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inTroDuCTion
Tenascin-C is an extracellular matrix glycoprotein. It shows 
little or no expression in healthy adult tissues, but re- 
expressed upon tumor angiogenesis and metastasis.1 Tena-
scin-C concentrations have been associated with numerous 
aggressive cancers, such as breast cancer,2 pancreas cancer,3 
glioblastoma4 and so on. Tenascin-C may alter cell matrix 
that may facilitate epithelial tumor cell invasion during 
carcinogenesis.5 Tenascin-C amino-acid sequence also 
shows epidermal growth factor-like repetitions, which was 
related with tumor angiogenesis and metastasis.6 Thus, 
tenascin-C is believed to be a multifunctional robust tumor 
marker.

Tenascin-C has been reported to be higher in invasive 
cancers than cervicitis and squamous intraepithelial 
lesions.7 It represents proliferative activity of the epithe-
lium.8 For the clinical suspected cervical cancer patients 
with difficulty in preoperative tumor sampling or nega-
tive pathology results, high tenascin-C expression may be 
important in supporting malignancy.

Lymph node metastasis is very common and important 
for patients with cervical cancer since it influences 
5-year survival rate and affects treatment.9 Pelvic MR is 
commonly used to delineate the size, position, and stage 
of cervical cancer.10 But the sensitivity and specificity for 
node metastasis detecting is not very effective.11 Especially 
in detecting lymphatic metastasis in normal-sized and 
normal-shaped nodes.12 Tenascin-C expression level in 
cervical cancer patients with lymph node metastasis has not 
been researched before, but was important and meaningful. 
Then how to accurately evaluate cervical cancer invasive-
ness from MR? Functional protein targeted MRI may be 
further researched.

Therefore, we focused on two main objectives: (1) to 
compare tenascin-C expression difference among normal 
cervix and cervical cancer with or without node metas-
tasis (2) to detect the tumor tissue signal changes on 
MR after incubated with superparamagnetic iron oxide 
(SPIO)-antitenascin-C.
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objective: To detect cervical cancer and compare 
tumor invasiveness using a molecular targeted  
probe.
Methods: Tenascin-C expression was evaluated in 15 
specimens. Five of them were cervical cancer with node 
metastasis (group A), five were cervical cancer without 
node metastasis (group B), and another five were 
normal cervix tissues (group C). Superparamagnetic 
iron oxide (SPIO) nanoparticles and tenascin-C antibody 
were conjugated as an MR probe. After the fresh tissues 
incubated with the probe for 24 h, MR was performed to 
analysis the tissue signal changes.
results: Cervical cancer tissues with node metastasis 
showed highest tenascin-C expression, while normal 
cervix showed little expression. For the non-metastatic 

cervical cancer patients, tenascin-C showed moderate 
expression. Tenascin-C was found diffusely in the 
stromal surrounding malignant tumor cells. After MR, 
the image signal changes (contrast-to-noise ratio) kept 
consistent with tenascin-C expression and showed 
statistical difference between the three groups (A: 3.87 
± 1.45 vs B: 2.33 ± 1.04 vs C: 0.66 ± 0.31; p = 0.002).
Conclusion: Tenascin-C expression can help to detect 
cervical cancer. MRI with SPIO-antitenascin-C may 
be used to evaluate the preoperative cervical cancer 
patients with node metastasis.
advances in knowledge: Tenascin-C expression can help 
to detect cervical cancer and compare cancer invasive-
ness. Protein expression difference can be captured and 
compared on MR with SPIO-antitenascin-C.
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MeThoDS anD MaTerialS
Patients and tissue samples
After hysterectomy, we cut the tumor tissue of about 1 cm3 in the 
middle of the tumor. The same size of tissues were also cut from 
normal cervix. These samples were divided into three groups: A, 
cervical cancer with lymph node metastasis; B, cervical cancer 
without lymph node metastasis; C, normal cervix.

The whole research process was listed in the flow chart (Figure 1).

Histological analysis
These methods were used to verify tenascin-C expression 
difference:

Western blotting
Tissue were harvested into homogenizer containing protease and 
phosphatase inhibitors. Protein samples were separated by 10% 
sodium dodecyl sulfate polyacrylamide gel electrophoresis, then 
transferred onto polyvinylidene fluoride membranes (Millipore, 
Billerica, MA), blocked with Tris-Buffered Saline Tween TBST 
containing 5% skimmed milk for 1 h at 37°C. And reacted with 
primary antibody rabbit antitenascin-C antibody (1:500, Abcam, 
Cambridge, MA), and mouse anti-β-actin antibody (1:5000, 
Abcam, Cambridge, MA). After being washed in TBST at room 
temperature, visualized with electrochemiluminescence detec-
tion kit (Amercontrol Biosciences, London, UK).

Immunohistochemical staining
The primary antibody was rabbit anti rat antitenascin-C. The 
tissue was covered with 5% bovine serum albumin (BSA) and 
diaminobenzidine staining for 10 min.

Immunofluorescence staining
The tissue was covered with 5% bovine serum albumin, the 
primary antibody was rabbit anti rat antitenascin-C (1:200) 
and anti-CD34 (1:200). After added second antibody 488-Alex 
(1:400), 4',6-Diamidine-2'-phenylindole DAPI was incubated for 

10 min. The red color represent the expression of tenascin-C. The 
blue color represent tumor cell nucleus.

Prussian blue staining
Prussian blue staining was used to prove the probe existence 
in the tissues. Perls solution was prepared with 2% sodium 
cyanide ferrous mixes with 2% hydrochloric acid. After 30 min 
of staining, the tissue was kept in 0.5% neutral red dye water for 
2 min.

Preparation and characteristics of SPIO-
antitenascin-C
Fe2O3-Dimercaptosuccinic acid (2.7 mg ml−1, 0.2 mg) were 
added into 10 μl borate saline buffer. 1-(3-dimethylaminopro-
pyl)−3-ethylcarbodiimide hydrochloride (10 mg ml−1) and 
sulfo-N-hydroxysuccinimide (10 mg ml−1) were added together 
to a 15 min shaker. 200 mg tenascin-C antibody which has been 
dialyzed for 48 h and was added and then shacked for 2 h. The 
characteristics including appearance, Zeta potential, size distri-
bution. The liquid was observed with naked eye and put together 
with magnetic to show the magnetism characteristic. Zeta poten-
tial was measured using instruments (Malvern Instruments, 
Malvern, UK). The average core size and morphology were 
observed and measured using transmission electron microscope 
(TEM-1010, Japan).

MR images acquisition
MRI examinations were performed using a 3.0 T MRI scanner 
(MAGNETOM TrioTim, Siemens, Erlangen, Germany) with 
employing 8-channel head phased array coil. Images were 
obtained with a proton density (PD) weighted images. FOV read 
was 120 mm, FOV phase was 100%. The images were acquired 
axis and sagittal view with 1 mm thickness of each slice. The total 
slices was 18. The echo time was 31 ms, repetition time was 2800 
ms.

Figure 1. Flow chart of experiment process. LN, lymph node; SPIO, super paramagnetic iron oxide; TN-C, tenascin-C.
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Each tissue was put in the cryovial. After washed with phosphate 
buffered saline for three times, they were scanned immediately 
before incubation.

The synthesized SPIO-antitenascin-C (0.67 mg ml−1, 0.05 ml) 
was incubated with the fresh tissue for 24 h under 37°C. Then 
washed with phosphate buffered saline for three times. Then 
tissues were put in the cryovial and scanned again under the 
same condition with the same MR sequence.

MRI data processing
Signal intensities were measured manually in our picture 
archiving and communication systems system, by drawing a 
region of interest (diameter 5 mm) in the center of the tissue 
to avoid signal disturbance. Contrast-to-noise ratio (CNR) was 
calculated as [CNR= (SIbef – SIaft)/ SIair], where SIbef represents 
the signal intensity of tissues before incubation, SIaft represents 
the signal intensity of tissues after incubated for 24 h, and SIair 
represents the signal intensity of air as background noise.

Statistical analysis
All data were reported as mean ± standard deviation. All analyses 
were performed using SPSS18.0 software. Tenascin-C expression 
comparison and signal changes on MRI use one-way ANOVA 
and pairwise comparison was conducted if the difference was 
statistically significant. Statistically significant was considered as 
p < 0.05.

reSulTS
Tenascin-C expression level comparison
Tenascin-C was mainly expressed in the stromal of cervical 
cancer with lymph node metastasis (Figure  2A1–A3). The 
white arrow pointed to the tumor and metastatic lymph node 
(Figure 2A4,A5). For the non-metastatic cervical cancer patients, 
tenascin-C showed moderate expression (Figure  2B1–B3). The 
white arrow pointed to the tumor (Figure  2B4). No obvious 
enlarged metastatic nodes can be seen (Figure 2B5). The normal 
cervix showed only a little expression (Figure 2C1–C3). Multiple 
myoma can be seen without enlarged nodes (Figure  2C4,C5). 
Tenascin-C was found diffusely in the stromal surrounding 
malignant tumor cells.

Characteristics of SPIO-antitenascin-C
The probe appears to be clear and transparent brown liquid with 
naked eye, which showed strong magnetic properties when put 
together with the magnet (Figure 3A). The SPIO-antitenascin-C 
molecular probe presents with a spherical core shell structure 
with an average core diameter of 41.3 nm (Figure  3B,C). Fe 
concentration of probe was 0.67 mg ml−1 with 0.02 mg ml−1 anti-
body concentration. The Zeta potential distribution was demon-
strated −27.7 mV (Figure 3D).

MR imaging of tenascin-C and statistical analysis
Tissues signal intensity before incubation did not show statistical 
difference (A: 1.40 ± 0.15 vs B: 1.52 ± 0.12 vs C: 1.39 ± 0.13) × 10−3; 
(p = 0.251). After incubated with the probe, tumor tissues with 

Figure 2.  (A) Cervical cancer with node metastasis in 64-year-old females. (B) Cervical cancer without node metastasis in 
48-years-old female. (C) Multiple uterine myoma in 40- years-old females with menstrual disorder. (A1, B1, C1) Western blotting 
of tenascin-C, tissue A presented marked expression. (A2, B2, C2) Immunohistochemical staining of tenascin-C, tissue A and B 
showed greater cellular density, enlarged nuclei and more tenascin-C expression. (A3, B3, C3) Immunofluorescence staining of 
the expression of tenascin-C. More tenascin-C expression was seen in tissue A. (A4, B4) White arrow pointed to the tumor. (C4) 
Multiple myoma can be found. (A5) White arrow pointed to the enlarged metastatic lymph node. (B5, C5) No enlarged lymph 
node can be seen. TN-C, tenascin-C.
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node metastasis showed obvious signal decrease (Figure  4A). 
Tumor tissues without node metastasis showed moderate signal 
decrease. Normal cervix showed little signal decrease (Figure 4B). 
They showed statistical difference between the groups (A: 0.92 ± 
0.14 vs B: 1.19 ± 0.12 vs C: 1.30 ± 0.11) × 10−3; (p = 0.001). The 

signal decrease CNR was (A: 3.87 ± 1.45 vs B: 2.33 ± 1.04 vs C: 
0.66 ± 0.31; p = 0.002). (Table 1, Figure 5)

Prussian blue staining verified the existence of SPIO inside the 
tumor tissues (red arrows). More blue dots which stand for 

Figure 3.(A) Strong magnetism of the synthesis liquid. (B) The size of the probe is about 42.3 nm. (C) Under the TEM, the probe 
appears spherical particles, uniform distribution and good dispersibility. (D) The Zeta potential distribution of the probe is −27.7 
mV. TEM, transmission electron microscopy.

Figure 4. (A) Cervical cancer tissue with node metastasis incubated with the probe for 24 h. The tissue showed marked signal 
decrease and prussian blue staining verify the existence of targeted probe in the tumor (arrows). (B) Normal cervical tissue incu-
bated with the probe for 24 h. A little signal decrease kept consistent with little dot on prussian blue staining (arrows).
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more probes can be find in the tumor tissue than normal cervix. 
(Figure 4C,D)

DiSCuSSion
In our study, the expression of tenascin-C was upregulated 
in the cervical cancer tissues. Cancer tissues with lymph node 
metastasis showed much higher expression than non-meta-
static tissues. Protein expression difference can be captured 
and compared on MR with specific targeted probe. Tenascin-C 
targeted MRI can provide more accurate information for the 
occurrence of cervical cancer, preoperative cancer invasiveness 
evaluation and prognosis.

Development of metastasis requires not only cancer cell: increase 
motility and invasiveness, entry and survival in blood circulation 
and resistant to autoimmunity.13 But also supportive signals from 
the surrounding microenvironment.14 Tenascin-C’s function is 
noteworthy and spans activities such as regulation of adhesion 
and migratory mechanisms, promotion of angiogenesis and 
modulation of immune responses.15,16 The upregulation of tena-
scin-C in the cancer microenvironment can facilitate stromal 
formation and promote metastatic colonization.17,18 Hence, 
many reports have suggested a supportive role for tenascin-C in 

tumor metastasis. Weidong Ni et al reported that tenascin-C in 
prostate cancer stromal was significantly correlated with lymph 
node metastasis and clinical stage.19 But the tenascin-C expres-
sion with lymph node metastasis in cervical cancer has not been 
researched before. Tenascin-C has been proved to increase in 
invasive cervical cancer but showed no value in distinguishing 
various cervical intraepithelial neoplasia grades.20,21 We 
think the importance of tenascin-C expression difference is in 
detecting malignant cervical cancer and in distinguishing cancer 
invasiveness. Our research showed highest expression of tena-
scin-C in cervical cancer tissues with lymph node metastasis 
compared with cervical cancer tissues without metastasis and 
normal cervix.

Lymph node metastasis detection influences treatment and 
affects 5-year survival rate.22 There are many kinds of methods 
to assess lymph node metastasis in cervical cancer patients. Blue 
dyes and 99Tc have been used for mapping with sentinel lymph 
node biopsy in cervical cancer, with an overall sensitivity and 
sentinel lymph node detection rate of over 90 %.23 However, 
blue dyes cause discoloration of skin and urine, a decrease in 
pulse oximetry readings and, occasionally, severe allergic reac-
tions.24,25 99Tc is radioactive and rather complicated.26 Photon 
emission CT (PET/CT) is another commonly used method, but 
the efficacy is not established and has limitations associated with 
the correct region of metastatic lymph node.27 Tenascin-C is a 
protein not used to show the accurate location of the metastatic 
nodes, but to detect the invasive cervical cancer with a higher 
metastatic potential. Then, lymphadenectomy is recommended 
even though the node is not enlarged on MR.

Since tenascin-C is a marker for lymph node metastasis in 
cervical cancer. Then, how to easily capture this marker on visible 
images is of great practical value. One paper researched radiola-
beled tenascin-C with (18)F and (64)Cu provided clear visual-
ization of the tumor in mice.28 This provided a photon emission 
tomography imaging method with tenascin-C. For cervical 
cancer, MRI is the most commonly used method: such as stage 
the primary tumor, monitor response to treatment, detect recur-
rence, and in radiotherapy planning.29 Therefore, we focused on 
MR targeted imaging and extend the expression level with tumor 
invasiveness. MR probe targeted tenascin-C can not only depict 
the original cervical cancer, but also move forward to signal out 
the metastatic lymph node. This molecular targeted imaging can 
help to pick out the cervical cancer patients with difficulty in 
preoperative tumor sampling or with negative pathology results. 
The operative strategy can be considered together with the tena-
scin-C expression level and MR signal changes. In future clinical 

Table 1. Signal decrement comparison on MR images

Cervical cancer with metastasis Cervical cancer without metastasis Normal cervix p-value
SI before (×10−3) 1.40 ± 0.15 1.52 ± 0.12 1.39 ± 0.13 0.251

SI after (×10−3) 0.92 ± 0.14 1.19 ± 0.12 1.30 ± 0.11 0.001a

CNR 3.87 ± 1.45 2.33 ± 1.04 0.66 ± 0.31 0.002a

CNR, contrast-to-noise ratio; SI, signal intensity.
ap < 0.05

Figure 5. MR signal decrement comparison among the three 
groups. Group A: cervical cancer with lymph node metas-
tasis showed highest signal decrease. Group B: cervical 
cancer without lymph node metastasis showed moderate 
signal decrease. Group C: normal cervix showed least signal 
decrease. CNR, contrast-to-noise ratio.
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