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Abstract
Background: Annexin A1, a member of the Annexin superfamily, has been shown to 
play a vital role in a broad range of molecular and cellular processes. This study aims to 
explore the relationship between the Annexin A1 expression and the clinical response 
to cisplatin, docetaxel and 5-fluorouracil (TPF) as induction chemotherapy in patients 
with oral squamous cell carcinoma (OSCC).
Methods: This study recruited two hundred thirty-two patients from a III/IVA OSCC 
trial. Immunohistochemistry was used to assess the level of Annexin A1 expres-
sion. Overexpression and knockdown methods in HB96, HN4 and CAL27 cell lines 
were used to assess the role of Annexin A1 in the neoplastic cellular response to 
chemotherapy.
Results: We found that reduced expression of Annexin A1 conferred a prognostic 
benefit from induction chemotherapy based on the TPF drug combination in patients 
with moderately/poorly differentiated disease. Using an in vitro model, we found that 
low Annexin A1 enhanced cellular proliferation by activating the EGFR/AKT signal-
ling pathway and inhibiting p27 expression. Furthermore, low Annexin A1 initiated 
a significant decrease in cell viability after treatment with TPF agents. In addition, 
downregulation of Annexin A1 promoted apoptosis induced by docetaxel, cisplatin 
and 5-fluorouracil, and upregulation of Annexin A1 inhibited apoptosis.
Conclusion: Annexin A1 may be of prognostic value in patients with locally advanced 
OSCC who are managed with TPF chemotherapy, as low Annexin A1 promotes 
chemosensitivity to TPF chemotherapy in oral cancer cells via enhanced caspase-
dependent apoptosis.
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1  |  INTRODUC TION

Oral squamous cell carcinoma (OSCC) is one of the most prevalent 
malignancies in the head and neck.1 Despite several efforts towards 
improving the diagnosis, treatment and rehabilitation of patients 
with this cancer, the 5-year survival rate remains approximately 
50%–60%.2 Induction chemotherapy has been explored as a viable 
approach to improve the treatment outcomes of OSCC patients. 
The recommended combination of chemotherapeutic agents for 
planned induction chemotherapy in patients with locally advanced 
OSCC of the head and neck is docetaxel, cisplatin and 5-fluorouracil 
(TPF). This is based on the findings of two randomized phase III tri-
als (TAX323 and TAX324) where patients placed on this therapeutic 
regimen had improved treatment outcomes.3,4 To highlight the con-
tribution of TPF induction chemotherapy in OSCC patients managed 
with surgical intervention, we reported the findings of a random-
ized, phase III trial (NCT01542931) in patients with locally advanced 
OSCC.5 Our findings, consistent with the DeCIDE and PARADIGM 
trials, did not support an overall significant survival advantage in 
the study participants. Rather, the studies suggested that induction 
chemotherapy should not be universally incorporated into the sur-
gical or nonsurgical management of patients with OSCC. However, 
induction chemotherapy using the TPF combination might result in 
improved outcomes in a molecularly specified subset of patients, as 
some possible prognostic biomarkers, including Annexin A1, have 
been identified.6,7

Annexin A1, a member of the Annexin superfamily and a 
calcium-dependent phospholipid-binding protein, has a defined 
function in cellular proliferation, membrane organization and 
trafficking, cellular differentiation and cell signal transduction.8 
Previous investigations have shown that reduced Annexin A1 ex-
pression is associated with poor cellular differentiation9 and poor 
response to induction chemotherapy.10 Notably, Annexin A1 ex-
pression was also shown to be strongly associated with overall 
patient survival, and reduced expression of Annexin A1 could 
serve as a biomarker for predicting short-term (2-year follow-up) 
treatment outcomes after induction chemotherapy intervention 
in patients with moderately or poorly differentiated OSCC.7 
However, it has yet to be clarified whether Annexin A1 has a simi-
lar predictive capability for the survival of patients with advanced 
OSCC at a long-term follow-up of 5 years.

As we reported earlier, OSCC patients with reduced expression 
of Annexin A1 benefit from TPF induction chemotherapy. This im-
proved response might be dependent on the level of Annexin A1 
expression, and the sensitivity of malignant squamous cells to TPF 
induction chemotherapy agents, which is based on previous studies 
that reported that reduced Annexin A1 expression induces a signif-
icant increase in colon cancer cell vulnerability to 5-FU.11 Similarly, 
reduced expression of Annexin A1 has been shown to enhance sen-
sitivity to anticancer chemotherapy in multidrug-resistant tumour 
cells.12 However, the effect of the level of Annexin A1 expression 
on the cellular response to chemotherapy in the management of oral 
cancer has yet to be fully elucidated. To assess this effect of Annexin 

A1, we explored the effect of the level of Annexin A1 expression 
on the sensitivity of oral carcinoma cell lines to TPF chemotherapy.

2  |  MATERIAL S AND METHODS

2.1  |  Patients

Two hundred thirty-two out of two hundred and fifty-six OSCC pa-
tients managed for stage III and IVA in the TPF trial (NCT01542931) 
were recruited for this study. The TPF trial evaluated the benefit of 
induction chemotherapy using the TPF combination compared with 
the standard treatment in patients with locally advanced OSCC.5 
After treatment, patients were reviewed every quarter during the 
first 2 years, biannually during the subsequent 3–5 years, and an-
nually thereafter until the patient was lost to follow up or expired. 
Ethical approval was obtained from the Shanghai Ninth Peoples' 
Hospital IRB (approval number [2016]105), and all participants en-
dorsed an informed consent form.

2.2  |  Immunohistochemical analysis

Pretreatment biopsied tissues, which were formalin-fixed and 
paraffin-embedded, were processed for Annexin A1 immunohis-
tochemical staining. Sections were incubated overnight at 4°C 
with a rabbit Annexin A1 polyclonal antibody (1:150) and subse-
quently stained using a 3,3′-diaminobenzidine detection kit (Dako 
Cytomation). Two pathologists who had no knowledge of the treat-
ment group performed a microscopic examination of the processed 
slides. The expression index of Annexin A1 was assessed according 
to the quantity of cells stained. The following criteria were used to 
categorize the expression index: negative, absence of cell staining; 
weak positive, less than 50% of cells stained; and strongly posi-
tive, equal or greater than 50% of cells stained. Tumours with weak 
positive or negative expression indices were categorized as having 
low expression of Annexin A1, while tumours with a strong posi-
tive expression index were categorized as having high expression of 
Annexin A1.

2.3  |  Cell cultures

The HB96, HN4 and CAL27 cell lines were used in this study. The 
HB96 cell line was derived from a cellular carcinogenesis model of 
OSCC.13 CAL27 was sourced from ATCC (Manassas, USA), while 
HN4 was a gift from the National Institutes of Health of the United 
States of America. These three cell lines were cultured in DMEM 
(Gibco, USA, product code: C11995500BT) supplemented with 1% 
penicillin-streptomycin (Beyotime Biotechnology, China, product 
code: ST488) and 10% foetal bovine serum (Foundation GEMINI, 
USA, product code: 900–108) and maintained in a humidified envi-
ronment of 5% CO2 at 37°C.
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2.4  |  Annexin A1 RNA interference gene 
transfection

We designed two sets of short hairpin RNA oligonucleotides and a 
negative control oligonucleotide (Sangon Biotech), shown in Table S1, 
to construct retroviral vectors. We cloned these oligonucleotides 
into the pSIREN-Puro plasmid, transferred these plasmids into 293T 
cells and collected the supernatant of virus filtered through a 4 µm 
filter. To construct stable Annexin A1-downregulated cell lines, 
HB96 and HN4 cells were transfected with virus supernatant and 
screened with puromycin (Life Technologies, Inc.), which was added 
to the medium at a concentration of 0.5 µg/ml. Real-time PCR and 
Western blotting were performed to detect Annexin A1 expression 
in HB96 and HN4 cells infected with virus.

2.5  |  Annexin A1 gene transfection

We obtained the pMSCVpuro-hANXA1 (Annexin A1 overexpression) 
retroviral vector and a blank pMSCV puro plasmid from Qihe Bio (China, 
Shanghai). The blank plasmid was used as a control. CAL27 cells were 
transfected with the retroviral vector and screened with puromycin 
(Life Technologies, Inc.), which was added to the medium at a 1 µg/ml 
concentration. Real-time PCR and Western blotting were performed to 
detect Annexin A1 expression in CAL27 cells infected with virus.

2.6  |  Cytotoxicity assay

A 96-well plate was seeded with 1.5 × 103 cells per well. Cells in each 
well were incubated in 100 μl medium without penicillin-streptomycin 
and glutamine for 8–12 hr before exposure to a series of concentrations 
of cisplatin (CDDP) [0, 0.02, 0.05, 0.16, 0.49 and 1.48 µg/ml], docetaxel 
[0, 0.14, 0.41, 1.23, 3.70 and 11.11 nM] or 5-fluorouracil (5-FU) [0, 0.11, 
0.33, 0.99, 2.96 and 8.89 µg/ml] for 72 hr. The supernatant of each 
well was collected and mixed with 100 µl CKK8 (Dojindo Laboratories) 
solution in fresh medium at a concentration of 10%. Finally, the 96-well 
plates were incubated for an additional 2 hr at 37°C. Uptake at 450 nm 
using a SpectraMax M3 (Molecular Devices) signifies cell viability. This 
procedure was performed 3 times for quality control.

2.7  |  Real-time PCR assay

Total RNA was extracted on ice from cultured cells at 80% conflu-
ence using TRIzol (Invitrogen, USA) in accordance with the manu-
facturer's protocol. Two micrograms of total RNA were reverse 
transcribed into cDNA with a reverse transcription kit (Takara Bio 
Inc.). Real-time PCR was performed in a Step One Plus Real-Time 
PCR System. We designed Annexin A1  gene and β-actin primers, 
which are shown in Table S2. The relative Annexin A1 mRNA level 
compared with level of the internal control gene β-actin was calcu-
lated according to the 2−ΔΔCt method. All samples were tested in 

duplicate, and the relative measure of expression of each target gene 
was performed in triplicate.

2.8  |  Western blotting and antibodies

Total protein was processed from the retrieved cells. All procedures 
were performed on ice. The extracted proteins (15 µg/lane) were 
separated using 10–12% SDS-PAGE and then electrophoretically 
transferred onto 0.22 µm polyvinylidene difluoride (PVDF) mem-
branes (Millipore) using a wet transfer system. The membranes 
were blocked with blocking buffer for 1  hr and subsequently in-
cubated overnight with primary antibody at 4°C, which was fol-
lowed by incubation at room temperature for 1 hr with a secondary 
antibody conjugated to horseradish peroxidase (HRP) to enhance 
chemiluminescence detection. Finally, the PVDF membranes were 
scanned using an enhanced chemiluminescence detection system 
(Amersham Imager 600). The β-actin expression level served as an 
internal control. The primary antibodies are shown in Table S3.

2.9  |  Statistical analysis

The primary outcome variable of this study was survival rate. The 
other outcome measures were local disease control and patient safety. 
Overall survival (OS) was assessed from the date of recruitment into 
the clinical trial to the date of death. Locoregional recurrence-free 
survival (LRFS), disease-free survival (DFS) and distant metastasis-
free survival (DMFS) were assessed from the date of recruitment into 
the clinical trial to the date of detection of locoregional recurrence, 
disease recurrence or distant metastasis/death from any cause.

Survival analysis was performed using the log-rank test and 
Kaplan-Meier method. A Cox proportional hazards model was em-
ployed to calculate the hazard ratios (HRs). Statistically significant 
differences were assessed using Student's paired t test and one-way 
ANOVA. All tests were two-tailed at a significance level of ≤0.05. 
Data analysis was performed using PASW Statistics for Windows, 
Version 18.0. (Chicago, USA: SPSS Inc. 2009).

3  |  RESULTS

3.1  |  Annexin A1 expression and patient outcomes

Of the 232 patients from the trial who participated in this study, 127 
were in the control group, and 105 were in the experimental group. 
The median follow-up duration was 80  months. Patients treated 
with induction chemotherapy consisting of the TPF combination 
showed a slight survival benefit compared with those who received 
the traditional treatment of surgical intervention followed by post-
operative radiotherapy, as demonstrated by the OS (p = 0.109), DFS 
(p = 0.139), LRFS (p = 0.240) and DMFS (p = 0.095) data; however, 
the observed differences were not statistically significant. Low 
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expression of Annexin A1 was detected in 96 patients (40 in the ex-
perimental group and 56 in the control group). Patients with a low 
level of Annexin A1 expression demonstrated no obvious benefit 
from receiving the TPF induction chemotherapy protocol with re-
gard to OS (p = 0.185), DFS (p = 0.131), LRFS (p = 0.226) and DMFS 
(p = 0.165). High Annexin A1 expression was detected in 136 speci-
mens (65 in the experimental group and 71 in the control group), 
and patients with high Annexin A1 expression also exhibited no ob-
vious benefit from TPF induction chemotherapy with regard to OS 
(p = 0.293), DFS (p = 0.444), LRFS (p = 0.561) and DMFS (p = 0.267).

In patients with low levels of Annexin A1 expression, a subgroup 
analysis according to the clinical characteristics found that patients 
with moderately or poorly differentiated disease received no benefit 
from induction chemotherapy consisting of the TPF combination in 
terms of DMFS (69.7% vs. 51.1%, p = 0.063) (Figure 1A). For patients 
with a high level of Annexin A1 expression, a subgroup analysis based 
on clinical characteristics did not reveal a survival benefit from TPF 
induction chemotherapy in patients with moderately or poorly dif-
ferentiated disease (DMFS, 52.5% vs. 40.7%, p = 0.302) (Figure 1B).

3.2  |  Decreased Annexin A1 enhances cell 
proliferation by regulating p27 expression via the 
EGFR/AKT signalling pathway in vitro

HB96 and HN4 cells transfected with two sets of shRNAs showed 
better downregulation of Annexin A1 compared with cells 

transfected with shRNA-NC (Figure 2A,B and Figure 2E, F). HB96 
and HN4 cells with low Annexin A1 expression exhibited signifi-
cantly increased proliferative activity compared with the control 
(Figure  2C and Figure  2G). Following decreased expression of 
Annexin A1 in HB96 and HN4 cells, the levels of EGFR, PDK1 and 
AKT phosphorylation increased significantly, and p27 expression 
decreased compared with the corresponding levels in parental 
cells (Figure 2D, H).In contrast, decreased levels of EGFR, PDK1 
and AKT phosphorylation and p27 overexpression were observed 
in Annexin A1-overexpressing CAL27 cells compared with control 
cells (Figure S1).

3.3  |  Decreased Annexin A1 increases the 
cytotoxicity of docetaxel, cisplatin and 5-FU in OSCC 
in vitro

We used a CCK-8 assay to determine the viability of cells in which 
Annexin A1 was downregulated after treatment with docetaxel, cis-
platin and 5-fluorouracil. As shown in Figure 3, TPF chemotherapy 
drugs decreased the survival rate of HB96 and HN4 cells, regardless 
of shRNA transfection. Interestingly, cell viability was significantly 
lower in Annexin A1-downregulated cells than in cells transfected 
with shRNA-NC. We analysed the effect of Annexin A1 overexpres-
sion on sensitivity to TPF drugs, and the results showed that Annexin 
A1-overexpressing cells had a higher survival rate than control cells 
(Figure S2).

F I G U R E  1  Distant metastasis-free survival (DMFS) in patients with moderately/poorly differentiated OSCC; Low Annexin A1 expression 
group (A) and high Annexin A1 expression group (B)
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3.4  |  Decreased Annexin A1 increases the 
cytotoxicity of chemotherapeutic agents through 
Caspase-dependent apoptosis

Western blotting analysis demonstrated that TPF chemotherapy 
agents induced activation of PARP and caspase 3; clearly, an in-
creased expression level of cleaved PARP and cleaved caspase 
3, which are the predominant active fragments of PARP protein 

and caspase 3, respectively, was observed compared with the no 
dose group. Remarkably, increased expression of cleaved PARP 
and cleaved caspase 3 in HB96 and HN4 cells (Figure  4) with 
Annexin A1 downregulation was seen compared with control 
cells. In agreement with the aforementioned results, Annexin 
A-overexpressing CAL27 cells had lower expression of cleaved 
PARP and cleaved caspase 3 than cells transfected with empty 
vector (Figure S3).

F I G U R E  2  Low Annexin A1 expression 
enhanced cell proliferation by regulating 
p27 expression. The expression of 
Annexin A1 mRNA was analysed using 
real-time PCR in HB96 (A) and HN4 (E) 
cells transfected with retroviral vectors 
containing shRNA1, shRNA2 or shRNAnc. 
The expression of Annexin A1 in HB96 
(B) and HN4 (F) cells transfected with 
retroviral vectors containing shRNA1, 
shRNA2 or shRNAnc was assessed by 
Western blotting. The proliferation of 
HB96 (C) and HN4 (G) cell lines following 
shRNA transfection was detected using 
a CCK-8 kit at 450 nm. The expression 
of pEGFR, PDK1, pPDK1, AKT, pAKT 
and p27 in HB96 (D) and HN4 (H) cells 
transfected with shRNA retroviral vectors 
was detected by Western blotting 
(*p < 0.05, **p < 0.01, ***p < 0.001).

(A) (D)

(B)

(C)

(E)

(F)

(G)

(H)
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4  |  DISCUSSION

In the present study, a retrospective analysis was performed to ex-
plore the effect of Annexin A1 on the response to TPF induction 
chemotherapy in patients with locally advanced OSCC over a long-
term follow-up of 5 years. This study did not demonstrate an obvi-
ous correlation between the level of Annexin A1 expression and 
clinical response to TPF induction chemotherapy in patients with 
OSCC, which is similar to a previous report, which focused on a 
short-term follow-up.7 However, in the subgroup analysis, we found 
that lower expression of Annexin A1 was beneficial in the admin-
istration of TPF induction chemotherapy in patients with poorly 
or moderately pathologically differentiated disease according to 
DMFS. This study demonstrates the potential of Annexin A1 to pre-
dict the prognosis of OSCC patients, which is similar to the report 
by Lin et al,14 who reported that Annexin A1 nuclear expression 
was associated with an increased recurrence rate and decreased 
overall survival. Low expression of Annexin A1  has the potential 
to be a biomarker used to categorize patients who may be sensi-
tive to chemotherapy. However, the mechanism responsible for the 
improved sensitivity to TPF chemotherapy in some subgroups of 
patients with low expression of Annexin A1 is still unclear.

Annexin A1, also known as lipocortin 1, was initially described as 
a member of the Annexin superfamily that is present in the inflamma-
tory corpuscle; it is also a glucocorticoid-regulated anti-inflammatory 

protein.15 This protein has been shown to play a significant role in 
a broad range of molecular and cellular processes, including kinase 
activities in signal transduction, modulation of phospholipase A2, 
extracellular matrix integrity, cytoskeletal maintenance, differenti-
ation, tissue growth and blood coagulation.16 In different cancers, 
the expression of Annexin A1 may fluctuate. According to the litera-
ture, decreased Annexin A1 levels accelerate tumorigenesis in head 
and neck SCC,17 as cells with low levels of Annexin A1 expression 
show increased proliferative activity.18 In this study, we found that 
the EGFR/AKT signalling pathway was significantly activated and 
that p27 expression decreased as Annexin A1 expression decreased. 
The role of p27 in imposing the G1 restriction point is consequent 
upon its inhibitory binding to CDK2/cyclin E and other CDK/cyclin 
complexes.19 Therefore, decreased p27 expression promotes the 
progression of oral cancer cells into S phase of the cell cycle, which 
results in tumour development and progression.

Annexin A1 is also known as the substrate of the activated EGF re-
ceptor at Tyr21,20 and the Annexin A1/S100A11 complex plays a vital 
role in the degradation of activated EGFR through vesicular trans-
portation.21 In the present study, we found that EGFR phosphoryla-
tion is increased under conditions of low Annexin A1 expression and 
that downstream molecules, including PDK1 and AKT, are activated. 
Knock down of Annexin A1 decreases the expression of p27 but does 
not increase the expression of cyclin D1 (data not shown), which is 
contrary to what has been reported in some previous studies.22 Our 

F I G U R E  3  Decreased Annexin A1 increased the cytotoxicity of TPF chemotherapy in OSCC cell lines. (A-C): Decreased viability of HB96 
cells was observed after treatment with docetaxel, cisplatin and 5-fluorouracil for 72 hr. Following transfection of HB96 cells with shRNA1 
and shRNA2, cell viability was decreased significantly compared with HB96 cells transfected with shRNAnc; (D-F): Decreased viability of 
HB96 cells was observed after treatment with docetaxel, cisplatin and 5-fluorouracil for 72 hr. Similar to the findings in HB96 cells, the 
viability of HN4 cells transfected with shRNA1 and shRNA2 was decreased significantly compared with that of HN4 cells transfected with 
shRNAnc (*p < 0.05, **p < 0.01, ***p < 0.001)
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study demonstrated that decreased Annexin A1 may deregulate p27 
protein expression through the EGFR/AKT signalling pathway.

Annexin A1 has a role in regulating resistance to some chemo-
therapeutic drugs.23 However, the function of Annexin A1 in tu-
mour development and drug resistance is not consistent. Annexin 
A1 is overexpressed in some multidrug-resistant cancer cells,24,25 
while some reports have shown contrary results.12 In our studies, 
increased chemosensitivity of oral cancer cells to TPF was observed 
in HB96 and HN4 cell lines with Annexin A1 downregulation. The 
results indicated that low Annexin A1 expression could boost the 
chemosensitivity of oral cancer cells to docetaxel, cisplatin and 
5-fluorouracil. Moreover, we found that chemotherapeutic agents 
induced cytotoxic processes including necrosis and apoptosis. This 
is consistent with previous studies,26,27 which showed that oral can-
cer cells could be induced to undergo caspase-dependent apoptosis 
when treated with appropriate concentrations of chemotherapeutic 
agents, for example docetaxel, CDDP and 5-FU. Additionally, the cy-
totoxicity of TPF chemotherapy may be linked to the cell cycle sta-
tus of cancer cells, as we found that low Annexin A1 expression can 
promote the progression of oral cancer from G1 phase to S phase 
by inhibiting p27 expression. Furthermore, we also analysed the 
enhancing effect of Annexin A1 expression on caspase-dependent 
apoptosis induced by TPF and found that HB96 and HN4 cells with 
low Annexin A1 expression expressed higher cleaved PARP and 
cleaved caspase 3 levels compared with parental cells.

The mechanism by which Annexin A1 expression influences 
chemosensitivity and the apoptotic response to chemotherapeutic 
drugs is still unclear. In this study, we explored the mechanism of 
caspase-dependent apoptosis. However, the extrinsic and intrinsic 

apoptosis pathways are both dependent on caspases. It is, therefore, 
necessary to further explore which apoptosis pathway is induced 
by TPF chemotherapy. In this study, we demonstrated that Annexin 
A1 is a potential biomarker that could be used to predict progno-
sis, screen target groups and categorize patients who may derive a 
prognostic benefit from TPF induction chemotherapy. In addition, 
we clarified the mechanism by which Annexin A1 regulates cancer 
progression through the EGFR/AKT signalling pathway. This may 
provide a new treatment strategy in which biomarkers for TPF che-
motherapy and targeted therapy are combined.

5  |  CONCLUSION

These results suggest that Annexin A1 may be of prognostic value 
in a subgroup of patients treated with TPF chemotherapy, as low 
Annexin A1 promotes chemosensitivity to TPF chemotherapy agents 
in oral cancer cells by enhancing caspase-dependent apoptosis.
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