
Introduction 

Cervical cancer is one of the most common gynecologic

malignant cancers in female reproductive system with a

mortality rate ranking third in the female cancer deaths.

Globally, there are 370,000 new cases of this disease every

year [1]. Epidermal growth factor receptor (EFGR) is a key

factor in the genesis and development of cancers with a

vital role in cell proliferation, apoptosis, and metastasis.

Researchers also found that expression of the EGFR is

often increased in cervical dysplasia and carcinoma, and

the human papillomavirus (HPV) oncoproteins stimulate

cell growth via the EGF-R pathway [2], and changes in ac-

tivity is one of the important factors leading to carcinogen-

esis, development and cancer metastasis [3].

LRIGs are a type of group of newly discovered genes,

including three members: LRIG1, LRIG2, and LRIG3,

among which LRIG1, considered to be a cancer suppres-

sor gene, can play its negative regulation role in tumors of

epithelial origin through negative feedback regulation

growth factor signal [4, 5]. Given that LRIG3 is rich in

leucine repeated sequences extracellularly, and its struc-

tural composition is also similar to that of LRIG1, there-

fore, it is believed that its functions are probably similar to

that of LRIG1. There are few reports on the study of

LRIG3, hence in this paper, the immunohistochemistry

method was used to examine LRIG3 and EGFR protein ex-

pressions in cervical squamous cell carcinoma (CSCC),

cervical intraepithelial neoplasia (CIN), and normal cervi-

cal epithelium (NCE) to explore the relationship between

LRIG3 and CSCC. By using the antisense nucleotide tech-

nology, LRIG3 expressions in Hela229 cell of CSCC was

inhibited, thus detecting its effect on EGFR expressions and

cell proliferation and invasiveness, further exploring the

role of LRIG3 in the genesis and development of CSCC.

All the achievements in this paper will provide theoretical

basis for molecular targeted therapy in CSCC.

Materials and Methods 

Research objects
Cervical mucosa tissues of CSCC or suspected patients who

were diagnosed in the First Affiliated Hospital of Zhengzhou Uni-

versity from January 2009 to November 2011, were collected, in-

cluding tissues of 45 patients with CSCC, tissues of 20 patients

with CIN, and tissues of 30 patients with NCE, who were diag-

nosed as the normal cervix or chronic cervicitis by operation

biopsy. Specimens, fixed in 10% formalin and dehydrated con-

ventionally, were cut into slices after paraffin embedding.

No immunosuppressive therapy, radiotherapy, and chemother-

apy were given in patients before operation, all CSCC, HE sliced

by the hospital pathologist, were confirmed such.

Patients’ general conditions: all patients had complete clinical

and pathological data, and had signed informed consent with pa-

tients before employing their medical records. The CSCC group

aged 31-73 years, with the average age 44.6±15.8 years, among

which there were 21 cases with an age less than 45 and 24 cases

equal or more than 45 years. With regards to tumor diameter, there
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were 29 cases with that more than four cm and 16 cases less than

four cm; there were 26 patients with tumor interstitial infiltration

depth ≥ 1/2 of the muscle layer, and 19 patients < 1/2 of the mus-

cle layer. According to the clinical staging criteria designated by

the International Federation of Gynecology and Obstetrics (FIGO,

2000), there were 18 cases in the first stage, 17 cases in the sec-

ond stage, and ten cases in the third or fourth stage. Meanwhile,

there were 19 cases with lymph node metastasis and 26 cases

without. CIN group aged 29-68 years with an average age of

41.5±13.6 years, among which there were 12 cases in the I-II

grade and eight cases in the III grade. Influences of weight, age of

the first pregnancy, pregnant times, menstrual cycle, and other

factors were excluded. The ages of NCE group were 32-74 years

with an average age of 48.9 ± 11.4 years.

Detection of LRIG3 and EGFR expressions in CSCC, CTN, and
NCE groups by immunohistochemistry

Immunohistochemical staining procedures were conducted fol-

lowing the manufacturer’s instructions of SP series kit.

Determination of the results: immunohistochemical positive re-

sult assumed a brown-yellow staining. LRIG3 staining area mainly

concentrated in the cell membrane or in the cytoplasm, while EGFR

was located in the cell membrane and/or cytoplasm. Two patholo-

gists, who were completely unaware of any clinical and pathologi-

cal data of the samples, made the decision about the results according

to the uniform scoring standard and the doubt-blind method. A two-

level scoring method was adopted to determine the samples with

positive expression. The concrete scoring method was according to

the percentage of the number of positive cells accounting for the

number of total cells: 0 points, when the proportion of positive cells

<1%; 1 point, 2%~25%; 2 points, 26%~50%; 3 points, 51%~75%;

4 points, >75%. Staining intensity scoring: 0 points, no staining of

samples; 1 point, weak staining; 2 points, moderate staining; 3

points, strong staining. The total score was a multiplying result of

scores of the above two methods. Samples were defined as four cat-

egories according to the scores: 0~1, negative (-); 2~4, weak posi-

tive (+); 5~8, positive (++); 9~12, and strong positive (+++).

Detection of LRIG3 and EGFR expressions in Hela229 cell with
ASODN technology

The secondary structure of LRIG3 was stimulated by adopting

RNA structure3.5. Aimed at LRIG3 mRNA, a LRIG3 ASODN se-

quence, a SODN sequence, and a MSODN sequence were designed,

and the three sequences were all under phosphorothioate modifica-

tion. The three designed LRIG3 ODN sequences were listed as fol-

lows: LRIG3 ASODN, 5’–GGTCTCCAATTCATTGTTGT-3’,

LRIG3 SODN, 5’- ACAACAAUGAAUUGGAGACC-3’, and

LRIG3 MSODN, 5’-TTAGCT TTGCTGGATGTCAG- 3’. 

Hella229 cells to be transfected were divided into blank control

group, MSODN group, SODN group, and ASODN group (exper-

imental group), then LRIG3 ASODN, SODN, and MSODN with

250 μg/ml concentration were transfected into Hela229 cells in

vitro, the blank cells were saved for comparison. Collection of the

transfected cells was done, respectively, at 24 hours, 48 hours,

and 72 hours after transfection, and the cell protein was extracted

for Western-blot detection of the amount of LRIG3 and EGFR ex-

pression. GAPDH was used as internal control and band analysis

software was adopted for testing the absorbance to quantify the

concentration of the targeted protein.

MTT method for testing Hela229 cell growth curve
Cells in logarithmic growth phase were shifted into 96 orifice

plate. Once fully covered in the plate, the ODN was transfected

into cells. Meantime, negative control and blank control were set

up, each group with three multiple holes. After reaching the al-

ready setting time (24, 48, and 72 hours), each hole was added

MTT for testing, OD value was evaluated under the 492 nm wave-

length. Calculation of cell growth rate: cell growth rate (%) = [(A

(experimental group)-A (blank group))-(A0-A (blank group))]/

(A0-Ablank group)) ×100%, and A0 was OD492 value in exper-

imental group at the beginning of this experiment.

Detection of cell apoptosis by AnncxinV-FITC/PI double staining
method

Detection of cell apoptosis was done in accordance with An-

ncxinV-FITC/PI kit instruction and the specific steps were as fol-

lows:

1. Respectively, LRIG3 ASODN, MSODN, SODN with 250

μg/ml concentration were transfected into Hela229 cells, which

were cultured in the six orifice plate until 24, 48, and 72 hours,

meantime setting up positive control group (cells added into

apoptosis agent) and negative control group (cells untreated).

2. Then, cells were collected and washed. 1~5×105 cells were

taken out to be resuspended and centrifugated at 100 rpm

for five minutes.The supernatant was abandoned and 500 μl

binding buffer was used to suspend cells.

3. The cell suspension was added into one μl Annexin V-FITC

and five μl propidium iodide, after which incubated at room

temperature away from light for 15 minutes after mixed.

4. Cell cycle was detected by the flow cytometer with the ex-

citation light wavelength 488 nm and the emission light

wavelength more than 630 nm; 10,000 cells were tested and

the operation had to be finished within 30 minutes.

5. Simultaneously, PI and Annexin V-FITC were used for the

single staining of Hela229 cells,which was taken as the

benchmark.

6. Cell Quest software was adopted to analyze the results and

calculate the proportion of cell apoptosis. Determination of

the results included that as follows: cell necrosis area (PI+,

Annexin V-, located in the upper left region), terminal cell

apoptosis area (PI+, Annexin V+, located in the upper right

region), living cell area (PI-, Annexin V-, located in the

lower left region), and early cell apoptosis area (PI-, An-

nexin V+, located in the upper right region).

Testing of cell invasion ability with the transwell chamber method
1. The cells were cultured in serum-free medium, hungry for

12 to 24 hours. After trypsin digestion of cells in different

groups, RPMI1640 medium without fetal bovine serum was

made into cell suspension. Then the cell concentration was

adjusted to 5×105/ml after cell counting.

2. The cryopreserved Matrigel was melted at 4°C, and the pre-

cooling RPMI1640 medium without serum was diluted to

one mg/ml.

3. After two hours’ ultraviolet irradiation of transwell cham-

ber, it was put into 24 orifice plate with 100 μl Matrigel

added into each orifice, and then cultivated for four hours

in the incubator containing 5% CO2 at 37°C.

4. 600μl RPMI1640 medium containing 10% fetal bovine

serum was added to the lower layer of the chamber, while

100 μl cell suspension liquids in different groups was added

to the upper layer of the chamber. The chamber was placed

in the incubator containing 5% CO2 and was cultivated for

24 hours at 37°C.

5. The medium was removed from the upper layer of the cham-

ber, and membrane was taken out. The redundant cells on

Matrigel matrix were gently wiped off with cotton swabs.

Then after washed by PBS buffer for one time, 70%

methanol was used to fix the membrane for 45 minutes and

stained by hematoxylin for five minutes.
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6. Cells which migrated to membrane were observed under the

microscope, and three multiple plates were set up for differ-

ent types of cells, repeated for three times. The total number

of cells in five high power fields for each plate was recorded.

With the average value as the number of transmembrane cells

was used to evaluate the invasiveness of cells.

Data statistics and analysis
Statistical analysis of the whole data was conducted adopting

SPSS16.0 software package. All statistical measurement data are

shown in the form of average number ± the standard deviation.

Chi-squared test was used for the comparison of samples. And t-
test or ANOVA was adopted for comparison among groups. When

p < 0.05, the difference was statistically significant.

Results 

Immunohistochemical analysis of LRIG3 and EGFR in
each group

LRIG3 and EGFR protein expressions in NCE tissues,

CIN tissues and CSCC tissues were examined by immuno-

histochemical method. Figures 1 and 2 show the expressions

of LRIG3 and EGFR in the three groups of tissues. Then

statistical analysis of the LRIG3 and EGFR expressions are

shown in Tables 1 and 2. It indicated that positive expression

of LRIG3 and EGFR in different cervical tissues reached

the extremely significant level. During the process of normal

cervix deteriorating to CIN and CSCC, the amount of

LRIG3 expression gradually decreased, while that of EGFR

was on the contrary (as seen in Figures 1 and 2).

LRIG3 and EGFR expressions in Hela229 cells at differ-
ent time points after transfection

The oligonucleotides were transfected into Hela229 cells

in vitro. At the time point of 24, 48, and 72 hours after trans-

fection, the amount of LRIG3 and EGFR protein was re-

spectively semi-quantitatively evaluated. Results shown in

Tables 3 and 4 indicate that after the LRIG3 ASODN was

transfected into cells, the amount of LRIG3 protein gradually

decreased, while that of EGFR protein gradually increased (p
< 0.05). Compared with other groups, the difference of

LRIG3 and EGFR expressions was significant (p < 0.05 or

p < 0.01). In summary, the operation of ASODN transfected

into cancer cells could reduce the LRIG3 protein level sig-

nificantly and improve EGFR protein expression level.

Effect of LRIG3 antisense nucleotide on Hela229 cells pro-
liferation and apoptosis 

The cell proliferation rate in ASODN group was signifi-

cantly higher than that of the other groups at 24 hours after

LRIG3 ASODN transfection into Hela229 cells. As the ex-

tension of LRIG3 expression suppression time, the cell pro-

Figure 1. — LRIG3 protein expressions in different groups (SP, ×200). A: NCE tissues B: CIN tissues C: CSCC tissues.

Figure 2. — EGFR protein expressions in different groups (SP, ×200). A: NCE tissues B: CIN tissues C: CSCC tissues.
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liferation rate gradually increased (p < 0.05), while that in

MSODN group and SODN group had no obvious changes

(p > 0.05) (Table 5).

After transfection of oligonucleutide into Hela229 cells

in different groups, the cell apoptosis rate in ASODN group

was significantly lower than that of the other groups (p <
0.01). With the extension of transfection time, the cell apop-

tosis rate in ASODN group kept a ever-decreasing trend,

the amount of apoptosis at the time of 48 and 72 hours after

transfection were both lower than that at 24 hours (p < 0.05)

(Figure 3). The above results suggested that through anti-

sense oligonuleutide transfection, the Hela229 cell prolif-

eration rate can be obviously improved and cell apoptosis

rate can be decreased.

Result of Transwell invasion experiment
Hela229 cells, with a 72-hour 250 μg/ml LRIG3 ASODN

transfection, were used in transwell invasion experiment.

The results showed that compared with other groups, the

number of trans-membrane cells in transfection ASODN

group had a significant increase and the difference had sta-

tistical significance (p < 0.05), while the number of trans-

membrane cells in other groups had no obvious difference

(p > 0.05) (as seen in Table 6 and Figure 4). It can be seen

that Hela229 cells transfected by ASODN had a stronger

migration, easier for migration.

Table 3. — Effect of oligonuleotide transfection on LRIG3
protein expression in Hela229 cells.
Time of ASODN group SODN group MSODN group Control group

transfection

24 hours 0.144±0.010 0.233±0.015▼ 0.232±0.021▼ 0.247±0.029▼

48 hours 0.077±0.004* 0.218±0.032▼ 0.221±0.014▼ 0.267±0.017▼

72 hours 0.057±0.004*# 0.227±0.027▼ 0.230±0.023▼ 0.241±0.026▼

Note: *: compared with the expression at 24 hours after transfection, p < 0.05;
#: compared with the expression 48 hours after transfection, p < 0.05;
▼: compared with ASODN group at the same time point, p < 0.05.

Table 4. — Effect of oligonuleotide transfection on EGFR
protein expression in Hela229 cells.
Time of ASODN group SODN group MSODN group Control group

transfection

24 hours 1.474±0.067 1.148±0.089▼ 1.139±0.123▼ 1.012±0.125▼

48 hours 1.720±0.086* 1.172±0.056◊ 1.113±0.104◊ 0.959±0.057◊

72 hours 1.868±0.054*# 1.120±0.096◊ 1.169±0.086◊ 0.936±0.083◊

Note: *: compared with the expression at 24 hours after transfection, p < 0.05;
#: compared with the expression at 48 hours after transfection, p < 0.05;
▼: compared with ASODN group at the same time point, p < 0.05;
◊: compared with ASODN group at the same time point, p < 0.01.

Table 5. — Effect of oliogonuleotide transfection on
Hela229 cell growth rate (x̄ ± s).
Time of ASODN group SODN group MSODN group Control group

transfection

24 hours 2.301±0.446 0.772±0.063◊ 0.714±0.148◊ 0.597±0.099◊

48 hours 6.570±0.424* 0.859±0.073◊ 0.789±0.016◊ 0.668±0.053◊

72 hours 8.752±0.569*# 0.803±0.043◊ 0.881±0.075◊ 0.687±0.033◊

Note: *: compared with the expression at 24 hours after transfection, p < 0.05;
#: compared with the expression at 48 hours after transfection, p < 0.05;
◊: compared with ASODN group at the same time point, p < 0.01.

Table 6. — Experiment of Boyden chamber invasion in dif-
ferent groups (x̄ ± s).
Group Number of trans membrane cells F value p value

ASODN group 246±10

SODN group 168±10▼

MSODN group 177±8▼
54.240 <0.01

Control group 176±6▼

Note: ▼: compared with ASODN group, p < 0.05.

Table 1. — Analysis of LRIG3 protein expression by im-
munohistochemistry.
Group Negative Weak Positive Strong Positive χ2 value 

positive positive rate (%) (p value)

CSCC

group
29 12 4 0 35.36

CIN 32.637

group
6 6 7 1 70.00

(<0.01)

NCE

group
0 9 17 4 100.00

Table 2. — Analysis of EGFR protein expression by im-
munohistochemistry.
Group Negative Weak Positive Strong Positive χ2 value 

positive positive rate (%) (p value)

CSCC

group
9 5 12 19 80.00

CIN 40.382

group
13 5 2 0 35.00

(<0.01)

NCE

group
28 2 0 0 6.67 

Figure 3. — Effects of oliogonuleotide transfection on Hela229

cell apoptosis rate.
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Discussion 

This study gives a detection of LRIG3 and EGFR ex-

pressions in CSCC, CIN tissues, and NCE tissues by im-

munohistochemical method. The results indicated during

the process of normal cervix deteriorating to CSCC, that

LRIG3 expression gradually decreased in cervical tissues,

while EGFR expression gradually increased. It indicates

that LRIG3 may play its biological function through neg-

ative feedback to EGFR. In vitro experiment, LRIG3 ex-

pression level was regulated by adopting antisense

nucleotide technology. It was found that after the LRIG3

expression was inhibited, the EGFR protein expression

level was improved simultaneously. With the extension of

LRIG3 expression suppression time, EGFR expression

level also shows an ever-increasing trend. In terms of

CSCC Hela229 cell proliferation and apoptosis, the

growth rate of cells with suppressed LRIG3 expression

rises, the apoptosis rate decreases, and the migration abil-

ity becomes stronger than that of other groups (p < 0.05).

These results show that after the suppression of LRIG3

gene expression, Hela229 cell proliferation ability and in-

vasion ability has significantly enhanced, along with the

rise of EGFR expression level. Therefore, it is considered

that LRIG3 shows a negative feedback regulation to

EGFR expression, LRIG3 may be able to suppress the

genesis and development of cervical squamous cell carci-

noma or have a certain reversal function to the aggressive

development of CSCC.

Currently, researches on LRIGs abnormal expression

mostly focus on LRIG1. Compared with the normal tis-

sues, decreases [6, 7] of LRIG1 protein and mRNA were

found in prostate cancer cells, renal cancer cells, colon

cancer cells, and so on, which indicates a close relation-

ship between LRIG1 and the genesis and development of

tumors. Few studies on the relationship between LRIG1

and tumor have been reported so far. However there is cer-

tain similarity between LRIG3 and LRIG1 in terms of

protein structure, and they may be similar in function.

Moreover, the located region of LRIG3 gene on human

chromosome was the disease-prone parts of human tumor

gene deletion. Therefore, a preliminary inference can be

conducted that LRIG3 may have close relationship with

the genesis of some certain human tumor. Muller et al.
conducted a study of human cervical adenocarcinoma,

which indicated that high staining intensity of LRIG1 and

high fraction of LRIG3-positive cells were significantly

associated with patient survival, and positive correlations

were found between LRIG1 and LRIG3 staining intensity

and HPV status [8]. In the study of astrocyte tumor, it was

found LRIG3 has close relationship with tumor prolifer-

ation index, tumor grading and patients’ survival rate, and

it is an independent prognostic factor [9]. Cai et al. [10]

designed shRNA targeting LRIG3 by employing RNA in-

terference technology. As the result of shRNA transfected

into GL15 cells, it was found that the decrease of LRIG3

expression, suppression of cell proliferation and increase

Figure 4. — Transmembrane

cells of transwell chamber in-

vasion in different groups. A:

ADSODN group; B: SODN

group; C: MSODN group; D:

Control group.
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of cell apoptosis appeared simultaneously. So it was in-

ferred that LRIG3 suppress tumor perhaps by regulating

EGFR signal system. In this experiment, LRIG3 shows a

low expression in CSCC, while EGFR shows high ex-

pression. There is a close relationship between

EGFR/LRIG3 and the genesis of CSCC. Meanwhile it

also demonstrates when LRIG3 expression is inhibited,

EGFR expression rises. That is to say, LRIG3 presents

negative feedback regulation of EGFR expression with

tumor cell proliferation and invasion abilities are en-

hanced. All of these facts indicate gene LRIG3 can inhibit

cell proliferation ability raised by EGFR. The anticancer

role of LRIG3 may come into play through EGFR signal

pathway. The negative feedback regulation of EGFR by

LRIG3 can be completed through the following ways [11,

12]: (1) decrease of receptor sensitivity caused by too

much phosphorylation; (2) internalization of ligand-re-

ceptor complexes; (3) inhibition of intracellular and trans-

membrane protein; (4) proteolysis of some special signal

transduction proteins.

Though the mechanism of negative feedback has not

been very clear, it is undoubted that LRIG3 produces ef-

fects on the genesis and development of tumor by acting

on EGFR signal pathway. Therefore, research work in the

next step can be focused on the specific ways of LRIG3

regulation on EGFR expression or the study of regula-

tory path.

In conclusion, analysis of combining LRIG3 with EGFR

may provide a new reference standard for the diagnosis of

CSCC and a new approach to cervical cancer molecular tar-

geted treatment.
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