7, 5 nM 
2C8, 5 nM 3B7, 5 nM 24-57, or 5 nM αIR-3 for 24 h.
 To determine whether IGF-IR is internalized 
from clathrin-coated vesicles or caveola, MCF-7 cells 
were preincubated with 2 mM methyl β-cyclodextrin 
(Mβ), which causes disassembly of caveola-associated 
membrane microdomains as a result of cholesterol 
depletion (25), or 7.5 μM chlorpromazine (CP), an 
inhibitor of clathrin-dependent, receptor-mediated 
endocytosis (26), for 24 h. The cells were then treated 
without (control) or with either 25 nM scFv-Fc, 5 nM 
2C8, or 5 nM 3B7 for 4 h.

2.5. Cell lysis

Cellular proteins prepared as described above were 
washed three times with ice-cold PBS on ice and lysed 
with 50 μL of TNESV lysis buffer [50 mM Tris-HCl 
(pH 7.4) containing 1% NP40, 2 mM EDTA (pH 8.0), 
100 mM NaCl, 10 mM sodium orthovanadate, 1 mM 
phenylmethylsulfonyl fluoride, 20 μg/mL leupeptin, 
and 20 μg/mL aprotinin]. Lysates were clarified 
by centrifugation at 12,000 × g for 20 min at 4°C. 
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Solubilized cellular proteins were immediately used or 
stored at –20°C for experiments. Protein concentrations 
of the lysates were determined using a Bio-Rad protein 
assay reagent kit. Lysates (20 μg/lane) were subjected 
to reducing SDS-PAGE followed by immunoblotting 
with anti-IGF-IR β and anti-β-actin as described below.

2.6. Immunoblotting

Cellular fractions were resolved on SDS-polyacrylamide 
gradient gels (4-20%) and transferred onto Immobilon-P 
membranes. Nonspecific binding on the membranes was 
blocked with 5% skim milk in 100 mM Tris-buffered 
saline, pH 7.4, for 1 h at room temperature. The 
membranes were incubated with primary antibodies, 
and then respective proteins were detected using AP-
conjugated secondary antibodies and a Vector substrate 
kit (Vector Laboratories, Inc. Burlingame, CA, USA) as 
described (27). Primary antibodies used for intracellular 
signaling were phosphor(p)-IGF-IR, p-IRS-1/2, 
p-MAPK, p-AKT and total AKT whereas the anti-IGF-
IR β antibody was used for immunoblotting the IGF-IR.

2.7. Immunoprecipitations

One mg of total cellular proteins in 200 μL was first 
incubated with 4 μg of anti-IGF-IR β mAb (17A3) for 
2 h in an ice bath. Added to this were 25 μL of 50% 
Protein G-Sepharose, and the suspension was mixed 
in a rotator overnight at 4°C. Immune complexes were 
collected by centrifugation at 8,000 × g for 2 min. 
The immunoprecipitates were washed three times 
by suspending in 200 μL of TNESV followed by 
centrifugation. After the final wash, immunoprecipitates 
were suspended in 20 μL of 1× SDS-PAGE sample 
buffer containing 100 mM DTT, boiled for 5 min, and 
centrifuged. The supernatants were subjected to SDS-
PAGE followed by Western blotting with anti-ubiquitin 
or anti-IGF-IRβ subunit antibody.

2.8. Immunofluorescence microscopy

Approximately 1 × 104 MCF-7 cells were plated on 
4-well chamber slides (Nalge Nunc, Naperville, IL, 
USA) and grown for 24 h in regular growth media. 
Confluent cells (70%) were washed twice with PBS 
and serum-deprived for 24 h in SFM. For time-course 
experiments, cells were treated with either IGF-I 
(1 ng/mL) or 25 nM scFv-Fc for 30 or 120 min and 
then subjected to immunofluorescence-staining and 
microscopy. Alternatively, immunofluorescence-stained 
images of cells were prepared by preincubation with 
either methyl-cyclodextrin (2.5 mM) or chlorpromazine 
(7.5 μM) for 30 min and then treatment with scFv-
Fc (25 nM) for 4 h in the presence of the inhibitors. 
Cells were fixed, permeabilized, and subjected to 
immunofluorescence microscopy. Briefly, slides were 
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rinsed twice with Dulbecco's phosphate-buffered saline 
(DPBS) and fixed with ice-cold 4% paraformaldehyde 
in DPBS for 20 min. Cells were permeabilized with 
DPBS containing 0.25% Triton X-100 for 2 min and 
washed with DPBS containing 1% BSA. Subsequently, 
slides were subjected to standard immunofluorescence 
protocols using rabbit anti-IGF-IRβ antibody, followed 
by fluorescein isothiocyanate (FITC)-conjugated anti-
rabbit antibody (Invitrogen, Carlsbad, CA, USA). 
Images were obtained using a Zeiss Axiovert 200M 
microscope (Carl Zeiss Inc., Oberkochen, Germany).

3. Results

3.1. Characterization of intracellular signaling induced 
by IGF-I or various anti-IGF-IR antibodies

Cellular proteins prepared from MCF-7 cells that 
had been treated with IGF-I or antibodies for 5 min 
were immunoblotted for phosphorylated (p)-IGF-IR, 
p-IRS-1/2, p-MAPK, p-AKT and Akt. A representative 
experiment from three independent experiments is 
shown in Figure 1. Anti-IGF-IR antibodies used were 
mAbs except for scFv-Fc, which is a recombinant 
Ab consisting of 1H7 scFv and human IgG1 Fc (14). 
Characteristics of these antibodies with regard to their 
epitopes and effects on IGF-I binding are summarized 
in Table 1. Compared to the control (Figure 1, lane 1), 
addition of IGF-I, scFv-Fc, 1H7 or 2C8 to MCF-7 cells 
stimulated phosphorylation of IGF-IR, IRS-1/2 and 
MAPK within 5 min (lanes 2-5, respectively). In contrast, 
3B7, 24-57 or αIR3 hardly stimulated phosphorylation 
of IGF-IR, IRS-1/2 or MAPK (lanes 6-8, respectively). 
IGF-I and scFv-Fc also significantly stimulated Akt 
phosphorylation. The effects of IGF-IR mAbs on 
intracellular signaling are summarized in Table 1.

Figure 1. Comparison of intracellular signaling in MCF-7 cells 
after administration of various anti-IGF-IR antibodies. MCF-7 
cells were grown in 3.5 cm dishes in regular growth media. Confl uent 
cells (70%) were washed twice with PBS and serum deprived for 24 
h in SFM. Cells were either untreated (lane 1) or treated with IGF-I 
at 100 ng/mL (lane 2) or antibodies; 25 nM scFv-Fc (lane 3), 2.5 nM 
1H7 (lane 4), 5 nM 2C8 (lane 5), 5 nM 2B7 (lane 6), 5 nM 24-57 (lane 
7), 5 nM αIR-3 (lane 8), for 5 min. Cellular proteins were prepared 
for Western blotting with phosphor(p)-IGF-IR, p-IRS-1/2, p-MAPK, 
p-AKT and total AKT as described in the Methods. All experiments 
shown were repeated three times with similar results.
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3.2. Anti-IGF-IR antibody-induced IGF-IR down-
regulation in MCF-7 cells

MCF-7 cells, treated with either SFM (control) or SFM 
containing IGF-I, scFv-Fc, 1H7, 2C8, 3B7, 24-57, or 
αIR-3 for 24 h, were solubilized with TNESV lysis 
buffer.  Lysates (20 μg/lane) were subjected to reducing 
SDS-PAGE followed by Western blotting with anti-
IGF-IR β subunit or anti-β actin (Figure 2A). The 
amount of the IGF-IR β subunit was quantitated and 
then normalized against β actin (Figure 2B). The results 
clearly indicated that, with the exception of the ligand 
IGF-I, all of the anti-IGF-IR antibodies used induced 
down-regulation of IGF-IR in MCF-7 cells. Down-
regulation is obviously caused by internalization of 
IGF-IR from the plasma membrane into endosomes 
followed by eventual degradation of IGF-IR. Treatment 
of MCF-7 cells with IGF-I did not change the amount 
of the β subunit on the Western blot, suggesting that 
IGF-I-bound receptors must be recycled back to the 
membrane as intact IGF-IR instead of moving to 
degradation pathways.
 IGF-IR recycling after its binding to the ligand was 
confirmed by immunofluorescence-staining of IGF-
IR β subunit in the cells (Figure 3). Before the addition 

of IGF-I or the antibody, IGF-IR was seen on the cell 
membrane (Figure 3A), which became diffuse after 
30 min of treatment with either IGF-I (Figure 3B1) 
or scFv-Fc (Figure 3C1). After 120 min of treatment, 
however, the cell surface intensity clearly increased for 
the ligand (Figure 3B2) while the diffuse staining was 
still observed with the scFv-Fc-treated cells (Figure 
3C2), indicating that the immunoreactive β subunit 
epitopes that were most likely to be partially degraded 
remained inside cells in the latter case.

3.3. Internalization of IGF-IR from clathrin-coated 
vesicles

To determine whether IGF-IR is internalized from 
clathrin-coated vesicles or caveolae of the plasma 
membrane, IGF-IR down-regulation by scFv-Fc was 
measured after MCF-7 cells were preincubated with 
or without respective inhibitors followed by Western 
blotting analyses. As shown in Figure 4A, the amount 
of an intact IGF-IR β subunit did not change after 
preincubation with methyl β-cyclodextrin (Mβ) (lane 
2) or chlorpromazine (CP) (lane 3). When treated with 
scFv-Fc, 2C8, or 3B7, IGF-IR β subunit was down-
regulated as evidenced by reduced levels of the IGF-
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Table 1.  Summary of characteristics of anti-IGF-ІR mAbs used in this study

mAb

1H7
1H7 scFv-Fc
24-57
αIR-3
3B7
2C8

Effect on IGF-IR  signaling
(This study)

Stimulation
Stimulation
No effect
No effect
No effect
Stimulation

Effect on IGF-Ι-binding

Inhibition (13)
ND
Inhibition (23)
Inhibition (24)
Stimulation (22)
No effect (13)

Epitope mapping on the
α subunit of IGF-ІR

440-514 (29)a

440-514 (29)a

440-514 (30)a

223-274 (31)
62-184 (29)
ND

ND: Not determined; a Although 1H7 and 24-57 binding to the α subunit were competitive and the 440-514 domain was thus assigned as the 
epitope for both mAbs (29), this study suggested that their epitopes must differ (see Discussion).

Figure 2. Anti-IGF-IR antibody induced IGF-IR 
down-regulation in MCF-7 cells. MCF-7 cells were 
either untreated (lane 1) or treated with IGF-I (1 ng/
mL, lane 2; 100 ng/mL, lane 3), 25 nM scFv-Fc (lane 
4), 2.5 nM 1H7 (lane 5), 5 nM 2C8 (lane 6), 5 nM 
3B7 (lane 7), 5 nM 24-57 (lane 8), or 5 nM αIR-3 
(lane 9) for 24 h and solubilized with the TNESV 
lysis buffer as described in the Methods. Lysates 
(20 μg/lane) were subjected to reducing SDS-PAGE 
followed by immunoblotting with anti-IGF-IRβ and 
β-actin (A). In B, anti-IGF-IR β bands corresponding 
to lanes 1~9 in A were quantitated.
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IR β subunit (lane 4, 7, or 10, respectively). This 
IGF-IR down-regulation induced by scFv-Fc, 2C8, 
or 3B7 was not affected by preincubation with Mβ 
(lane 5, 8, or 11, respectively). Antibody-induced 
IGF-IR down-regulation was, however, prevented 
when MCF-7 cells were preincubated with CP 
(lane 6, 9, or 12, respectively). To visualize IGF-IR 
distribution in MCF-7 cells after antibody treatment, 
immunofluorescent microscopy was carried out with 
the scFv-Fc treatment set (equivalent to lanes 4, 5, and 
6 in Figure 4A) and no antibody control (equivalent 
to lane 1 in Figure 4A). Internalization of scFv-Fc and 
IGF-IR complexes is clearly observed as fluorescence-
labeled IGF-IR dispersed in cytosol (Figure 4B2). 
Preincubation with Mβ did not affect internalization 
and eventual degradation of scFv-Fc and IGF-IR 
complexes (Figure 4B3). In contrast, cytosolic staining 
was markedly reduced by 30 min of preincubation with 
a relatively low dosage (7.5 μM) of CP (Figure 4B4). 
These results suggested that IGF-IR is internalized via 

clathrin-coated vesicles of the plasma membrane after 
binding with anti-IGF-IR antibodies.

3.4. Degradation of IGF-IR

The disappearance of the intact IGF-IR β subunit after 
antibody treatment as detected by Western blotting 
indicates that the receptor was readily degraded once 
it was internalized. Earlier work showed that the 
lysosomal degradation pathway was responsible for 
this process (16-18). Previous findings with scFv-Fc 
were confirmed by the inhibitor experiments shown 
in Figures 5A and B (Western blot and quantitation of 
the IGF-IR β subunit, respectively), which show that 
treatment with methyl amine (MA: lysosomal pathway 
inhibitor) inhibited IGF-IR down-regulation whereas 
MG115 (proteasomal pathway inhibitor) did not have 
much of an effect on the antibody-induced IGF-IR 
down-regulation in MCF-7 cells.
 Next examined was whether IGF-I or scFv-Fc 
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Figure 3. Internalization of IGF-IR in MCF-7 cells 
as observed by immunofluorescence microscopy. 
Immunofluorescence-stained images of MCF-7 cells 
were taken before (A) and after treatment with IGF-I 
(1 ng/mL) for 30 min (B-1) and 120 min (B-2) or 25 
nM scFv-Fc for 30 min (C-1) and 120 min (C-2) as 
described in the Methods, Nuclei were stained with 
DAPI.

Figure 4. Internalization of IGF-IR from 
clathrin-coated vesicles.  In A ,  MCF-7 
cells preincubated with 2 mM methyl-beta-
cyclodextrin (Mβ) or 7.5 μM chlorpromazine 
(CP) were treated without antibodies (control) 
or with either 25 nM scFv-Fc, 5 nM 2C8, 
or 5 nM 3B7 for 4 h. Cellular proteins were 
prepared from MCF-7 cells treated with scFv-
Fc, 2C8, or 3B7 in the absence (lanes 1, 4, 7, 
and 10) or presence of Mβ (lanes 2, 5, 8, and 
11) or CP (lanes 3, 6, 9, and 12), followed by 
Western blotting with IGF-IRβ. In B, shown 
are immunofluorescence images of MCF-7 
cells after scFv-Fc treatment in the absence or 
presence of inhibitors prepared as described in 
the Methods. Images 2, 3, and 4 are equivalent 
to lanes 4, 5, and 6, respectively, whereas image 
1 is the control with no antibody (equivalent to 
lane 1 in A).
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treatment resulted in ubiquitination of IGF-IR in 
MCF-7 cells since IGF-I had been known to induce 
ubiquitination of IGF-IR in mouse embryo fibroblasts 
overexpressing Grb10 and IGF-IR (p6/Grb10) (28). The 
results shown in Figure 6 clearly indicate that while 
both IGF-I and scFv-Fc induced ubiquitination of IGF-
IR in fibroblasts overexpressing IGF-IR, so-called R– 
(IGF-IR) cells, neither of them induced ubiquitination 
of IGF-IR in MCF-7 cells. This result is consistent 
with the notion that IGF-IR degradation takes place 
in lysosomes but not in proteasomes in MCF-7 
cells. Down-regulation of IGF-IR in MCF-7 cells is 
thus likely to be the result of IGF-IR-Ab complexes 
internalized in endosomes readily moving to lysosomes 
where both IGF-IR and Ab are digested into small 
peptides.

4. Discussion

The aim of this study was to determine whether or 
not anti-IGF-IR antibodies, with apparently distinct 
epitope specificities as summarized in Table 1, cause 
IGF-IR down-regulation, and if so, to determine 
the mechanisms by which these antibodies lead to 
internalization and degradation of IGF-IR. Effects of 
various anti-IGF-IR mAbs, 1H7, 2C8, 3B7, 24-57, and 
αIR-3 along with scFv-Fc, on IGF-IR down-regulation 
were studied using MCF-7 breast cancer cells in which 
down-regulation of IGF-IR by scFv-Fc has been 
previously demonstrated in vitro and in vivo (15,16). 
This study not only confirmed the previous finding that 
IGF-IR was down-regulated by scFv-Fc via lysosomal 
pathways (16) but also further determined IGF-IR 

internalization/degradation pathways by various anti-
IGF-IR mAbs in MCF-7 cells.
 As far as the effects of antibodies on IGF-IR 
signaling are concerned, scFv-Fc, 1H7, and 2C8 were 
agonistic. Although both scFv-Fc and 1H7 should have 
the same specificity since scFv-Fc is prepared from 
1H7-producing hybridomas, the former had more of an 
effect on phosphorylation of IGF-IRβ, IRS-1/2, MAPK, 
and Akt than the latter. This may be due to the use of 
concentrations of scFv-Fc that were 10-times higher 
than those of 1H7, based on the result that scFv-Fc had 
an affinity constant one-order lower than that of 1H7 
(14). Nonetheless, the agonistic nature of 1H7 and 2C8 
agrees with a previous report by the authors indicating 
that 1H7 and 2C8 stimulate autophosphorylation of 
IGF-IR (13). An interesting point is that 24-57 had little 
effect on IGF-IR signaling, unlike 1H7. IH7 binding 
to IGF-IR was competitively inhibited by 24-57 (29), 
which has an epitope assigned to the 440-514 domain 
of the α subunit (30). This result thus strongly suggests 
that they do not have the same epitope specificity.
 It is clear that in MCF-7 cells, anti-IGF-IR antibody 
binding to the IGF-IR facilitated degradation of IGF-
IR while IGF-I binding did not induce such receptor 
degradation. After internalization, IGF-IR can be either 
recycled back to the plasma membrane or processed 
for degradation into small pieces that can no longer be 
recognized as an intact β subunit by immunoblotting 
with anti-IGF-IRβ. The internalized and degraded β 
subunit pieces can still be seen by immunostaining 
of the cells after anti-IGF-IR antibody treatment. 
Use of various inhibitors demonstrated that the IGF-
IR/antibody complex is internalized from clathrin-
coated pits and degraded in lysosomes. Furthermore, 
the present study showed that ubiquitination of IGF-
IR did not occur in MCF-7 cells. This result supports 
that lysosomal pathways play a major role in IGF-
IR degradation in MCF-7 cells. In control fibroblasts 
overexpressing IGF-IR, ubiquitination of the receptor 
did occur, suggesting that unlike MCF-7 cells, 
ubiquitination obviously plays an important role in 
those fibroblast cells (28,32). After this manuscript 
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Figure 5. Potential pathways for IGF-IR down-regulation. MCF-7 
cells were pretreated with 30 μM MG115 (MG) for 2 h, or with 40 
mM methylamine (MA) for 4 h before treatment with various anti-
IGF-IR mAbs as described in the Methods. MCF-7 cells were then 
treated without (lanes 1, 2, and 3) or with 25 nM scFv-Fc for 24 h. 
Cellular proteins were prepared for immunoblotting with anti-IGF-
IRβ (A). In B, anti-IGF-IRβ bands corresponding to lanes 1~6 in A 
were quantitated.
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Figure 6. Ubiquitination of IGF-IR by anti-IGF-IR antibody. Both 
MCF-7 and R¯(IGF-IR) cells were treated without (Cont) or with 
100 ng/mL IGF-I or 25 nM scFv-Fc for 15 min. Proteasome inhibitor 
MG115 (30 μM) was added to culture media. After 6 h of incubation, 
cell lysates were prepared and subjected to immunoprecipitation 
by ant i - IGF-IRβ  (17A3) ant ibody.  Equal  amounts  of  the 
immunoprecipitates were analyzed using SDS-PAGE followed by 
immunoblotting with anti-ubiquitin (upper panel) or anti-IGF-IRβ 
subunit antibody (lower panel).
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was submitted, however, an article similar to ours was 
published (33).  While we compared effects of several 
different mAbs on cell signaling and down-regulation 
of IGF-IR, Broussas et al. (33) reported that an anti-
IGF-IR mAb, h7C10, caused down-regulation of IGF-
IR in MCF-7 cells, during which α and β subunits were 
degraded using different routes. They showed that 
ubiquitination of the β subunit occurred when treating 
with both IGF-I and h7C10, which is contrary to our 
results described above. Further studies are required to 
solve this discrepancy.
 Internalization and recycling of IGF-IR in relation 
to sustained Akt activation was recently reported (34), 
in which IGF-IR was shown to be internalized within 
30 min and recycled back to the plasma membrane after 
120 min of IGF-I treatment. This time course agrees 
with the current findings from immunofluorescence 
microscopy (Figures 3A, B1, and B2). After 120 
min, IGF-I treated cells showed IGF-IR on the cell 
membrane, suggesting recycling of IGF-IR. In contrast, 
intracellular distribution of IGF-IR was still observed 
when cells were treated with scFv-Fc for 120 min. 
Based on the time-course of IGF-IR degradation in 
MCF-7 cells after treatment with scFv-Fc, less than 
10% of the intact β subunit was observed on Western 
blots after 2 h (16). Thus, intracellular staining of IGF-
IR is mostly due to binding of anti-IGF-IR β subunit 
antibody to the partially degraded β subunit.
 With respect to internalization of IGF-IR stimulated 
by IGF-I, Sehat et al. reported involvement of E3 
ubiquitin ligases such as c-Cbl and Mdm2, which 
mediate IGF-IR ubiquitination in osteosarcoma 
cells and HEK293 cells (35).  Mdm2-mediated 
ubiquitination occurred when cells were stimulated 
at a low concentration of IGF-I (5 ng/mL) whereas 
ubiquitination by c-Cbl requires a high concentration 
(50-100 ng/mL). Mdm2-ubiqutinated IGF-IR was 
internalized via the clathrin endocytic pathway whereas 
c-Cbl-ubiquitinated receptors were endocytosed via the 
caveolin/lipid raft route. Unlike in the aforementioned 
cells, IGF-IR ubiquitination did not occur in MCF-7 
cells, so IGF-IR internalization and recycling take place. 
Whether or not sustained Akt activation is required 
for IGF-IR recycling in MCF-7 cells, which has been 
proposed by studies using glial progenitor cells (34), is 
obviously the next question to be answered.
 In conclusion, more studies like this and others 
(33) are required to understand mechanisms of action 
by therapeutic anti-IGF-IR mAbs because at least 
8 different anti-IGF-IR antibodies are now being 
evaluated in clinical trials (21).

Acknowledgements

This work was supported by a grant from Japan Society 
for the Promotion of Science, and in part by a grant 
from the JST CREST program. We thank Drs. Yee, 

Roth, and Pandini for providing us with MCF-7 cells, 
17A3 mAb, and R–(IGF-IR) cells, respectively.

References

1. Valentinis B, Baserga R. IGF-I receptor signalling in 
transformation and differentiation. Mol Pathol. 2001; 
54:133-137.

2. Ullrich A, Gray A, Tam AW, Yang-Feng T, Tsubokawa 
M, Collins C, Henzel W, LeBon T, Kathuria S, Chen E, 
Jacobs S, Francke U, Ramachandran J, Fujita-Yamaguchi 
Y. Insulin like growth factor I receptor primary structure: 
Comparison with insulin receptor suggests structural 
determinants define functional specificity. EMBO J. 
1986; 5:2503-2512.

3. Samani AA, Yakar S, LeRoith D, Brodt P. The role 
of the IGF system in cancer growth and metastasis: 
overview and recent insights. Endocr Rev. 2007; 
28:20-47.

4. Larsson O, Girnita A, Girnita L. Role of insulin-like 
growth factor 1 receptor signalling in cancer. Br J 
Cancer. 2005; 92:2097-2101.

5. Kurmasheva RT, Houghton PJ. IGF-I mediated survival 
pathways in normal and malignant cells. Biochim 
Biophys Acta. 2006; 66:1-22.

6. LeRoith D, Helman L. The new kid on the block(ade) of 
the IGF-1 receptor. Cancer Cell. 2004; 5:201-202.

7. Bohula EA, Playford MP, Macaulay VM. Targeting the 
type 1 insulin-like growth factor receptor as anti-cancer 
treatment. Anticancer Drugs. 2003; 14:669-682.

8. Sachdev D, Yee D. Disrupting insulin-like growth factor 
signaling as a potential cancer therapy. Mol Cancer Ther. 
2007; 6:1-12.

9. Feng Y, Dimitrov DS. Monoclonal antibodies against 
components of the IGF system for cancer treatment. Curr 
Opin Drug Discov Devel. 2008; 11:178-185.

10. Ryan PD, Goss PE. The emerging role of the insulin-like 
growth factor pathway as a therapeutic target in cancer. 
Oncologist. 2008; 13:16-24.

11. Chan JM, Stampfer MJ, Giovannucci E, Gann PH, 
Ma J, Wilkinson P, Hennekens CH, Pollak M. Plasma 
insulin-like growth factor-I and prostate cancer risk: a 
prospective study. Science. 1988; 279:563-566.

12. Renehan AG, Zwahlen M, Minder C, O'Dwyer ST, 
Shalet SM, Egger M. Insulin-like growth factor (IGF)-I, 
IGF binding protein-3, and cancer risk: systematic 
review and meta-regression analysis. Lancet. 2004; 
363:1346-1353.

13. Li SL, Kato J, Paz IB, Kasuya J, Fujita-Yamaguchi 
Y. Two new monoclonal antibodies against the alpha 
subunit of the human insulin-like growth factor-I 
receptor. Biochem Biophys Res Commun. 1993; 
196:92-98.

14. Li SL, Liang SJ, Guo N, Wu AM, Fujita-Yamaguchi 
Y. Single chain antibodies against human insulin-like 
growth factor-I receptor: Expression, purification, and 
effect on tumor growth. Cancer Immunol Immunother. 
2000; 49:243-252.

15. Ye JJ, Liang SJ, Guo N, Li SL, Wu AM, Giannini S, 
Sachdev D, Yee D, Brünner N, Ikle D, Fujita-Yamaguchi 
Y. Combined effects of tamoxifen and a chimeric 
humanized single chain antibody against the type I IGF 
receptor on breast tumor in vivo. Horm Metab Res. 2003; 
35:836-842.



www.biosciencetrends.com

BioScience Trends. 2009; 3(4):131-138.138

16. Sachdev S, Li SL, Hartell JS, Fujita-Yamaguchi Y, 
Miller JS, Yee D. A chimeric humanized single chain 
antibody against the type I insulin-like growth factor 
receptor renders breast cancer cells refractory to the 
mitogenic effects of insulin-like growth factor-I. Cancer 
Res. 2003; 63:627-635.

17. Hailey J, Maxwell E, Koukouras K, Bishop WR, Pachter 
JA, Wang Y. Neutralizing anti-insulin-like growth factor 
receptor 1 antibodies inhibit receptor function and induce 
receptor degradation in tumor cells. Mol Cancer Ther. 
2002; 1:1349-1353.

18. Jackson-Booth PG, Terry C, Lackey B, Lopaczynska M, 
Nissley P. Inhibition of the biologic response to insulin-
like growth factor I in MCF-7 breast cancer cells by 
a new monoclonal antibody to the insulin-like growth 
factor-I receptor. The importance of receptor down-
regulation. Horm Metab Res. 2003; 35:850-856.

19. Burt rum D, Zhu Z, Lu D, et al . A ful ly human 
monoclonal antibody to the insulin-like growth factor 
I receptor blocks ligand-dependent signaling and 
inhibits human tumor growth in vivo. Cancer Res. 2003; 
63:8912-8921.

20. Wang Y, Hailey J, Williams D, et al. Inhibition of 
insulin-like growth factor-I receptor (IGF-IR) signaling 
and tumor cell growth by a fully human neutralizing anti-
IGF-IR antibody. Mol Cancer Ther. 2005; 4:1214-1221.

21. Rodon J, DeSantos V, Ferry RJ Jr, Kurzrock R. Early 
drug development of inhibitors of the insulin-like growth 
factor-I receptor pathway: lessons from the first clinical 
trials. Mol Cancer Ther. 2008; 7:2575-2588.

22. Xiong L, Kasuya J, Li SL, Kato J, Fujita-Yamaguchi 
Y. Growth-stimulatory monoclonal antibodies against 
human insulin-like growth factor I receptor. Proc Natl 
Acad Sci U S A. 1992; 89:5356-5360.

23. Soos MA, Field CE, Lammers R, Ullrich A, Zhang 
B, Roth RA, Andersen AS, Kjeldsen T, Siddle K. A 
panel of monoclonal antibodies for the type I insulin-
like growth factor receptor. Epitope mapping, effects 
on ligand binding, and biological activity. J Biol Chem. 
1992; 267:12955-12963.

24. Kull FC Jr, Jacobs S, Su YF, Svoboda ME, Van Wyk 
JJ, Cuatrecasas P. Monoclonal antibodies to receptors 
for insulin and somatomedin-C. J Biol Chem. 1983; 
258:6561-6566.

25. Ilangumaran S, Hoessli DC. Effects of cholesterol 
deple t ion by cyclodextr in on the sphingol ip id 
microdomains of the plasma membrane. Biochem J. 
1998; 335:433-440.

26. Orlandi PA, Fishman PH. Filipin-dependent inhibition 
of cholera toxin: evidence for toxin internalization and 

activation through caveolae-like domains. J Cell Biol. 
1998; 141:905-915.

27. Ya j ima Y, Sa to M, Sumida M, Kawash ima S . 
Mechanism of adult primitive mesenchymal ST-13 
preadipocyte differentiation. Endocrinology. 2003; 
144:2559-2565.

28. Vecchione A, Marchese A, Henry P, Rotin D, Morrione 
A. The Grb10/Nedd4 complex regulates ligand-induced 
ubiquitination and stability of the insulin-like growth 
factor I receptor. Mol Cell Biol. 2003; 23:3363-3372.

29. Kusada Y, Morizono T, Matsumoto-Takasaki A, Sakai K, 
Sato S, Asanuma H, Takayanagi A, Fujita-Yamaguchi 
Y. Construction and characterization of single-chain 
antibodies against human insulin-like growth factor-I 
receptor from hybridomas producing 1H7 or 3B7 
monoclonal antibody. J Biochem (Tokyo). 2008; 
143:9-19.

30. Schumacher R, Soos MA, Schlessinger J, Brandenburg 
D, Siddle K, Ullrich A. Signaling-competent receptor 
chimeras allow mapping of major insulin receptor 
binding domain determinants. J Biol Chem. 1993; 
268:1087-1094.

31. Gustafson TA, Rutter WJ. The cysteine-rich domains of 
the insulin and insulin-like growth factor I receptors are 
primary determinants of hormone binding specificity. 
Evidence from receptor chimeras. J Biol Chem. 1990; 
265:18663-18667.

32. Monami G, Miliozzi V, Morrione A. Grb10/Nedd4-
mediated multiubiquitination of the insulin-like growth 
factor receptor regulates receptor internalization. J Cell 
Physiol. 2008; 216:426-437.

33. Broussas M, Dupont J, Gonzalez A, Blaecke A, Fournier 
M, Corvaira N, Goetsch L. Molecular mechanisms 
involved in activity of h7C10, a humanized monoclonal 
antibody, to IGF-1 receptor. Int J Cancer. 2009; 
124:2281-2293.

34. Romanelli RJ, LeBeau AP, Fulmer CG, Lazzarino 
DA, Hochberg A, Wood TL. Insulin-like growth factor 
type-I receptor internalization and recycling mediate the 
sustained phosphorylation of Akt. J Biol Chem. 2007; 
282:22513-22524.

35. Sehat B, Anderson S, Girnita L, Larsson O. Identification 
of c-Cbl as a new ligase for insulin-like growth factor-I 
receptor with distinct roles from Mdm2 in receptor 
ubiquitination and endocytosis. Cancer Res. 2008; 
68:5667-5677.

 (Received June 8, 2009; Revised July 27, 2009; Accepted 
August 10, 2009)



www.biosciencetrends.com                                                                                                       

BioScience Trends. 2009; 3(4):139-143.

*Address correspondence to: 
Dr. Akinori Okumura, Department of Integrated 
Sciences in Physics and Biology, College of Humanities 
and Sciences, Nihon University, 3-25-40 Sakurajosui, 
Setagaya-ku, Tokyo 156-8550, Japan.
e-mail: okumura@phys.chs.nihon-u.ac.jp

Identification and assignment of three disulfide bonds in 
mammalian leukocyte cell-derived chemotaxin 2 by matrix-assisted 
laser desorption/ionization time-of-flight mass spectrometry

Akinori Okumura1,2,*, Takehiro Suzuki3,4, Naoshi Dohmae3,4, Tomoya Okabe2, Yuki Hashimoto2, 
Katsuyoshi Nakazato1, Hideaki Ohno2, Yoshitsugu Miyazaki2, Satoshi Yamagoe2

1 Department of Integrated Sciences in Physics and Biology, College of Humanities and Sciences, Nihon University, Tokyo, Japan;
2 Department of Bioactive Molecules, National Institute of Infectious Diseases, Tokyo, Japan;
3 Biomolecular Characterization Team, RIKEN, Saitama, Japan;
4 CREST, JST, Saitama, Japan.

139

Summary

Original Article

Mammalian leukocyte cell-derived chemotaxin 2 (LECT2) contains six evolutionarily 
conserved cysteine residues. To date, however, the presence of disulfide linkages between 
these residues has not been determined. To search for disulfide bonds, the protein was 
proteolitically digested and the resulting peptides were analyzed by matrix-assisted laser 
desorption/ionization-time of flight mass spectrometry. The analysis showed that murine 
and human LECT2 have three intramolecular disulfide bonds (Cys25-Cys60; Cys36-
Cys41; Cys99-Cys142) and no free cysteine residues.

Keywords: Leukocyte cell-derived chemotaxin 2, disulfide bonds, MALDI-TOF mass 
spectrometry, trypsin, Asp-N

1. Introduction

Leukocyte cell-derived chemotaxin 2 (LECT2) was 
originally named for its possible neutrophil chemotactic 
activity in vitro (1). Since the first identification of 
LECT2 in mammals, homologous genes have been 
identified in many vertebrates, including agnathans, 
teleosts, amphibians, crocodilians, and avians (Figure 
1). LECT2 seems to be widely conserved in vertebrates. 
In avians, myb-induced myeloid protein-1 (Mim-1) 
consists of two imperfect repeats that are each 
homologous to LECT2 (1).
 Mur ine  and  human  LECT2 a re  expressed 
preferentially in the liver in a constitutive manner, 
and are secreted into the bloodstream (2). To elucidate 
the role of mammalian LECT2 in vivo, we generated 

LECT2 knockout mice and found that LECT2 plays 
an important role in pathological changes associated 
with hepatic injury and inflammatory arthritis (3,4). 
Other researchers reported that LECT2 could function 
as a growth-stimulating factor for chondrocytes 
and osteoblasts (5,6), as a Wnt signaling repressor 
(7), and as a renal amyloid protein (8). Overall, 
the accumulating evidence suggests that LECT2 
is a pleiotropic protein, as are many cytokines. 
Characterization of this protein may provide insights of 
value for the therapeutic treatment of LECT2-related 
diseases, such as rheumatoid arthritis.
 Murine and human LECT2 are both comprised 
of 151 amino acids that contain a signal peptide. 
The mature protein consists of 133 amino acids that 
include six completely conserved cysteine residues in 
all reported mammals (Figure 1). Interestingly, the six 
cysteine residues are present only in cyprinid fish and 
catfish; most teleost fish species lack the second and 
third cysteine residues of mammalian LECT2. To date, 
the assignment of disulfide linkages in LECT2 has not 
been reported.
 In this study, we have determined the disulfide 
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linkages in murine and human LECT2 using in-gel 
protease digestion and matrix assisted laser desorption/
ionizat ion-t ime of  f l ight  (MALDI-TOF) mass 
spectrometry.

2. Materials and Methods

2.1. Purification of murine and human LECT2

Recombinant murine LECT2 (GenBank accession 
number: BAA33383) and human LECT2 (BAA23609), 
produced by transfection of Chinese hamster ovary 
cells, were purified by the same procedures as described 
previously (9).

2.2. Mass spectrometry

To investigate whether murine and human LECT2 have 
free cysteine residues, the purified proteins were treated 
with 1 mM sodium iodoacetate in the dark at room 
temperature for 30 min. They were then dialyzed against 
50 mM NaH2PO4-NaOH (pH 7.4) and analyzed with an 
ultraflex MALDI-TOF/TOF mass spectrometer (Bruker 
Daltonics). To identify the arrangement of disulfide 
bonds in murine recombinant LECT2, the protein was 
partially purified by CM-sepharose chromatography 
and separated by SDS-PAGE under non-reducing 
conditions. A gel slice containing murine LECT2 was 
excised, washed, and dried under reduced pressure. 
The dried gel slice was treated with a reducing solution 
containing 100 mM dithiothreitol and 10 mM Tris-HCl 
(pH 7.5) for 30 min at 57°C. Alkylation of the protein in 
the gel was carried out in a solution containing 100 mM 

iodoacetate and 10 mM Tris-HCl (pH 7.5) at 37°C for 
30 min. The gel was then treated with sequencing grade 
modified trypsin (Promega) for 18 h at 37°C in 10 mM 
Tris-HCl buffer (pH 7.5) or endoproteinase Asp-N (Roche 
Diagnostics) for 18 h at 37°C in 10 mM Tris-HCl buffer 
(pH 7.5). The peptides produced in this final digestion 
were subjected to MALDI-TOF mass spectrometry.
 Purified recombinant human LECT2 was directly 
digested with sequencing grade modified trypsin for 
18 h at 37°C in 10 mM Tris-HCl buffer (pH 7.5). The 
digest was then treated with the reducing solution for 
30 min at 57°C, followed by the alkylating solution at 
37°C for 30 min. The resulting peptides were subjected 
to MALDI-TOF mass spectrometry.

3. Results

To identify possible disulfide linkages between the 
six cysteine residues in mammalian LECT2, we first 
treated murine LECT2 with iodoacetate to substitute 
a carboxymethyl group for the hydrogen of any thiol 
groups present in the cysteine residues. Treated and 
untreated proteins were then analyzed by MALDI-
TOF mass spectrometry. The main peak of treated 
murine LECT2 was observed at m/z 14630.8 and that 
of untreated protein at m/z 14632.1. Since the estimated 
mass of murine LECT2 with three intramolecular 
disulfide bonds is m/z 14631.5 [M+H+], our results 
indicate that most murine LECT2 is monomeric with 
three intramolecular disulfide bonds.
 Next, we sought to determine the positions of the 
disulfide bonds. Iodoacetate-treated murine LECT2 was 
separated by SDS-PAGE and the gel slice containing the 

Figure 1. Multiple alignment of the deduced amino acid sequences of LECT2 of various species. Sequences were aligned using the ClustalX 
program. The black shading indicates the six conserved cysteine residues. Sequences for the comparisons were obtained from GenBank. 
Accession numbers: mouse, BAA33383; human, BAA23609; bovine, NP_776805; sea lamprey, CO553119; chicken Mim-1, NP_990809; 
American alligator, ES321039 (partial sequence); Chinese giant salamander, EG018563; carp, BAB16024; zebrafi sh, XP_695533; channel catfi sh, 
FD317410; rainbow trout, AF271114; barramundi perch, ABV66068. Identical residues are indicated with asterisks.
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protein was digested with trypsin and divided equally 
into two pieces. One of the gel pieces was reduced 
with dithiothreitol and then treated with iodoacetate. 
The non-reduced and reduced peptides mixtures were 
analyzed by MALDI-TOF mass spectrometry (Table 1, 
upper column). Two peaks at m/z 1536.5 and m/z 2222.8 
were observed in the analysis of non-reduced fragments. 
These peaks correspond closely to the estimated 
mass of disulfide peptides with a linkage between 
Cys36 and Cys41. After the reducing treatment, we 
did not detect peaks for a peptide with the disulfide 
linkage Cys36-Cys41. In place of these peaks, we 
observed two peaks at m/z 1654.7 and m/z 2341.0 that 
correspond to peptides containing carboxymethylated 
Cys36 and carboxymethylated Cys41, respectively. 
We also analyzed murine LECT2 fragments produced 
by endoproteinase Asp-N digestion (Table 1, lower 
column). A peak at m/z 2847.2 was observed in the mass 
spectra of non-reduced peptides. This corresponds to 
the estimated mass of a peptide with a disulfide linkage 
between Cys36 and Cys41. After Asp-N digestion of 
reduced and carboxymethylated fragments, this peak 
was replaced by two new peaks in the mass spectra 
at m/z 2052.8 and m/z 2304.9. These correspond to 
a carboxymethylated Cys36-containing peptide and 
a carboxymethylated Cys41-containing peptide. 
Furthermore, in the mass spectrometric analysis of 
the non-reduced peptides resulting from trypsin or 
Asp-N digestion, we did not observe any peptide peaks 
corresponding to disulfide linkages associated with 
Cys36 or Cys41 except for the Cys36-Cys41 disulfide 
bond. Overall, these data indicate that Cys36 and Cys41 
would form a disulfide bond in murine LECT2.
 Under the non-reducing conditions of the trypsin 
digest, a peak was also observed at m/z 3095.3. 
This peak corresponds to the estimated mass of a 
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disulfide peptide with a linkage between Cys99 
and Cys142 (Table 1, upper column). In the mass 
spectra of the trypsin digest, we did not detect any 
peaks corresponding to other disulfide linkages 
associated with Cys99 or Cys142 except for the 
Cys99-Cys142 disulfide bond. Under the reducing and 
carboxymethylating conditions, the disulfide peptide 
with the linkage between Cys99 and Cys142 detected 
under non-reducing conditions could theoretically be 
resolved into two smaller peptides with mass of m/z 
2603.2 and m/z 611.3. These peaks correspond to a 
carboxymethylated Cys142-containing peptide and 
a carboxymethylated Cys99-containing peptide. The 
former peptide was clearly identifiable at m/z 2603.2, 
but the latter peptide was too small for unambiguous 
assignment. Overall, these results indicate that Cys99 
and Cys142 would form a disulfide bond.
   As described above, it was shown that murine LECT2 
does not have free cysteine residues, and would have 
Cys36-Cys41 and Cys99-Cys142 disulfide bonds. 
We sought to detect the disulfide link between Cys25 
and Cys60 by a mass spectrometric analysis of an 
endoproteinase Asp-N digest (Table 1, lower column). 
We observed a peak in the analysis of non-reduced 
fragments at m/z 1867.8. This corresponds to the mass 
of a peptide fragment consisting of Gly19-Asn31 and 
Asp57-Ser61 formed by a disulfide bond between 
Cys25 and Cys60. We could not detect any peaks 
corresponding to other disulfide linkages associated 
with Cys25 or Cys60 except for the Cys25-Cys60 
disulfide bond. In the analysis of the reduced and 
carboxymethylated endoproteinase Asp-N digest, this 
peak was replaced by two new peaks at m/z 1392.6 and 
m/z 2052.8. These correspond to peptides containing 
carboxymethylated Cys25. These results clearly indicate 
that Cys25 and Cys60 would form a disulfide bond.

Table 1.  Assignments of cysteine-containing fragments produced by trypsin or Asp-N digestion of murine LECT2

Observed mass [M+H+]

1536.5
2222.8
3095.3

1654.7
2341.0
2603.2

1867.8
2847.2

1392.6
2052.8
2304.9

Cm: carboxymethyl group

Expected mass [M+H+]

1536.6
2222.9
3095.4

1654.7
2341.0
2603.2

1867.8
2847.3

1392.6
2052.9
2305.0

Peptide

Thr35-Arg48
Ser29-Arg48
Gly97-Lys101 + Ile129-Leu151

Thr35-Arg48 + 2 Cm
Ser29-Arg48 + 2 Cm
Ile129-Leu151 + 1 Cm

Gly19-Asn31 + Asp57-Ser61
Glu32-Val56

Gly19-Asn31 + 1 Cm
Gly19-Cys36 + 2 Cm
Asp37-Val56 + 1 Cm

Cysteine residues,
S–S bonds

Cys36-Cys41
Cys36-Cys41
Cys99-Cys142

Cys36, Cys41
Cys36, Cys41
Cys142

Cys25-Cys60
Cys36-Cys41

Cys25
Cys25, Cys36
Cys41

Trypsin
             Non-reduced and iodoacetate-treated LECT2

             Reduced and carboxymethylated LECT2

Asp-N
             Non-reduced and iodoacetate-treated LECT2

             Reduced and carboxymethylated LECT2
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   To determine whether the three disulfide bonds 
identified in murine LECT2 are present generally in 
mammalian LECT2, we analyzed human LECT2 by 
the same procedures described above. Recombinant 
human LECT2 was treated with iodoacetate and 
analyzed by MALDI-TOF mass spectrometry. This 
analysis indicated that protein generally exists as a 
monomer and has three intramolecular disulfide bonds 
that are the same as those of murine LECT2 (data not 
shown). After trypsin digestion of human LECT2, we 
found that the resulting peptides gave three prominent 
peaks at m/z 1579.5, m/z 3095.3, and m/z 4907.1 
(Figure 2). These peaks correspond to peptides with the 
disulfide linkages Cys36-Cys41, Cys99-Cys142, and 
Cys25-Cys60, respectively. Analysis of the reduced 
and carboxymethylated fragments produced four 
peaks at m/z 1697.6, m/z 2603.0, m/z 3439.3, and m/z 
3950.8. These results indicated that human LECT2 has 
three intramolecular disulfide bonds, Cys25-Cys60, 
Cys36-Cys41, and Cys99-Cys142. This conclusion is 
consistent with that for murine LECT2.

4. Discussion

In this study, mass spectrometric analyses of murine 
and human LECT2 treated with iodoacetate showed that 
the proteins had no free cysteine residues. Moreover, 
mass spectrometric analysis of the products of digesting 
murine and human LECT2 with two different types of 
proteases indicated that the protein of both species had 
six cysteine residues involved in the formation of three 

disulfide bonds. These bonds were present between the 
first and fourth, second and third, and fifth and sixth 
cysteine residues, suggesting that assignment of these 
three disulfide bonds is likely to be conserved in many 
vertebrates. On the basis of these results, we suggest 
that the teleost LECT2, which lacks the two cysteine 
residues corresponding to the second and third cysteine 
residues of mammalian LECT2, may form two disulfide 
bonds between the first and second cysteine residues 
and the third and fourth cysteine residues. Likewise, 
in the chicken, which has two imperfect repeat units 
of Mim-1 with an extra cysteine residue between the 
fifth and sixth cysteine residues of mammalian LECT2 
(Figure 1), we suggest that the latter two cysteine 
residues will not participate in a disulfide linkage.
 Recently, the amino acid sequence of the C-terminal 
domain of LECT2 was categorized in the Pfam 
database as belonging to the peptidase M23 (PF01551) 
superfamily (10). However, we were unable to find 
any evidence of peptidase activity in a highly purified 
preparation of recombinant murine and human LECT2 
(data not shown).
 The disulfide bond between the second and third 
cysteine residues forms a tight intrachain loop in the 
N-terminus. Similarly, two cysteine residues separated 
by four amino acid residues have been reported 
in other proteins such as oxytocin and the insulin 
A-chain. As shown in Figure 1, the region around this 
disulfide bond has the common amino acid sequence 
NX2RXCDX2~4GCG in most species, suggesting that 
the corresponding region in fish not only has the two 
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Figure 2. Representative MALDI-TOF mass spectra of trypsin digested human LECT2 peptides and treated with iodoacetate under 
non-reducing (upper) and reducing (lower) conditions. Bold C and cmC indicate disulfi de cysteine and carboxymethylated cysteine residues, 
respectively.



www.biosciencetrends.com                                                                                                       

BioScience Trends. 2009; 3(4):139-143. 143

cysteine residues, but also forms a loop. This loop 
structure might be a key structural motif for LECT2 
function.
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Summary

Original Article

Angiogenesis plays an important role in cervical cancer progression. Currently among 
several factors known to promote angiogenesis, vascular endothelial growth factor 
(VEGF) is most important. To evaluate the effect of treatment on VEGF levels and their 
correlation with other predictive factors, pre-and post treatment levels of VEGF were 
estimated in cervical cancer patients. 110 cases of frank cancer and 50 controls were 
enrolled for the present study: 18 in Stage I, 32 in Stage II, 48 in Stage III, and 12 in Stage 
IV. Serum VEGF levels were estimated by ELISA in patients on the day of recruitment 
and post treatment follow-up at a fixed time interval of 6-8 weeks. VEGF levels were 
highly significant among patients as compared to controls (p = 0.001). The pre-treatment 
VEGF levels among different stages of the disease were marginally insignificant (p = 0.07). 
However, they were significantly different for (i) various grades (p < 0.001), (ii) tumor size (p 
= 0.026), and (iii) smoking habits (p = 0.018). Post treatment levels were highly significant, 
as compared to pre-treatment values (p = 0.001). The pre-treatment and post-treatment 
VEGF levels were associated with (i) disease stage (p = 0.002), (ii) grade (p = 0.001), and 
(iii) tumor size (p = 0.001). In conclusion, VEGF is a potent angiogenic factor and can be 
considered as an effective prognostic marker in cervical cancer.

Keywords: VEGF, cervical cancer stages, prognostic markers

1. Introduction

Cervical cancer is the most common cancer affecting 
women in India (1). Human papilloma virus infection 
has been determined as the main risk factor for cervical 
cancer (1). Pap smear screening is still the most 
reliable means of diagnosing cytopathological changes 
leading to cancer development in the developing world 
(2,3). Pap smear screening, though simple is not very 
common among the Indian population (2,3). Therefore, 
detection is late and thus the patients reaching hospitals 
are in a higher stage of disease and in a wide age group, 

with the median age of the patients being 50 years. 
Primary surgery on the one hand and chemo radiation 
on the other are the most effective means of treatment 
depending on the stage of cancer (4). Surgery also 
determines the number of positive lymph nodes which 
in turn indicates the prognosis of the tumor.

Angiogenesis, the formation of new blood vessels 
from pre-existing capillaries, is essential for both tumor 
growth and spread (4,5). The existence of angiogenic 
factors was initially postulated on the basis of the strong 
neovascular response induced by transplanted tumors 
(6). Tumor growth beyond 1-2 mm is strictly dependent 
on angiogenesis (5). Tumor tissues secrete angiogenic 
factors that activate neovascularization in and around 
tumors (7). Tumor angiogenesis in cervical cancer is 
a complex process controlled by numerous cytokines 
which relate to prognosis (8-10). These factors include 
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vascular endothelial growth factor (VEGF), platelet 
derived growth factor (PDGF), basic fibroblast growth 
factor (b FGF), and IL-8.

Vascular endothelial growth factor, also called 
vascular permeability factor (VPF) is an endothelial 
cell mitogen with angiogenic activity (11). VEGF 
currently includes five members, in addition to the 
prototype VEGF, which mediates angiogenic signals 
via high-affinity receptor tyrosine kinases. Three of 
the receptors are known as VEGFR-1, VEGFR-2, and 
VEGFR-3. VEGFR-1 with VEGFR-2 is expressed in 
vascular endothelium, whereas VEGFR-3 is expressed 
in lymphatic endothelium (12).

Vascular endothelial growth factor (VEGF-A, 
also called as VPF) has emerged as the single most 
important regulator of blood vessel formation in 
health and disease. It is important for embryogenic 
vasculogenesis and angiogenesis as a key mediator of 
neovascularization (13). Inhibition of VEGF results in 
increased endothelial cell killing by radiotherapy and 
produces a supra-additive anti-tumor effect in a murine 
mouse model (14). VEGF is expressed in precursor 
lesions of the cervix and invasive cervical cancer (15). 
VEGF expression has recently been determined also 
by semi-quantitative immuno-histochemistry (16). 
Loncaster et al. (16) has reported a positive and inverse 
correlation between increased MVD or VEGF and 
disease free survival, while some workers have found 
no such correlation (17).

Serum VEGF has become an efficient means to 
determine VEGF levels as a surrogate marker of tumor 
angiogenesis (18); particularly in females, in breast, 
vulvar and ovarian cancer, VEGF has been found to be 
associated with tumor progression (19-21).

The relationship between tumor and serum VEGF 
has been a focus of a number of studies and the results 
vary greatly. Tissue expression of VEGF has been 
found high in squamous cell carcinoma as compared 
to CIN (22). Cheng et al. (8) showed that VEGF levels 
in tumors were high and correlated well with tumor 
progression; where as Lee et al. (23) and Tjalma et al. 
(17) found VEGF levels of no prognostic value. Studies 
have shown that VEGF levels correlate to successful 
treatment (24,25). Serum VEGF offers the possibility 
of an early available biomarker with prognostic 
potential (4).

The purpose of the present study was to determine 
serum VEGF concentration in pre- and post-treatment 
cases of cervical cancer and correlate it with established 
clinicopathological characteristics. Serum VEGF levels 
relate with progression of stage of cancer. The levels 
of VEGF rise with the higher stage of the disease. How 
serum VEGF levels vary in patients who have received 
conventional treatment; that is, whether the regular and 
routine treatment itself affects or modifies the level 
of VEGF in cervical cancer patients is still far from 
established.

A positive answer will act as a response predictor in 
cases who have received treatment, thus signifying the 
measurement of post-treatment levels of VEGF. This 
will be specifically true for patients who have received 
only regular treatment and not added anti-angiogenic 
therapy.

2. Materials and Methods

2.1. Subjects

A total of 110 histologically confirmed cervical cancer 
cases and 50 controls were enrolled for the study. All 
the controls enrolled for the study were healthy subjects 
free from any cervical pathology and who after physical 
examination showed no symptoms of any debilitating 
disease. The median age of the patients was 50 years 
(range, 26-80 yrs) and the median age of the controls 
was 40 years (range, 24-70 yrs). The patients were 
classified using FIGO staging according to which there 
were 18 patients in stage I, 32 in stage II, 48 in stage 
III, and 12 in stage IV. Out of 110 cases enrolled in 
the study, 8 patients underwent primary surgery, 10 
underwent surgery and radiotherapy, 80 had chemo 
radiation and 12 had surgery and chemo radiation. 
Blood samples from patients and controls were 
collected only from those who consented to be a part of 
the study. The protocol of informed consent had already 
been approved by the Ethical Committee of Chattrapati 
Shahuji Maharaj Medical University.

2.2. Treatment

All the patients under study received the following 
radiation treatment. Patients were given radiotherapy 
by external beam radiotherapy EBRT followed by 
brachytherapy. EBRT was delivered by telecobalt 
therapy machine (Theratron 780 E, AECL, Ottawa, 
Canada). A total dose of 50 Gy in 5 weeks at 5Fc per 
week was delivered to the whole pelvis. This was 
followed by high dose rate (HDR) brachytherapy after 
a gap of 2 weeks of completion of EBRT. Patients were 
also given chemotherapy in the form of injection of 
cisplatin 30 mg/m2 i.v. weekly throughout the course of 
EBRT with i.v. hydration and antimetic prophylaxis.

2.3. Serum assay for VEGF estimation

Blood samples of all cases were obtained by peripheral 
venous puncture both on the day of recruitment of the 
patient and after 6-8 weeks of chemo-radiation. The 
samples were centrifuged at 3,000 rpm for 10 min. The 
samples were aliquoted and immediately stored at –80°C. 
VEGF-A levels were determined in serum samples using 
a quantitative human VEGF immunoassay kit (Bender 
Med Systems, Vienna, Austria) using the manufacturers 
protocol. In brief, the samples were diluted using sample 
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diluent. Biotin conjugate was then added to the wells 
and the plate was incubated at room temperature for 3 
h. The plate was then thoroughly washed with the wash 
buffer provided in the kit. The plate was then coated 
with streptavidin HRP. After incubation for 15 min 
the reaction was stopped with wash solution and the 
absorbance was read at 450 nm.

2.4. Statistical analysis

Normal distribution of serum VEGF levels was 
measured using the Shapiro-Wilk test. Due to the 
skewed distribution of VEGF levels and the small 
number of observations in certain groups non parametric 
tests were used and for description of baseline 
characteristics median, range and interquartile range 
were used. Comparisons between two independent 
groups were made using the Mann Whitney U test. 
Comparisons between multiple groups were made 
using one-way ANOVA on ranks with Dunn's test as 
a multiple comparison procedure. For comparing two 
groups a one-tailed test was used and a p value of < 0.05 
was considered to be significant. The statistical analysis 
was performed using SPSS version 16.0.

3. Results

A total of 110 cases and 50 controls were enrolled 
in the present study. Table 1 summarizes the clinical 
baseline characteristics of patients. The median age of 
the patients was 50 years (range, 26-80 yrs) and the 
median age of the controls was 40 years (range, 24-70 
yrs). The patients were classified using FIGO staging 
according to which there were 18 (16.4%) patients in 
stage I, 32 (29.1%) in stage II, 48 (43.6%) in stage III, 
and 12 (10.9%) in stage IV. The lymph nodes of 29 
(26.4%) patients were positive and those of 81 (73.6%) 
were negative. Out of all the 110 cases enrolled for the 
study 27 (24.5%) were smokers and 83 (75.5%) were 
non smokers. The tumor size was (i) < 2 cm in 10 (9.1%) 
cases, (ii) in the range of 2-4 cm in 19 (17.3%) cases, 
and (iii) > 4 cm in 81 (73.6%) cases. Out of 110 cases 
enrolled in the study, 8 patients underwent primary 
surgery, 10 underwent surgery and radiotherapy, 80 
had chemo radiation and 12 had surgery and chemo 
radiation.

Table 2 gives the results of (i) comparison of Serum 
VEGF levels between controls and cancer patients, 
and (ii) comparison of VEGF levels between different 
clinicopathological categories of patients. It is seen that 
statistically VEGF levels are neither associated with 
different status of lymph nodes in a significant manner 
(p = 0.23) nor with different stages of cervical cancer (p 
= 0.07). The VEGF levels were significantly different 
between controls and patients (p < 0.001). The VEGF 
levels were significantly different (i) among various  
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grades (p < 0.001) and (ii) among various tumor size (p 
= 0.026), and (iii) between smokers and non smokers (p 
= 0.018).

The  pos t - t r ea tment  l eve l  o f  se rum VEGF 
concentrations were taken into consideration at a period 
of 6-8 weeks after treatment. The VEGF level decreased 
uniformly among post-treatment patients.

Table 3 summarizes (i) the correlation between pre- 
and post-treatment serum VEGF levels in squamous cell 
carcinoma and (ii) association of pre- and post-treatment 
VEGF levels with different clinicopathological 
categories of patients. The pre-treatment and post-
treatment VEGF levels of patients were significantly 
different (p < 0.001) and both levels were significantly 
associated (i) with various stages of cervical cancer 
(p = 0.002), (ii) with various grades (p < 0.001), and 
(iii) with various tumor sizes (p < 0.001). However, 
the VEGF levels were neither associated (i) with the 
patients having a history of smoking (p = 0.07) nor (ii) 
with the lymph node status (p = 0.44).

4. Discussion

Prognosis and progression are the key words for cancer 
management in this new era. Since the prognosis of 
cancer cannot be judged by any clear means, factors 
which indicate progression become important. 
Angiogenesis or neovascularization is important for 

a The values are median (range); b WD, well differentiated; MD, 
moderately differentiated; PD, poorly differentiated.

Table 1. Clinicopathological characteristics of cervical 
cancer cases (n = 110)
Characteristic

Age (years)

Stage
   I
   II
   III
   IV

Gradeb

   WD
   MD
   PD

Lymph node
   Positive
   Negative

Smoking status
   Smoker
   Non smoker

Tumor size
   < 2 cm
   2 - 4 cm
   > 4 cm

Treatment
   Surgery
   Surgery + Radiotherapy
   Chemo radiation
   Surgery + Chemo radiation

 Number (%) 

50.0 (26-80)a

18 (16.4%)
32 (29.1%)
48 (43.6%)
12 (10.9%)

92 (83.6%)
  5 (4.5%) 
13 (11.8%)

29 (26.4%) 
81 (73.6%)

                   
27 (24.5%)
83 (75.5%)

10 (9.1%)
19 (17.3%)
81 (73.6%)

  8 (7.3%)
10 (9.1%)
80 (72.7%)
12 (10.9%)
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tumor growth and development. Several factors have 
come to light which promote tissue angiogenesis. 
These include basic fibroblast growth factor (b FGF), 
Interleukin-8 (IL-8), and tumor necrosis factor-α 
(TNF-α). Among the various angiogenic factors 
vascular endothelial growth factor has a pivotal role 
in tumor angiogenesis and promotes differentiation of 
endothelial cells thus increasing the permeability of 

capillaries (6,26).
Fukumura  et al.  (27) has shown that tumor 

associated stroma also produces VEGF. VEGF thus 
came into focus and has been extensively studied 
since then. Salven et al. (28) found that VEGF has 
a prognostic impact in non-Hodgkins lymphoma. 
Similarly,  VEGF was associated with disease 
progression of carcinoma in ovary, esophagus, colon, 

Table 3. Correlation between pre- and post-treatment serum VEGF (pg/mL) levels in squamous cell carcinoma

Patients

Stage
   I
   II
   III
   IV

Gradea

   WD
   MD
   PD

Lymph node
   Positive
   Negative

Tumor size
   < 2 
   2 - 4
   > 4

Smoking
   Smoker
   Non smoker

  n

110

  18
  32
  48
  12

  92
    5
  13

  29
  81

  10
  19
  81

  27
  83

 Pre-treatment median (IQR)

           786.8 (506.9)

              684 (591.9)
           665.4 (577.6)
           818.3 (376.4)
           918.6 (472.5)

             16.8 (481.1)
           975.6 (266.2)  
        1,200.7 (943.4)

           900.8 (724.6)
           775.0 (485.1)

           497.0 (616.6)
           561.9 (594.5)
           799.4 (407.8) 

           900.8 (638.8) 
           770.6 (522.2)

Post-treatment median (IQR)

         510.5 (245.1)

         480.7 (452.4)
         528.7 (300.4)
         510.5 (201.3)
         485.2 (347.5)

         502.2 (248.6)
         541.3 (156.8)
         617.4 (360.5)

         502.0 (320.4)
         512.0 (234.9)

         372.8 (466.5) 
         541.3 (360.4)
         511.0 (225.8)

         515.8 (251.0)
         502.0 (256.1)

    p

< 0.001

0.002

< 0.001

0.44

< 0.001

0.07 

a WD, well differentiated; MD, moderately differentiated; PD, poorly differentiated.
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Table 2. Comparison of serum VEGF levels in controls and different clinicopathological categories of cancer patients
 VEGF levels (pg/mL)Characteristics

Controls
Patients

Stage
   I
   II
   III
   IV

Gradea

   WD
   MD
   PD

Lymph node
   Positive
   Negative

Tumor size
   < 2 
   2 - 4
   > 4

Smoking
   Smoker
   Non smoker

  n

  50
110

  18
  32
  48
  12

  92
    5
  13

  29
  81

  10
  19
  81

  27
  83

 Median

   225.0
   786.8

   684.4
   665.4
   818.3
   918.6

     16.8
   975.6
1,200.7

   900.8
   775.0

   497.0
   561.9
   799.4

   900.8
   770.6

 IQR

252.75
506.9

591.9
577.6
376.4
472.5

481.1
266.2
943.4

724.6
485.1

616.6
594.5
407.8

638.8
522.2

   
 p

< 0.001

0.07

< 0.001

0.23

0.026

0.018

a  WD, well differentiated; MD, moderately differentiated; PD, poorly differentiated.
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breast, head and neck, and lung cancers (29-34). VEGF 
has also been shown to be over expressed in cervical 
cancer (12,19,35,36).

In an original study by Kodama et al. (37) the highest 
levels of VEGF mRNA expression were observed in 
early invasive cervical cancer. Except for stage IVb the 
stage of the disease inversely correlated with the level 
of VEGF mRNA. There was no significant difference in 
the level of VEGF mRNA with respect to histological 
subtypes, tumor size, depth of stromal invasion, 
parametrial involvement and lymph node metastasis.

Kodama et al. (37) also found that VEGF mRNA 
closely correlated with tumor vascularity. This 
finding was in agreement with that of Tokumo et al. 
(36) in which the micro vessel density correlated 
significantly with VEGF expression in stage Ib-IIb  
immunohistochemical methods.

In contrast to some studies, Jacobson et al. (38) 
showed that VEGF is not correlated with survival. 
Lebrecht et al. (39) also found no correlation of VEGF 
with patient's prognosis regarding disease free and over-
all survival. In the study by Lebrecht et al. (39), VEGF 
correlated significantly with tumor stage whereas no 
significant conclusion could be drawn from lymphatic 
spread and tumor grade.

Loncaster et al. (16) evaluated immunohistochemically 
the low VEGF levels in cervical cancer and found that 
it was significantly associated with metastasis free 
survival. Cheng et al. (8) showed that intratumoral 
cytosol VEGF concentration in cervical cancer was an 
independent prognostic factor. 

Serum VEGF levels were significantly higher in 
both patients of CIN and cervical cancer compared to 
healthy controls, as shown in the studies of Yang et al. 
(25) Mitsuhashi et al. (40), and Lebrecht et al. (39).

The present study was undertaken to estimate serum 
VEGF levels in healthy controls and various stages of 
cervical cancer in pre- and post-treatment states. This 
was further correlated with different stages of patients 
including: tumor size, smoking status, tumor grade, and 
lymph node status in descriptive analysis.

There was a monotonous increasing trend between 
VEGF level and the stages of the disease. The 
association between VEGF level and the various stages 
of cancer was marginally insignificant (p = 0.07). This 
might be due to the small number of observations in 
different categories of the disease (e.g. n = 12 for stage 
IV patients) and because of the use of non-parametric 
tests which are less powerful than the corresponding 
parametric tests. Clinically, the differences in median 
VEGF level among various stages seem to be important. 
In this case, statistical significance or insignificance has 
to be carefully interpreted (41,42).

The pre-treatment VEGF values of patients were 
correlated with their lymph node status, where the 
levels obtained were insignificant. However, the tumor 
size and histological grade along with smoking status of 

patients had a significant correlation.
A fixed time interval of 6-8 weeks was considered 

for the evaluation of post-treatment levels as shown in 
Table 3. The post treatment levels of VEGF decreased 
significantly after treatment.

Tumor grade and tumor size also showed a 
significant correlation in pre- and post-treatment levels 
of VEGF showing a statistically significant consistent 
and linear increase. However, neither smoking nor 
lymph node status was statistically different, though 
pre-treatment levels of VEGF correlated well with the 
smoking status of patients in other studies. VEGF data 
compared to smoking habits of patients is not available 
to the best of our knowledge in an indexed literature 
and it needs more in depth study.

The results of the present study compare well with 
the results of Mitsuhashi et al. (40), who demonstrated 
a significant difference in pre- and post-treatment 
VEGF levels in cervical cancer cases. Lebrecht et al. 
(39) also reported that serum VEGF was markedly 
elevated in patients with squamous cell carcinoma of 
uterine cervix when compared to healthy women. Here 
too, VEGF level correlated well with tumor stage, but 
not with lymph node status.

Thus the present study of pre- and post-treatment 
levels of VEGF in patients with cervical cancer showed 
an increased and positive correlation with tumor 
size, the stage of the disease and grade. The over-all 
difference in VEGF levels in cervical cancer patients 
of all stages at the time of diagnosis was statistically 
higher than that in healthy controls; indicating 
increased angiogenesis. The histological studies in the 
above cervical cancer cases showed a correlation with 
increased angiogenesis.

Zusterzeel et al. (4) in one of the largest studies 
correlated serum VEGF levels to establish prognostic 
factors in cervical cancer. They concluded that serum 
VEGF was highest in advanced tumor stage, large 
tumor size (> 2 cm) and was associated with overall 
disease free survival, thus speculating that it could act 
as a useful prognostic factor in patients with cervical 
cancer. The study was done in a western population 
and the present study has been done in Asian-Indian 
population where risk factors differ slightly. The 
findings of the present study appear similar to the 
Zusterzeel et al. (4) study despite the fact that the data 
are from two different ethnic populations.

The present study compares a series of patients 
and controls, correlating VEGF with other established 
risk factors associated with prognosis. However, 
further long term studies are required to correlate 
prognostic outcomes to further validate VEGF levels in 
cervical cancer patients and thus establish VEGF as an 
independent prognostic marker.

Moreover, whatever causes VEGF to stimulate 
endothelial cells to proliferate, needs more signal 
transduction studies. 
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Summary

Original Article

We have recently demonstrated that unconjugated bilirubin (UCB) limits the over-
expression of adhesion molecules and inhibits the PMN endothelial adhesion induced 
by the pro-inflammatory cytokine TNFα. To understand the molecular events involved 
we investigated whether the inhibitory effect is determined by a direct influence of UCB 
on different nuclear pathways. Co-treatment of cells with UCB, TNFα, and pyrridoline 
dithiocarbamate (PDTC), a NF-κB inhibitor, additively enhanced the inhibitory effect of 
UCB. UCB prevented the nuclear translocation of NF-κB induced by TNFα. The failure of 
UCB to alter TNFα-induced phosphorylation of cAMP-response element-binding protein 
(CREB) suggested that the CREB pathway is not involved in the UCB inhibition and that 
UCB blunting effect on the overexpression of adhesion molecules occurs via inhibition of 
the NF-κB transduction pathway. Collectively these data may contribute to explain the 
protective effect of bilirubin against development of atherosclerosis.

Keywords: Endothelial cell activation, bilirubin, adhesion molecules, NF-κB, TNFα,  
atherosclerosis

1. Introduction

The earliest events in the development of atherosclerosis 
involve progressive modifications in the endothelial 
micro-environment. This endothelial cell activation, a 
complex of multi-step mechanisms also characterized 
by increased expression of adhesion molecules, 
mediates the diapedesis (migration) of inflammatory 
and immunocompetent cells through the endothelial 
layer into the arterial wall. The over-expression of 
adhesion molecules is orchestrated by pro-inflammatory 
cytokines, particularly TNFα (1,2). The two major 
subsets of adhesion molecules participating in these 
processes are the selectins (in particular E-selectin) and 
the immunoglobulin gene superfamily (in particular 

intercellular adhesion molecule 1, ICAM-1 and cell 
vascular adhesion molecule 1, VCAM-1).

In different endothelial cell models, the induction 
of adhesion molecules expression by TNFα is triggered 
by two different transcriptional factors, NF-κB and 
cAMP-response element (CRE)-binding protein 
(CREB). NF-κB is a ubiquitously expressed family 
of transcription factors controlling inflammatory 
and immune responses (3). The most abundant form 
of NF-κB is an heterodimer of p50 and p65; NF-κB 
is sequestered in the cytoplasm in an inactive form 
through interaction with the IkB inhibitor proteins (4). 
Signals that induce NF-κB release dimers to enter into 
the nucleus and induce gene expression (5). A metal-
chelating compound, pyrridoline dithiocarbamate 
(PDTC), inhibits NF-κB by blocking ubiquitine ligase 
activity towards phosphorylated Iκ-B (6), in turn 
downregulating the expression of E-selectin, ICAM-1 
and VCAM-1 (7). CREB is a widely expressed DNA-
binding protein and a downstream target of cAMP. 
CREB is activated by phosphorylation on serine 133 
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(8). A regulatory site, on the gene promoters of both 
E-selectin and VCAM-1, binds both NF-κB and CREB 
transcription factors (9,10).

Unconjugated bilirubin (UCB), long considered to 
be simply a waste end product of heme metabolism and 
a marker for hepatobiliary disorders, is now thought 
to function as an endogenous tissue protector by 
attenuating free radical-mediated damage to both lipids 
and proteins (11). There is increasing epidemiological 
evidence supporting an inverse association between 
cardiovascular disease and plasma levels of bilirubin 
(12). We recently demonstrated that UCB, at clinically 
relevant concentrations, limits the over-expression of 
adhesion molecules and inhibits the PMN endothelial 
adhesion induced by the pro-inflammatory cytokine 
TNFα, even though UCB itself does not alter expression 
of these adhesion molecules (13). These results support 
the concept that modestly elevated concentrations of 
UCB, as in Gilbert's syndrome (14), may help prevent 
atherosclerotic disease, as suggested by epidemiological 
studies. The aim of this study is to investigate the effect 
of UCB on the transcription factors that regulate the 
surface expression of adhesion molecules.

2. Materials and Methods

2.1. Materials

Dulbecco's phosphate saline (DPS), Dulbecco's 
modified Eagles's medium high glucose (DME/HIGH), 
penicillin, and streptomycin were purchased from 
Euroclone, UK. Fetal calf serum was obtained from 
Invitrogen, Carlsbad, CA, USA. Chloroform (HPLC 
grade, 99%) was obtained from Carlo Erba, Milan, Italy. 
Fatty acid free bovine serum albumin (BSA), DMSO 
(HPLC grade), UCB (Sigma Chemical Co., St. Louis, 
MO, USA), TNFα, and all other reagents and chemicals 
were purchased from Sigma-Aldrich, Milan, Italy.

2.2. Cell cultures

H5V cells, murine heart endothelial immortalized cells 
(15) (kindly gifted by "Istituto Mario Negri", Milan, 
Italy), were grown to 80% confluence in DME/HIGH 
containing fetal calf serum 10% (v/v) and penicillin/
streptomycin 100 U/mL/100 μg/mL. When confluence 
was achieved, cells were washed three times with PBS 
and incubated as described in details below.

2.3. Studies of the cellular effects of UCB and cytokines

UCB was purified as described by McDonagh and 
Assisi (16) and dissolved in DMSO (0.3 μL of DMSO 
per μg of UCB, and diluted with 21 mL of serum free 
medium containing 30 μM bovine serum albumin 
(BSA). Experiments were performed at unbound UCB 
concentrations (Bf) of 15 and 30 nM (17). To minimize 

photodegradation, all experiments with UCB were 
performed under dim lighting in vials wrapped in 
aluminium foil.
 H5V cells were incubated in serum-free medium 
(DME/HIGH) containing BSA (30 μM) and DMSO 
(0.3%, v/v) with six different combinations of adducts: 
A) Control group: no adducts; B) TNFα group: add 
TNFα 20 ng/mL; C) UCB 15: add UCB to Bf of 15 nM; 
D) UCB 30: add UCB to Bf of 30 nM; E) Co-treatment 
UCB15-TNFα: add UCB to Bf 15 nM and TNFα 20 ng/
mL; F) Co-treatment UCB30-TNFα: add UCB to Bf 30 
nM and TNFα 20 ng/mL.
 A 7th group of H5V cells were treated for 2 h with 
pyrrolidine dithiocarbamate (PDTC, 10 μM), a specific 
inhibitor of NF-κB, either alone or with UCB, as 
described above, in the presence or absence of TNFα (20 
ng/mL), added 1 h after PDTC. PDTC was dissolved in 
serum free medium on the day of treatment. Cells were 
then collected and mRNA extracted and real time RT-
PCR performed as described below. An "additive effect" 
of UCB and PDTC was concluded only when the sum 
of the individual inhibitions by UCB and PDTC did not 
differ statistically from the experimentally-measured 
inhibition obtained by combined treatment with UCB 
and PDTC (18).

2.4. RNA isolation and real-time RT-PCR analysis

The H5V monolayer cells were cultured on 6 well 
plates and pre-treated for 2 h, with different UCB 
concentration with or without TNFα (20 ng/mL). Total 
RNA was isolated using Tri Reagent solution according 
to the manufacture's protocol (T9424, Sigma-Aldrich, 
Milan, Italy). RNA samples were quantified in a 
spectrophotometer at 260 nm. Agarose gel electrophoresis 
and staining with ethidium bromide, indicated that the 
RNA preparations were of high integrity.
 Retrotranscription using 1 μg of total RNA was 
performed with an iScript cDNA Synthesis Kit (BIORAD 
Cat. No. 170-8891) according to the manufacture's 
suggestions. The reaction was run in a thermocycler (Gene 
Amp PCR System 2400, Perkin-Elmer, Boston, MA, 
USA) at 25°C for 5 min, 42°C for 45 min, 85°C for 5 
min. The final cDNA was conserved at –20°C until used.
 Real-time PCR was performed according to the 
iQ SYBER Green Supermix (Bio-Rad, Hercules, CA, 
USA) protocol. PCR amplification was carried out in 
25 μL reaction volume containing 25 ng of cDNA, 1× 
iQ SYBR Green Supermix (100 mM KCl; 40 mM Tris-
HCl, pH 8.4; 0.4 mM each dNTP; 50 U/mL iTaq DNA 
polymerase; 6 mM MgCl2; SYBR Green I; 20 mM 
fluorescein; and stabilizers) (Bio-Rad Laboratories) 
and 250 nM gene specific sense and anti-sense primers. 
The selected host genes and their primer sequences 
were specific for the detection of  E-selectin, ICAM-1, 
VCAM-1, β-actin, as described previously (13). The 
primers were designed using Beacon Designer 2.0 
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software (PREMIER Biosoft International, Palo Alto, 
CA, USA) choosing specific sequences crossing two 
contiguous exons. Reactions were run and analyzed on 
a Bio-Rad iCycler iQ Real-Time PCR detection system 
(iCycler IQ software, version 3.1; Bio-Rad). Cycling 
parameters were determined, and resulting data were 
analyzed by using the comparative Ct method as the 
means of relative quantitation (19), normalized to the 
housekeeping gene and expressed as 2−ΔΔC

T. Melting 
curve analysis and gel electrophoresis were performed 
to asses product specificity.

2.5. Western blot analyses

After pre-treatment as described above for 30 min, 
with different UCB concentrations, with or without 
TNFα (20 ng/mL), cells were washed once with PBS 
at room temperature and dissolved in cell lysis buffer 
[PBS containing 1% (v/v) of a protease inhibitor 
cocktail from Sigma (P-8340) and 2 mM phenylmethyl-
sulfonylfluoride]. Cells were then placed on ice and 
disrupted by sonication (Bandelin Sonoplus, HD2070, 
Berlin, Germany) 3 times for 5 sec at 30% of power). 
Protein concentration in the lysate was determined by 
bicinchonic acid protein assay (BCA) following the 
manufacturer's instructions (B-9643, Sigma). Samples 
were immersed in a boiling water bath for 5 min and 
then immediately settled on ice. Proteins in 20 μg of 
cell protein lysate were size-separated, together with 
molecular weight standards (Precision Plus Protein 
dual colour standards, Bio-Rad), by SDS-PAGE on 
10% polyacrylamide gel, using a Mini Protein III Cell 
(Bio-Rad). After SDS-PAGE, proteins were electro 
transferred with a semi-dry blotting system at 100 V for 
120 min onto immune-blot PVDF membranes (Bio-Rad) 
using a Mini Trans-Blot Cell (Bio-Rad). Membranes 
were incubated overnight at 4°C with commercial 
antibodies that allows the specific recognition of NF-
κB and phosphorylated CREB at Ser 133. Antibodies 
were dissolved in a solution containing skim milk 
(5%) and T-TBS buffer (20 mM Tris, 0.2% Tween 20, 
500 nM NaCl, pH 7.5). To assay NF-κB, we used a 
commercial antibody specific for p65 subunit (SC-109, 
dilution 1:1,000, Santa Cruz Biotechnology, Santa Cruz, 
CA, USA,). The nuclear enrichment was proved by 
identification of the nuclear matrix protein p84 using a 
specific monoclonal antibody (ab487, dilution 1:1,000), 
Abcam, Cambridge, UK). Secondary antibodies 
conjugated with peroxidase (both from Sigma-Aldrich) 
IgG-anti-rabbit (dilution 1:2,000), for NF-κB, and IgG-
anti-mouse (dilution 1:2,000), for p84, were used.
 The phosphorylated CREB at Ser 133 was detected 
by a phosphor-CREB antibody (9190, Cell Signaling) 
at a dilution of 1:500 (recognized only phosphorylated 
form). The membranes were reprobed with an antibody 
against total CREB (recognized phosphorylated and 
non phosphorylated form) at a dilution of 1:500. 
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Both antibodies were analysed by the same procedure 
previously described (13).
 The peroxidase reaction was obtained by exposure 
of membrane in the ECL-Plus Western Blot detection 
system solutions (ECL Plus Western Blotting Detection 
Reagents, GE-Healthcare Bio-Sciences, Italia). 
Autoradiographic band intensities were estimated by 
densitometric scanning using NIH Image software 
(Scion Corporation, Frederick, MD, USA).

2.6. Preparation of total nuclear extracts after UCB 
treatment

The total cytoplasmic and nuclear extracts were obtained 
by Digman's method (20) with minor modification. 
5 × 107 H5V cells were seeded in 75-cm2 flasks and 
were treated with different UCB concentrations with or 
without TNFα (20 ng/mL) for 30 min. After treatment, 
the cells were collected by centrifugation at 800 × g 
for 10 min. The cells were resuspended in 400 μL ice-
cooled solution A (10 mM Hepes, pH 7.9, 0.1 mM 
MgCl2, 10 mM KCl, 0.1 mM EDTA, pH 8, 0.1 mM 
dithiotreitol, 0.5 mM phenylmethylsulphonyl fluoride, 1 
mM Na orthovanadate, and 1 mM Na fluoride). After 10 
min incubation on ice, the cells were centrifuged at 800 
× g for 5 min at 4°C. The supernatant containing the 
cytoplasm was collected and stored at –80°C. The pellet 
containing nuclei was resuspended with solution A and 
was centrifuged at 800 × g for 5 min at 4°C. The nuclear 
fraction was resuspended in ice-cooled solution B (20 
mM Hepes, pH 7.9, 420 mM NaCl, 1.5 mM MgCl2, 0.2 
mM EDTA, 5% (v/v) glycerol, 0.1 mM dithiotreitol, 
0.5 mM phenylmethylsulphonyl fluoride, 1 mM Na 
orthovanadate, and 1 mM Na fluoride). After 30 min 
incubation on ice with constant stirring, the suspension 
was vortexed for 10 sec, then centrifuged at 15,000 × g 
for 20 min at 4°C. The supernatant containing nuclear 
extract was recovered and stored at –80°C. The protein 
content of the extracts was determined by BCA method.

2.7. Statistical analysis

All experiments were run in triplicate and repeated 
three times. Results are expressed as mean ± S.D. 
One way ANOVA with Tukey-Kramer post test was 
performed using GraphPad InStat version 3.00 for 
Windows 95 (GraphPad Software, San Diego, CA, 
USA). Probabilities < 0.05 were considered statistically 
significant.

3. Results

3.1. Effect of PDTC pretreatment on TNFα-induction of 
adhesion molecule mRNA expression in H5V cells

For all three adhesion molecules investigated (E-selectin, 
VCAM-1, and ICAM-1), pretreatment with 10 μM PDTC 
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significantly inhibited the gene over-expression induced 
by TNFα (p < 0.05) (Figure 1). A further inhibition of 
gene expression by co-treatment with UCB was seen for: 
E-Selectin at Bf of 15 and 30 nM and of VCAM-1 but 
only at a Bf of 30 nM. ICAM-1 gene induction by TNFα 
was not further inhibited by the addition of UCB to cells 
pre-treatment with PDTC.

3.2. TNFα-induced nuclear translocation of NF-κB is 
inhibited by UCB

As reported, TNFα stimulated nuclear translocation 
of NF-κB (4,5), detected with antibody against its p65 

subunit. UCB itself did not affect NF-κB translocation 
(data not shown) but inhibited the nuclear translocation 
of NF-κB induced by TNFα in a dose dependent manner 
(Figure 2). In addition, co-treatment with UCB and TNFα 
caused an increase in the cytoplasmic fraction of NF-κB 
compared to control and to TNFα alone treatment.

3.3. Phosphorylation of cAMP-response element 
(CRE)-binding protein (CREB) is influenced by TNFα 
but not UCB.

Phosphorylation of CREB was significantly increased 
in a time dependent manner by TNFα alone, with a 
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Figure 1. UCB and pyrridoline dithiocarbamate (PDTC) additively inhibit the overexpression of adhesion molecule mRNA induced by 
TNFα. Effect of UCB (Bf = 15 and 30 nM), with or without TNFα (20 ng/mL) and/or PDTC (10 μM) on H5V cells. Cells were collected after 
2 h and the mRNA was analyzed by real time RT-PCR. Results are expressed as percent expression (mean ± SD) of 3 experiments, related to 
treatment with TNFα alone, considered as 100% (unshaded bar). *: p < 0.05 versus treatment with TNFα alone. #: p < 0.05 versus TNFα and 
PDTC treatments. See text for details.
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maximum reached after 15 min (data not shown). UCB 
alone or in co-treatment with TNFα did not affect 
CREB phosphorylation (Figure 3).

4. Discussion

For a long time bilirubin was considered to be simply a 
waste end product of heme metabolism. More recently 
evidence has emerged pointing to bilirubin as an 

independent factor in the prevention of atherosclerotic 
disease (21). In particular, mildly elevated serum 
bilirubin levels were associated with a lower incidence 
of ischemic cardiovascular effects (14) raising the idea 
that UCB can interfere with the mechanisms involved 
in the development of atherosclerosis. Based on the 
antioxidant properties of bilirubin, an hypothesis was 
formulated that UCB acts as a scavenger of reactive 
oxygen species (ROS) (22). We recently demonstrated 
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Figure 2. UCB inhibits TNFα-induced nuclear translocation of NF-κB in H5V cells. (A) Western blots after 30 min of incubation with TNFα 
and/or UCB. NF-κB was detected using a p65 NF-κB antibody. The purity of the cytoplasmic fraction of NF-κB was confi rmed by anti-P84 
antibody. TNFα stimulated translocation of NF-κB from cytoplasm to nucleus, which was inhibited by UCB. (B) The density of each specifi c 
band was scanned and quantifi ed with an imaging analyzer, and normalized by actin. The bars show the normalized densities (mean ± SD of 
three reproducible experiments) relative to the cytoplasmic and nuclear fractions of the non stimulated cells, set at 1.0. *: p < 0.05 versus non 
stimulated controls.

Figure 3. UCB does not affect CREB phosphorylation in H5V cells. TNFα induced CREB phosphorylation at Ser 133. UCB, either alone or 
in cotreatment with TNFα did not affect CREB phosphorylation. Phosphorylation of CREB was detected by Western blot analysis of cell lysate 
obtained after 15 min of incubation with TNFα and/or UCB, using an antibody that recognizes the form of CREB phosphorylated at Ser 133 and 
an antibody that recognizes both forms of CREB. The density of the specifi c band was scanned and quantifi ed with an imaging analyzer. The 
numbers show the normalized ratio of phosphorylated CREB to total CREB (mean ± SD of three reproducible experiments) in TNFα stimulated 
cells, relative to the ratio in the unstimulated cells, set at 1.0.
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that unbound bilirubin at a concentration, similar 
to the plasma Bf levels found in humans with mild 
unconjugated hyperbilirubinemia (Bf, 15 and 30 nM) 
(23,24) and therefore clinically relevant, blunts the 
over-expression of E-selectin and VCAM-1 mRNA 
induced by TNFα (13).

Several signalling pathways are involved in 
regulating the gene expression of these adhesion 
molecules, especially NF-κB (25,26) and CREB (10,27). 
E-selectin, ICAM-1, and VCAM-1 are known to 
share many common regulatory mechanisms, but only 
partially the NF-κB signal transduction pathway (7,28), 
for which UCB is known to be a modulator (29). In 
H5V cells, the TNFα-stimulated nuclear translocation 
of NF-κB was inhibited by UCB, confirming that UCB 
can affect the NF-κB regulatory pathway, probably 
through an interaction with IKK proteins (30).

We found that PDTC, an IkBα inhibitor that prevents 
the release of p65 NF-κB (31), has an additive effect on the 
UCB- induced inhibition of TNFα-induction of adhesion 
molecules. This finding indicates that bilirubin may act 
through NF-κB signalling cascade. Although CREB is 
involved in the upregulation of VCAM-1 and E-selectin 
gene expression induced by TNFα (10,27), we did not 
observe any influence of UCB on the phosphorylation of 
CREB induced by TNFα. Thus, CREB probably does not 
mediate the influence of UCB on the expression of the 
adhesion molecules in H5V cells.

In summary, our data indicate that UCB limits the 
over-expression of adhesion molecules and inhibits 
the PMN endothelial adhesion induced by the pro-
inflammatory cytokine TNFα, even though UCB itself 
does not alter expression of these adhesion molecules 
(13). This effect is in part mediated by modulation of 
the NF-κB transcription factor. These results provide 
molecular support to the concept that modestly elevated 
concentrations of UCB, as in Gilbert's syndrome (14), 
may help prevent atherosclerotic disease, as suggested 
by epidemiological studies.
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Summary

Original Article

In common with other diagnostic tests, colonoscopy has a false negative rate which is 
infrequently assessed. The available literature suggests that lesion miss rate is higher for 
proximal colonic tumors. A total of 367 patients were diagnosed with cancer of the colon 
and rectum over a period of 2 years. Ninety-two of these patients had tumors proximal 
to the splenic flexure. Their 5-year pre-diagnosis colonoscopic exposure was analyzed. 
The primary end-point of this study was to confirm the false negative colonoscopy rate in 
patients subsequently diagnosed with cancer of the proximal colon. The secondary end-
point was to assess the effects of diagnostic delay on tumor stage and presentation. In the 
group of patients with proximal colon cancer (n = 92) we identified 10 patients (11%) who, 
as a result of incomplete (2 cases) or falsely negative (8 cases) colonoscopies, suffered a 
median diagnostic delay of 17 months (range 3-60). At diagnosis, 4 of these patients had 
Dukes' D caecal cancer, 4 had Dukes' C caecal cancer and 2 had Dukes' B transverse 
colon cancer; 3 presented with perforated tumours and 1 with intestinal obstruction. In 
this small subgroup of patients therefore 40% presented with emergency complications 
compared to 8% in the rest of the group with proximal cancers (p < 0.01). Missed cancers 
are more likely to present with complications. This study highlights the importance of 
recognition of an incomplete examination and the adverse impact of missed diagnosis on 
subsequent presentation.

Keywords: Colonoscopy, colon cancer, adenomatous polyps, quality assurance

1. Introduction

White light colonoscopy is considered to be the 
gold standard investigation for colorectal neoplasia. 
Diagnosis is made by direct visualization and tissue 
sampling for histological analysis. The accuracy 
of conventional colonoscopy may be enhanced by 
various adjuncts such as dye spray, fluorescent and 
narrow band techniques. Moreover, endoscopy lends 
itself well to snare polypectomy which has been 
proved in a landmark study to reduce the incidence of 
invasive cancer (1). Moreover, mucosal resection and 
dissection and laser endotherapy, may be employed 
to ablate suitable neoplastic lesions. The number 

of colonoscopies being performed is steadily rising 
particularly with the advent  of colorectal cancer 
screening.

Colonoscopy carries a definite complication rate and 
on occasions these complications may be serious and 
life-threatening. Thus, patients who have an inadequate 
examination are denied its benefits, while being 
exposed to its risks. In theory, colonoscopy practice is 
difficult to assess objectively. An infrequently used but 
accurate technique is tandem colonoscopy (also known 
as back-to back colonoscopy), whereby, two successive 
colonoscopies are performed on the same patient on the 
same day (2,3). Pooled adenoma miss rates from studies 
employing this technique, are in the region of 22% for 
all polyps; broken down into 2.1% for adenomas equal 
to or larger than 10 mm and 26% for those 1 to 5 mm 
in size (4). Retrospective studies suggest that the miss 
rates for colonic neoplasia are higher for more proximal 
lesions with missed cancer rates of 4 to 5.9% in the 
right colon (5,6).
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2. Materials and Methods

An analysis of our prospective colo-rectal cancer audit 
database was performed. Three hundred and sixty-
seven subjects were diagnosed with cancer of the 
colon and rectum in the period from January 2004 to 
December 2006, and therefore, before the introduction 
of colorectal cancer screening. The endoscopy 
(Endoscribe® and Unisoft®), operation and pathology 
records of these patients were then analyzed. The study 
was subsequently focused on 92 patients with cancers 
situated proximal to the splenic flexure and, therefore, 
inaccessible to conventional flexible sigmoidoscopy.  
 We determined the colonoscopic exposure of these 
patients in the five years preceding cancer diagnosis. 
In our study we employed the adenoma-carcinoma 
progression, originally postulated by Fearon and 
Vogelstein, as the model for colonic carcinogenesis (7). 
A recent analysis has calculated the median duration of 
this transition (i.e. from large adenoma to carcinoma) at 
5.27 years, hence our choice of the five-year period (8).
 The primary end-point of our study was to determine 
the false-negative colonoscopy rate in patients 
subsequently diagnosed with proximal colon cancer. 
Our secondary end-point was to confirm the effect of 
diagnostic delay on tumor stage and presentation at 
diagnosis.

3. Results

Figure 1 illustrates the distribution of all proximal 
colon cancers in the study group and the sites of missed 

cancers. Ten out of the 92 patients (11%) with proximal 
colon cancer had a previous colonoscopy 3 months to 
5 years prior to cancer diagnosis (median diagnostic 
delay of 17 months). Table 1 depicts the details of these 
ten patients. In the first two patients colonoscopy was 
perceived to be incomplete by the operator because the 
caecal landmarks were not reliably identified; in one 
patient the bowel preparation was inadequate and in the 
other colonoscope advancement was impossible due to 
unmanageable looping and patient discomfort. The other 
eight patients had undergone a complete colonoscopy 
which was reported normal and we, therefore, termed 
these true false-negative colonoscopies. The actual 
false-negative rate for patients with proximal colon 
cancer in our study was, therefore, 8.7%.
 Table 1 shows that 4 out of these 10 patients (i.e. 
40% of patients with missed lesions) presented as 
an emergency (obstruction or perforation). This is 
in marked contrast to 7 emergency presentations in 
the remaining 82 patients (8.5%) who had no prior 
colonoscopy (p < 0.01).
 When the two groups were compared for age, 
gender, Duke stage, extra-mural tumor vascular invasion 
and plasma C-reactive protein concentration, we did not 
register any useful statistically significant associations.

4. Discussion

Colonoscopy is an expanding practice and in the 
setting of colo-rectal cancer screening, it is leading to 
a re-design of service provision. Rising numbers of 
referrals have to be matched by qualified endoscopists 
supported by trained nursing staff and colorectal 
specialists, working within modern institutions. In the 
United Kingdom, the Joint Advisory Group has clear 
guidelines pertaining to training and accreditation 
in colonoscopy. The Group encourages attendance 
to training courses and this is supported by at least 
one study which suggests that such courses lead to 
sustained improvement in colonoscopy skills (9). Clear 
identification of caecal landmarks should be achieved 
in at least 90% of procedures. Given a satisfactory level 
of training and experience, failure to achieve such a 
percentage is multi-factorial, ranging from inadequate 
bowel preparation, endoscope looping, recognition of a 

Figure 1. Distribution of cancers, including missed lesions, 
within the proximal colon.
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Table 1.  Patients with missed proximal colon cancers

     Site

Caecum
Caecum
Caecum
Caecum
Caecum
Caecum
Caecum
Caecum
Transverse
Transverse

Reason for delay

    Poor prep
    Technical
    False-ve
    False-ve
    False-ve
    False-ve
    False-ve
    False-ve
    False-ve
    False-ve

Delay (months)

          24
          16
          60
          16
          18
          27
          13
            3
          27
          14

Duke stage

      D
      C
      D
      D
      D
      C
      C
      C
      B
      B

Presentation

Peforationm
Elective
Elective
Obstruction
Elective
Elective
Elective
Peforationm
Obstruction
Elective
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complication and the distressed patient. In addition, our 
unit has recently demonstrated that completion rate is 
lower in patients being investigated on in-patient basis 
and this cannot be entirely explained by poor bowel 
preparation alone (10). Magnetic imaging in the form of 
the Scope-guide® (Olypmus Optical Company) has been 
shown to improve caecal intubation rates in both trainee 
and established endoscopists (11). It is clearly important 
that the colonic mucosa is inspected during careful 
withdrawal of the instrument (12).
 The methodology of our study is simple, its main 
limitation being our assumption that the cancers which 
we have classified as "missed" were arising in line 
with the well known adenoma – carcinoma sequence. 
This assumption necessarily excludes the other theory 
of colonic carcinogenesis, namely non-polypoid or de 
novo colon carcinogenesis (13). De novo cancers tend 
to be small, flat or depressed, progress rapidly and have 
a tendency to be located proximally in the colon (14,15). 
They may account for as many as 40% of all colo-rectal 
malignancies and, therefore, merit due consideration. 
It has to be said, however, that all the missed tumors in 
our study had exophytic and/or polypoid features which 
are in general not in keeping with de novo cancers.
 We derive two main conclusions from our study. 
Firstly, a significant number of patients with colon 
cancer will have had a reportedly normal colonoscopy 
prior to having a confirmed diagnosis. Secondly, 
as a group, these patients are more likely to present 
with sequalae on an emergent basis. We, therefore, 
recommend regular audit and appraisal of colonoscopy 
practice.
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item. These articles should function 
as an international news source 
with regard to topics in the life 
and social-sciences and medicine. 
Submissions are not restricted to 
journal staff anyone can submit 
news articles on subjects that would 
be of interest to BioScience Trends 
readers.
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Letters should not exceed 800 
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Preparation of text. Manuscripts 
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as a Microsoft Word (.doc) file in a 
single-column format. Manuscripts 
must be paginated and double-
spaced throughout. Use Symbol 
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not import the figures into the text 
file but indicate their approximate 
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smaller than 5 MB in size.

Title page. The title page must 
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indicating to whom correspondence 
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Materials and Methods. Subsections 
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protocols may be simply referenced. 
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pr inciples  of  the Declarat ion 
of Helsinki and expects that all 
research involving humans will 
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with these principles. All laboratory 
animal studies must be approved 
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Board(s).
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to support the conclusions of the 
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presentation. All figures, tables, and 
photographs must be referred in the 
text.
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Tables. All tables should have a 
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