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SASP-related factors induced by the senescence of cancer cells 
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A B S T R A C T   

The tumor microenvironment (TME) concept has been proposed and is currently being actively studied. The 
development of extracellular matrix (ECM) in the TME is known as desmoplasia and is observed in many solid 
tumors. It has also been strongly associated with poor prognosis and resistance to drug therapy. Recently, cellular 
senescence has gained attention as an effect of drug therapy on cancer cells. Cellular senescence is a phenomenon 
wherein proliferating cells become resistant to growth-promoting stimuli, secrete the SASP (senescence-associ
ated phenotypic) factors, and stably arrest the cell cycle. These proteins are rich in pro-inflammatory factors, 
such as interleukin (IL)-6, IL-8, C-X-C motif chemokine ligand 1, C–C motif chemokine ligand (CCL)2, CCL5, and 
matrix metalloproteinase 3. This study aimed to investigate the desmoplasia-like changes in the TME before and 
after cancer drug therapy in oral squamous cell carcinomas, evaluate the effect of anticancer drugs on the TME, 
and the potential involvement of cancer cell senescence. Using a syngeneic oral cancer transplant mouse model, 
we confirmed that cis-diamminedichloroplatinum (II) (CDDP) administration caused desmoplasia-like changes in 
cancer tissues. Furthermore, CDDP treatment-induced senescence in tumor-bearing mouse tumor tissues and 
cultured cancer cells. These results suggest CDDP administration-induced desmoplasia-like structural changes in 
the TME are related to cellular senescence. Our findings suggest that the administration of anticancer drugs alters 
the TME of oral cancer cells. Additionally, oral cancer cells undergo senescence, which may influence the TME 
through the production of SASP factors.   

1. Introduction 

In recent years, substantial changes have been made to cancer 
research. Malignant tumor cells have long been the object of study, and 
investigations have focused on analyzing the processes leading to their 
transformation and changes in malignant potential. However, such 
changes in malignant tumor cells involve a group of non-tumor cells 
around the malignant tumor [1]. Therefore, the concept of the tumor 
microenvironment (TME), which views the tumor as a complex structure 
that includes tumor cells and the surrounding cell population, has been 
proposed and is currently under active research. The individual com
ponents of TME are increasingly becoming the focus of cancer research. 
These studies have been utilized to develop drugs targeting the TME and 
their clinical applications, starting with angiogenesis inhibitors and 

introducing immunotherapeutics with the potential to disrupt the status 
quo [2,3]. 

The extracellular matrix (ECM) is a component of TME that initially 
received the least attention. However, our understanding of the role of 
ECM in malignant tumors and the changes in ECM concerning therapy 
has been enhanced by numerous studies [1]. In many solid tumors, the 
tumor cells express high molecules comprising various ECM compo
nents, including fibrous collagen, fibronectin, elastin, and laminin [4,5]. 
The ECM accounts for approximately 60 % of the total volume of tumor 
tissue and comprises tumor cells, tumor-associated fibroblasts (CAFs), 
and tumor-associated macrophages (TAMs), which are components of 
the TME. Macrophages (TAMs) are involved in ECM formation [6–9]. 
ECM formation, specifically fibrosis of tumor tissue resulting from the 
accumulation of fibrous collagen and other substances, is termed 
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desmoplasia, has been observed in many solid tumors, and has been 
reported to be strongly associated with poor prognosis and resistance to 
drug therapy [1,10,11]. 

In addition, anticancer treatments have been reported to induce 
inflammation [12,13]. Guthrie et al. reported that cancer-associated 
inflammation is a key determinant for treatment outcomes in patients 
with cancer. Correlative studies (15 studies, >8,500 patients) have 
shown elevated inflammation in patients with advanced or aggressive 
disease, indicated by increased tumor stage, nodal stage, and number of 
metastatic lesions. These patients may represent a particularly high-risk 
population. Moreover, Schaue et al. reported that the immune system 
can modulate the expression of radiation-induced normal and tumor 
tissue damage. It can contribute to cancer cure while also influencing 
acute and late radiation side effects, which resemble acute and chronic 
inflammatory disease states. 

Recently, cellular senescence has gained attention as an effect of 
drug therapy on cancer cells. Cells are considered to undergo senescence 
when proliferating cells resist growth-promoting stimuli and stably ar
rest the cell cycle, as observed in the DNA damage response. In drug and 
radiation therapy for cancer, sufficient doses of anticancer drugs and 
radiation induce apoptosis in cancer cells, leading to cell death [14,15]. 
In contrast, anticancer drugs and radiation to a nonlethal degree to 
cancer cells have been reported to induce senescence in cancer cells 
[14,15]. Although the long-term survival mechanisms of residual cancer 
cells after drug therapy remain poorly understood, recent studies have 
shown that the senescence of cancer cells contributes to cancer recur
rence [16–18]. Two pathways are known the induce senescence via the 
cell cycle regulators, p21 and p16, the expression of which is upregu
lated, leading to cell cycle arrest [19]. In addition, senescent cancer 
cells, such as normal senescent cells, have been recently reported to 
acquire a phenotype called the senescence-associated secretory pheno
type (SASP), which is the result of a persistent DNA damage response 
associated with the inflammatory SASP. It is a proinflammatory 
phenotype that results from a sustained DNA damage response and in
creases the expression of genes encoding secreted proteins such as cy
tokines [20]. These secreted proteins are rich in proinflammatory 
factors, such as interleukin (IL)-6, IL-8, C-X-C motif chemokine ligand 
(CXCL)1, C–C motif chemokine ligand (CCL)2, CCL5, and matrix met
alloproteinase (MMP)3 [21,22]. These SASP factors are secreted after 
cellular senescence, which may cause cancer recurrence by stimulating 
surrounding non-aging breast cancer cells in breast cancer tissue 
[22,23]. 

Oral cancer is the 18th most common malignancy among 36 sites 
[24]. According to Japanese Cancer Statistics, more than 22,000 pa
tients in Japan were affected by lip and oral cavity cancer and pharyn
geal cancer in 2018 [24]. Approximately 90 % of oral cancers are oral 
squamous cell carcinomas (OSCC) [25], which generally occur at the 
lateral border of the tongue and upper and lower gingiva, and their 
treatment markedly reduces oral function and quality of life [24,26,27]. 
In oral cancer, platinum-based drug therapy, including cis-dia
mminedichloroplatinum (II) (CDDP), has been indicated for locally 
advanced cases and recurrent metastases. However, no reports have 
been found in examining desmoplasia-like changes after drug therapy 
for oral cancer. Hence, the relationship between senescence and des
moplasia in oral cancer cells remains unclear [28]. 

In this study, we aimed to examine desmoplasia-like changes within 
the TME before and after cancer drug therapy in OSCC, evaluate the 
effect of anticancer drugs on the TME, and determine the potential 
involvement of cancer cell senescence in this process. 

2. Materials and methods 

2.1. Clinical samples 

The subjects were seven patients with oral cancer treated with neo
adjuvant drug therapy, including CDDP, in our department between 

2011 and 2019, in whom biopsy and surgical resection of clinicopath
ological specimens allowed comparison of histopathology before and 
after drug therapy (Table 1). Picrosirius Red staining was performed to 
evaluate the thickness and amount of collagen in the tumor tissue before 
and after drug therapy. Picrosirius Red staining was performed to 
evaluate the thickness and amount of collagen in the tumor tissue before 
and after drug therapy. The TNM classification and therapeutic effects 
are based on the Oral Cancer Treatment Regulations (2nd edition) [29]. 
The study protocol was approved by the Institutional Review Board of 
the Graduate School of Dentistry, Osaka University. 

2.2. Cell preparation and culture 

NR-S1 cells, a cell line derived from mouse oral squamous cell car
cinoma, were used in the experiments [30]. Cells were grown in Dul
becco’s medium containing 10 % fetal bovine serum (FBS: Equitech-Bio 
Inc, Kerrville, TX, USA) and 100 μg/mL kanamycin (Meiji Seika Pharma 
Co., Ltd., Tokyo, Japan) under 37 ◦C, 5 % CO2 vapor phase. The ex
periments were performed in Dulbecco’s modified Eagle’s medium 
(DMEM) and Ham’s/F2 medium (D-MEM Ham’s/F2: FUJIFILM Wako 
Pure Chemicals Corporation, Osaka, Japan). The experiments were 
performed under the following conditions: 

2.3. Mouse models and drug administration 

All animal experiments were reviewed and approved by the Animal 
Experiment Committee of the Graduate School of Dentistry, Osaka 
University. Five to 6-week-old male C3H mice (SLC, Shizuoka, Japan) 
were treated with midazolam (4.0 mg/kg body weight, Dormicum®: 
Astellas Pharma Inc). NR-S1 cells (1 × 106/100 μL) were suspended in 
cell culture medium, and 100 μL were inoculated at the center of the 
tongue apex. One hundred microliters were inoculated into the center of 
the apex of the tongue. After confirming tumor formation and growth, 
CDDP (cisplatin injection 10 mg, Nichi-Iko Corporation, Toyama, Japan) 
was administered at a concentration of 10 mg/20 mL twice a week at 
200 μL each time via the tail vein or p21 inhibitor UC2288 (Selleck 
Biotech, Tokyo, Japan) was administered at a concentration of 2.5 mg/ 
mL twice a week at 50 μL each time intraperitoneally. The control group 
received a saline solution or dimethyl sulfoxide (DMSO) during the same 
period. The tumors were removed three days after the final dose. 

2.4. Immunohistochemistry 

Clinical specimens and mouse tongue tumor tissues were subjected 
to immunohistological analysis. Mouse tongue tumor tissues were 
paraffin-embedded, cut into 4-μm-thick slices, and stretched on glass 
slides. After deparaffinization with xylene, tissues were hydrated with 
ethanol. Antigen activation was performed under pressure by boiling 1 
mmol/L of ethylenediamine tetraacetic acid buffer (pH 8.0; NIPPON 
GENE Inc., Tokyo, Japan). A 3 % hydrogen peroxide solution was 
applied for 15 min to remove endogenous peroxidase, and 1 % bovine 

Table 1 
The list of clinicopathologic parameters for the clinical samples.  

Age Gender Region Diagnosis TNM Therapeutic 
Effect 

62 Female tongue scc T4aN0M0 Grade3 
58 Female tongue scc T2N1M0 Grade2 
71 Male maxilla scc T3N1M0 unknown 
56 Male maxillary 

sinus 
scc T3N1M0 Grade2 

68 Male maxillary 
sinus 

scc T2N0M0 Grade2 

73 Male maxillary 
sinus 

scc T2N1M0 Grade1 

71 Male buccal 
mucosa 

scc T4N0M0 Grade2  
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serum albumin was used for 60 min for blocking. Primary antibodies 
were allowed to react for 12 h at 4 ◦C (Table 2). Subsequently, mouse 
tissues were treated with Histofine Simple Stain Mouse MAX-PO(R) 
(Nichirei Bioscience, Tokyo, Japan), an anti-rabbit IgG antibody. In 
contrast, human tissues were treated with Histofine Simple Stain MAX- 
PO(MULTI) (Nichirei Bioscience, Tokyo, Japan), an anti-rabbit IgG 
antibody. Tokyo, Japan) and visualized using the peroxidase substrate 
ImmPACT NovaRED (Vector Laboratories Inc., California, USA). 

Mouse tongue tumor tissue sections were stained, and five fields of 
view with the most positive areas were photographed under a micro
scope (Leica DM IL LED; Leica Microsystems GmbH, Wetzlar, Germany) 
at 400x magnification. The percentage of positive areas per image was 
calculated using ImageJ image processing software (National Institutes 
of Health, USA). 

2.5. Picrosirius Red Stain 

Picrosirius red staining is commonly used as a histological technique 
to visualize collagen fibers in paraffin-embedded tissue sections [31]. 
Clinical specimens and paraffin sections of mouse tongue tumor tissues 
were deparaffinized with xylene, hydrated with ethanol, and treated 
with picrosirius red solution (ScyTek Laboratories, UT, USA) for 1 h. A 
0.5 % Acetic Acid Solution (ScyTek Laboratories, UT, USA) was added 2 
times and finally sealed with a MOUNT-QUICK (Dyu Sangyo Co. Ltd., 
Tokyo, Japan). 

After staining, clinical specimens and mouse tongue tumor tissue 
were stained at 200x, and their surroundings, including the tumor pa
renchyma, were randomly photographed in five views under a polarized 
light microscope (Leica DM IL LED with polarizing filter; Leica Micro
systems GmbH). ImageJ software was used to evaluate the positive 
areas, where thick collagen fibers depicted as yellow to orange were 
defined as positive areas, and the percentage of these areas per image 
was calculated. 

2.6. CDDP treatment of oral cancer cells 

The NR-S1 cell line was cultured to 50–70 % confluency in six-well 
dishes, and 20 μM CDDP was added to the culture medium and 
treated for 6 h. CDDP was removed, and the RNA was recovered after 
culturing in a standard culture medium with an incubation time of 24 h. 

To prepare for cell immunostaining, the NR-S1 cell line was cultured 
in a 12-well chamber, removed for approximately 24 h, treated with 20 
μM CDDP for 6 h, removed, and cultured in a standard culture medium 
for 24 h. 

2.7. Inhibition of p21 using UC2288 

The NR-S1 cell line was cultured to 50–70 % confluency in six-well 
dishes and treated with 20 μM CDDP only, and 20 μM CDDP plus 10 
μM p21 inhibitor UC2288 (Selleck Biotech) diluted with DMSO in the 
medium was prepared and treated for 6 h each. The supernatant was 
removed, and RNA was collected after 24 h of incubation in a normal 
culture medium. 

2.8. Immunofluorescence analysis 

To prepare for cell immunostaining, the NR-S1 cell line was cultured 
in a 12-well-chamber, removable for approximately 24 h, and the me
dium was supplemented with 20 μM CDDP only and 20 μM CDDP plus 
10 μM of the p21 inhibitor UC2288 diluted in DMSO, and each was 
treated for 6 h. The supernatant was removed, and the cells were 
incubated in a normal culture medium for 24 h, after which immuno
cytochemistry was performed. 

2.9. RNA isolation and RT-qPCR 

Reverse transcription-quantitative polymerase chain reaction (RT- 
qPCR) was performed using the following method. RNA was extracted 
from the cultured cells and tissues using a total RNA isolation system 
(Monarch Total RNA Miniprep Kit; New England Biolabs, MA, USA). 
First-strand cDNAs were synthesized using the ReverTraAce® qPCR RT 
Master Mix (Toyobo Co., Ltd., Osaka, Japan). Quantitative real-time 
PCR (qPCR) was performed using the SYBR Green PCR protocol and 
the StepOnePlus real-time PCR system (Applied Biosystems, Foster City, 
CA, USA) with n = 3 per sample. The SYBR Green primers used for 
amplification are listed in Table 3. 

2.10. Statistical analysis 

Experimental outcome data are presented as mean ± SD for in vitro 
and mean ± SEM for in vivo experiments. Comparisons between two 
independent groups were evaluated using Student’s t-test, comparisons 
between two related groups using the paired t-test, 2 × 2 contingency 
table tests using Fisher’s exact probability test, and comparisons be
tween three groups using one-way analysis of variance (ANOVA) and 
Dunnett’s multiple comparison test. Comparisons among the three 
groups were performed using one-way ANOVA and Dunnett’s multiple 
comparison test. Statistical analyses were performed using the Prism 9 
software (GraphPad Software, La Jolla, CA, USA). P-values less than 
0.05 were considered statistically significant. 

3. Results 

3.1. Microenvironmental changes in clinical specimens before and after 
CDDP administration 

Biopsy specimens before and after administering anticancer drugs 
were analyzed using Picro-Sirius Red staining, which specifically stains 
muscle and collagen fibers. Under a bright-field microscope, the 
bundling of collagen fibers was observed in the specimens after 

Table 2 
The list of antibodies used for immunocytochemistry and 
immunohistochemistry.  

Antibody Dilution Company 

p21 ICC（1:200）, IHC（1:300） Bioss 
CD45 IHC（1:200） Cell signaling 
F4/80 IHC（1:250） Cell signaling 
CD163 IHC（1:500） Abcam  

Table 3 
The list of SYBR Green primers used for amplification.  

Gene name Sequence (5′ → 3′) 

p21 Forward CCTGGTGATGTCCGACCTG 
Reverse CCATGAGCGCATCGCAATC 

p16-INK4a Forward CGCAGGTTCTTGGTCACTGT 
Reverse TGTTCACGAAAGCCAGAGCG 

IL-6 Forward CCTGAGACTCAAGCAGAAATGG 
Reverse AGAAGGAAGGTCGGCTTCAGT 

CXCL1 Forward ACTGCACCCAAACCGAAGTC 
Reverse TGGGGACACCTTTTAGCATCTT 

CXCL2 Forward CCAACCACCAGGCTACAGG 
Reverse GCGTCACACTCAAGCTCTG 

CCL2 Forward TTAAAAACCTGGATCGGAACCAA 
Reverse GCATTAGCTTCAGATTTACGGGT 

CCL5 Forward GCTGCTTTGCCTACCTCTCC 
Reverse TCGAGTGACAAACACGACTGC 

CXCL9 Forward TCCTTTTGGGCATCATCTTCC 
Reverse TTTGTAGTGGATCGTGCCTCG 

IL-13 Forward CCTGGCTCTTGCTTGCCTT 
Reverse GGTCTTGTGTGATGTTGCTCA  
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administration of the anticancer drug. Furthermore, under polarized 
light microscopy, bundled thick collagen fibers appeared yellow to or
ange in color, and the number of dense collagen fibers significantly 
increased after anticancer drug administration compared to that before 
anticancer drug administration (Fig. 1). 

3.2. Microenvironmental changes induced by CDDP administration to 
tongue tumor tissues of tumor-bearing mice 

Tongue tumors removed from tumor-bearing mice were evaluated 
using Picrosirius Red staining and immunohistochemistry. Picrosirius 
Red staining assessed the collagen fibers, as in the clinical specimens. 
Bundles of collagen fibers were observed in the CDDP-treated group by 
bright-field microscopy (Fig. 2A). Polarized light microscopy revealed 
that thick collagen fibers, depicted in yellow to orange, significantly 
increased in the CDDP-treated group compared to those in the control 
group (Fig. 2B). Furthermore, these CDDP-treated tumors showed clear 
tumor shrinkage compared to the control group (Supplementary 
Figure 1). 

The number of total leukocytes positive for CD45 was significantly 
higher in the CDDP-treated group than in the control group (Fig. 2C). 
Similarly, CD163-positive M2 macrophages (M2-TAMs) significantly 
increased in the CDDP-treated group compared to those in the control 
group; however, TAMs were localized to tumor cells and infiltrated into 
tumor cells, whereas M2-TAMs showed little infiltration into tumor cells 
(Fig. 2C). These results indicate that CDDP administration induces 
desmoplasia-like structural changes in TME and inflammation with 
immune cell infiltration, which may be related. 

3.3. Tongue tumor tissues of tumor-bearing mice and senescence of OSCC 
cells with increased p21 expression upon CDDP treatment 

As mentioned above, the senescence of tumor cells induced by cancer 
drug therapy has recently attracted much attention [16]. Therefore, we 
evaluated the expression of p16 and p21, cell cycle regulators known as 
cellular senescence markers, using RNA extracted from mouse tongue 
tumors and RT-qPCR to confirm whether CDDP treatment induces 
senescence in tumor cells. p21 expression was significantly upregulated 
in the CDDP-treated group compared to that in the control group 

(Fig. 3A). However, no significant difference was observed for p16 be
tween the two groups (Fig. 3A). 

Next, NR-S1 cells (a mouse OSCC cell line) were treated with CDDP. 
The results showed that CDDP treatment increased the expression of p53 
and p21 at the mRNA level (Fig. 3B). In contrast, the p16 expression was 
not detected in both groups (data not shown). To examine changes in 
p21 protein expression, immunocytochemistry was performed using NR- 
S1 cells 24 h after CDDP treatment. The results showed a higher 
expression of p21 in the nucleus and cytoplasm of CDDP-treated cells 
than in the controls (Fig. 3C). 

3.4. Altered expression of SASP factors and other factors upon CDDP 
treatment of OSCC cell lines 

Next, we analyzed the mRNA expression of representative SASP 
factors reported in the literature, IL-6, CXCL1, CXCL2, CCL2, CCL5, 
CXCL9, and IL-13, following CDDP treatment [32]. CCL2 is an SASP 
factor that regulates the migration and infiltration of various immune 
cells, including monocytes and macrophages [33]. The qPCR results 
showed that the expression levels of all SASP factors after 24 h of CDDP 
treatment were significantly upregulated compared with those in the 
control group (Fig. 4). The increased expression of typical SASP factors 
corroborates CDDP-induced senescence of cancer cells. 

3.5. Altered expression of senescence markers and SASP factors in OSCC 
cell lines treated with CDDP and p21 inhibitor 

To confirm that the senescence induced by CDDP treatment in OSCC 
cell lines is a p21-mediated phenomenon, we added UC2288, a p21 in
hibitor, to CDDP-treated NR-S1 cells. p21 mRNA expression was 
significantly reduced by the addition of UC2288, confirming that p21 
expression was inhibited by UC 2288, ensuring that p21 expression was 
inhibited by UC2288 (Fig. 5A). Furthermore, immunostaining analysis 
at the protein level showed decreased p21 expression in cells treated 
with CDDP and UC2288 compared to cells treated with CDDP alone 
(Fig. 5B). 

Subsequently, to examine whether the increased expression of SASP 
factors by CDDP treatment of the OSCC cell lines was due to the 
senescence of cancer cells, we examined changes in their mRNA levels 

Fig. 1. Elevated collagen deposition in CDDP-treated surgically resected residual human OSCC tumors. (A) The residual human tumors (post-CDDP) and their 
matched biopsy tumors (pre-CDDP) were stained with Picro-Sirius Red (n = 7). Representative images captured by bright-field (parallel) and polarized light 
(orthogonal collagen) are shown. (B) Orthogonal collagen was measured as the percentage of total unmasked pixels except perivascular in the field of view at a final 
magnification of × 200. Scale bar indicates 100 μm. The graph depicted individual cases of orthogonal collagen pre- and post-treatment. Data were analyzed by the 
paired t-test, *p < 0.05. 
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Fig. 2. CDDP-induced collagen deposition, leukemic cells, and macrophage change in mouse tumors. (A) The CDDP-treated mouse tumors (CDDP) and the non- 
treated mouse tumors (control) were stained with Picro-Sirius Red (n = 3). Representative images captured by bright-field (parallel) and polarized light (orthog
onal collagen) are shown. (B) Orthogonal collagen was measured as the percentage of total unmasked pixels except perivascular in the field of view at a final 
magnification of × 200. Scale bar indicates 100 μm. The graph depicted the mean of orthogonal collagen as a multiple of the expression level in the control tumor 
group. Data were analyzed by the student t-test, *p < 0.05. (C) The number of Cd45-positive leukemic cells, F4/80-positive macrophages, and Cd163-positive M2- 
TAMs significantly increased in CDDP-treated tumors compared to non-treated tumors. Quantitative data are shown on the right. Five views were taken, and the 
mean positive cell count per view was calculated. Each tumor: n = 3; scale bar: 50 µm. *p < 0.05, **p < 0.01, ***p < 0.001. 
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by adding UC2288. The results showed that the addition of UC2288 
significantly decreased the expression of IL-6, CXCL1, CCL2, CCL5, 
CXCL9, and IL-13 compared to that in cells treated with CDDP alone 
(Fig. 5C). These results suggest that CDDP-induced senescence of oral 
cancer cells induced by p21 expression promotes the secretion of SASP 
factors, such as CCL5. 

3.6. Effect of p21 inhibitor on desmoplasia-like structural changes 
induced by CDDP administration in tongue tumor tissues of tumor-bearing 
mice 

Finally, to examine whether CDDP-induced changes in the TME were 
related to SASP factors due to cellular senescence, we conducted an 
experiment in which CDDP and a p21 inhibitor were administered to a 
syngeneic transplant mouse model. Tongue tumors removed from 
tumor-bearing mice treated with CDDP and UC2288 were evaluated by 
Picrosirius Red staining. Picro-Sirius Red staining was performed to 
evaluate the collagen fibers. Under a bright-field microscope, bundles of 
collagen fibers were observed in the CDDP-treated group. However, the 
number of bundles decreased in the UC2288-treated group. Polarized 
light microscopy revealed that thick collagen fibers, depicted in yellow 
to orange, were significantly decreased in the UC2288-treated group 
compared to those in the CDDP-treated group (Fig. 6). These results 
suggest that CDDP administration-induced desmoplasia-like structural 
changes in the TME are related to cellular senescence. 

4. Discussion 

Desmoplasia, an increase in the fibrous ECM in the TME, is promi
nent in pancreatic cancer. Whatcott et al. reported that hyaluronic acid 
and collagen fibers, specifically in the ECM, are highly expressed in 
pancreatic cancer tissues compared with normal tissues [34]. Abundant 
hyaluronic acid and collagen fibers in tumor tissues can cause increased 
interstitial fluid pressure, rupture of blood vessels, and decreased 
vascular permeability, resulting in impaired drug delivery to tumor 
cells, suggesting resistance to drug therapy [35]. In addition, increased 
infiltration of immune cells and desmoplasia-like changes due to 
inflammation after drug therapy have been reported both in clinical 
specimens of breast cancer and esophageal squamous cell carcinoma and 
in mouse studies [31,36–38]. In this study, we observed a marked in
crease in collagen expression around the remaining tumor cells after 
CDDP administration in clinical specimens of oral cancer. We demon
strated for the first time that desmoplasia-like changes occurred. Addi
tionally, in a mouse model, an increase in collagen was observed in the 
CDDP-treated group, and the researchers succeeded in reproducing the 
changes observed in clinical specimens. 

Tumor cell remains after drug therapy or radiotherapy have been 
known to be one of the causes of local recurrence, lymph node metas
tasis, and distant metastasis in patients with OSCC [39]. The involve
ment of cancer cells remaining after drug therapy or radiotherapy in 
recurrence and metastasis has been reported in breast, prostate, and 
lung cancers [40–42]. Furthermore, cancer cells remaining after drug 
therapy or radiotherapy contain senescent cells caused by senescence 
[16,43–45]. In this study, we found an increase in the expression of p21, 
a marker for senescent cells, in the tumor tissue of tumor-bearing mice 
after administration of the anticancer drug CDDP; treatment of cultured 
oral cancer cells with CDDP showed that oral cancer cells increased 
expression of p21 and SASP factors indicated that senescence was likely 
induced in the remaining oral cancer cells after CDDP administration. 
Senescence in oral cancer cells was driven by increased p21 expression, 
with no concurrent increase in p16 expression observed. Ahmadinejad 
et al. also reported in a study using head and neck cancer cells that 
senescence in cancer cells is mediated by p21 [16]. Mirzayans et al. 
showed that the senescence of cancer cells caused by radiation therapy- 
induced stress is due to p21 in breast cancer cells without p53 mutations. 
In contrast, p16 is vital in breast cancer cells with p53 mutations [46]. 

Fig. 3. Effect of CDDP treatment on cellular senescence of mouse tumor. (A) 
RNA extracted from CDDP-treated or non-treated tumor tissues was used to 
compare p21 and p16 mRNA expression levels within each tumor by RT-qPCR. 
mRNA expression levels are shown. The expression levels of each gene were 
corrected for Gapdh expression and expressed as a multiple of the expression 
level in the control tumor group. Values represent mean and standard devia
tion. Control group; n = 3, CDDP group; n = 4. *p < 0.05. (B) RNA extracted 
from CDDP-treated or non-treated tumor cells was used to compare p53 and 
p21 mRNA expression levels within each cell by RT-qPCR. mRNA expression 
levels are shown. The expression levels of each gene were corrected for Gapdh 
expression and expressed as a multiple of the expression level in the control 
group. Values represent mean and standard deviation. n = 3. *p < 0.05, ***p <
0.001. (C) Immunocytochemical staining of p21 protein is shown; protein 
expression of p21 increased in CDDP-treated tumor cells compared to non- 
treated cells. Red: p21 (middle); blue: DAPI. Scale bar: 50 µm. 
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They pointed out that p21 may suppress p16 expression, which requires 
further investigation. 

Although anticancer treatment-induced cellular senescence has been 
studied for decades, the involvement of senescent cancer cells in 
recurrence remains unclear [47]. Initially, cellular senescence was 
assumed to be an early response to drugs or radiotherapy. It was 
considered a favorable outcome of cancer treatment owing to its fea
tures, such as long-term growth arrest, which may lead to tumor 
shrinkage [48]. However, senescent cells in the remaining tumor tissue 
survive by maintaining a state of growth arrest because senescent cells 
are resistant to apoptosis. Senescent cells begin regaining from the 
surrounding quiescent cancer cells by secreting SASP factors 
[16,49–51]. Cancer cell regrowth is associated with interactions with 
the TME, such as CAF and TAM [41]. 

TAMs, the most frequently found immune cells in the TME, play an 
important role in mediating immune responses in cancers [52]. Mac
rophages change their dynamics and functions depending on their 
microenvironment, are classified into M1 and M2 types depending on 
their characteristics, and play anti-inflammatory and proinflammatory 
roles [53]. Many TAMs exhibit properties similar to M2 macrophages, 
and various ECM components are involved in the polarization of TAMs 
from M1 to M2 [54]. In particular, type I collagen has long been reported 
to be involved in the M2 polarization of TAMs [1,55,56]. Furthermore, 
the M1 type of TAM promotes cancer development, and the M2 type 
promotes cancer progression [57]. Morita et al. showed that adminis
tering anticancer drugs increased M2-TAM levels in mouse breast cancer 
tissues, leading to desmoplasia-like changes. Furthermore, they reported 
that reducing intratumoral M2-TAM by blocking E-selectin in vascular 
endothelial cells can suppress desmoplasia-like changes after chemo
therapy, indirectly affecting the TME after drug therapy. They showed 
that M2-TAM plays an important role in desmoplasia-like changes in the 
human body [31]. In this study, CDDP administration to tumor-bearing 

mice increased the number of immune cells, M2-TAM, collagen fibers, 
and desmoplasia-like changes. This suggests that increased M2-TAM 
levels in the TME are involved in desmoplasia-like changes, similar to 
the results observed in breast cancer. 

CCL2, also known as monocyte chemotactic protein 1 (MCP-1), is a 
13 kDa protein consisting of 76 amino acids, and it is known that CCL2 
has two cysteine residues adjacent to its amino terminus [33,58]. CCL2 
regulates the migration and infiltration of various immune cells, 
including monocytes, macrophages, memory T lymphocytes, and natu
ral killer (NK) cells [33,58,59]. CCL5 is a small 8 kDa chemokine that 
attracts T cells, macrophages, endothelial cells, and fibroblasts by 
binding to its receptor [60,61]. Furthermore, an increasing number of 
reports have demonstrated that CCL5 promotes tumor growth and 
metastasis by inducing TAM polarity to the M2 type [62–67]. For 
example, Mi et al. found that THP-1 macrophages co-cultured with CCL5 
exhibited increased expression of M2-related genes [65]. Nieto et al. 
showed that CCL5 increases the expression of CD163 (a marker for M2- 
TAM) in human monocytes [63]. IL-13 is a classic and potent M2-TAM 
polarity-inducing cytokine [68–73]. In the present study, the mRNA 
expression levels of IL-6, CXCL1, CCL2, CCL5, CXCL9, and IL-13, which 
were increased by CDDP treatment, were reduced by adding a p21 in
hibitor. IL-6, CXCL1, CCL2, CCL5, and CXCL9 have been previously re
ported as SASP factors [32,74]. In addition, IL-13 has been reported as 
an SASP factor in recent years [75]. In this study, IL-13 is possibly one of 
the SASP factors. Moreover, we suggest that in oral cancer, cell senes
cence occurs in the remaining cancer cells due to exposure to anticancer 
drugs. CCL2, secreted from senescent cells as an SASP factor, may induce 
macrophages near cancer cells. TAM is known to be M1-TAM in its early 
stages [57]. Hence, our results suggest that M1-TAM acquires M2 po
larity through the SASP factors, CCL5 and IL-13. As an M2-TAM, it may 
have various effects on the TME, including desmoplasia-like changes 
(Fig. 7). 

Fig. 4. Effect of CDDP treatment on the expression of SASP factors in mouse tumor cells. RNA extracted from CDDP-treated or non-treated tumor cells was used by 
RT-qPCR to compare mRNA expression levels of SASP factors within each cell. mRNA expression levels are shown. The expression levels of each gene were corrected 
for Gapdh expression and expressed as a multiple of the expression level in the control group. Values represent mean and standard deviation. n = 3. *p < 0.05, ***p 
< 0.001. 
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Fig. 5. Effect of p21 inhibitor on CDDP-induced cellular senescence in mouse tumor cells. (A) RNA extracted from CDDP-treated mouse tumor culture cells in the 
presence and absence of UC2288 was used to compare mRNA expression levels by RT-qPCR. mRNA expression levels are shown. The expression levels of each gene 
were corrected for Gapdh expression and expressed as a multiple of the expression level in the Pa cells group. Values represent mean and standard deviation. n = 3. 
***p < 0.001. (B) Immunocytochemical staining of p21 protein in CDDP-treated tumor cells is shown; protein expression of p21 decreased in the presence of UC2288 
compared to the absence. Red: p21 (middle); blue: DAPI. Scale bar: 50 µm. (C) RNA extracted from CDDP-treated tumor cells in the presence and absence of UC2288 
was used to compare mRNA expression levels of SASP factors within each cell by RT-qPCR. mRNA expression levels are shown. The expression levels of each gene 
were corrected for Gapdh expression and expressed as a multiple of the expression level in the control group. Values represent mean and standard deviation. n = 3. 
**p < 0.01, ***p < 0.001. 
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Although we have shown that inhibiting cancer cell senescence may 
suppress the changes in the TME caused by anticancer drugs, which are 
detrimental to cancer treatment, complete inhibition of cell senescence 
is challenging. To suppress aging, the development of senolytic drugs 
that specifically kill senescent cells and senomorphic drugs that act on 
the signal pathway of senescent cells, primarily reducing the secretion of 
SASP factors, are attracting attention. Demaria et al. reported that 
eliminating doxorubicin-induced senescent cells with a senolytic drug 
inhibited cancer recurrence and metastasis [17]. However, cellular 
senescence in living organisms has been shown to have anti- 
carcinogenic effects [76,77]. Therefore, understanding the dual nature 
of cellular senescence in cancer and appropriately controlling cellular 
senescence is vital. 

5. Conclusions 

This study showed that changes in the TME caused by anticancer 
drugs may be related to SASP factors, which are inflammatory cytokines 
secreted by cancer cells. Analysis of the TME is becoming increasingly 
important in cancer research; however, it cannot be performed using 
conventional immunodeficient mouse models. In this study, replicating 
in-vivo reactions observed upon administration of anticancer drugs to 
immunocompetent mice and subsequently analyzing these responses 
alongside clinical specimens may lead to the development of new 
treatment strategies to make anticancer drug treatment more effective. 

Fig. 6. Effect of p21 inhibitor for CDDP-induced collagen deposition change in mouse tumors. (A) The CDDP/UC2288-treated mouse tumors (CDDP/UC2288) and 
the CDDP/DMSO-treated mouse tumors (CDDP/DMSO) were stained with Picro-Sirius Red (n = 3). Representative images captured by bright-field (parallel) and 
polarized light (orthogonal collagen) microscopy are shown. (B) Orthogonal collagen was measured as the percentage of total unmasked pixels except perivascular in 
the field of view at a final magnification of × 200. Scale bar indicates 100 μm. The graph depicted the mean of orthogonal collagen as a multiple of the expression 
level in the CDDP/DMSO tumor group. Data were analyzed by the student t-test, *p < 0.05. 

Fig. 7. Schematic model of the change of tumor microenvironment by CDDP-induced cell senescence. CDDP directly induces inflammation in the tumor micro
environment but, at the same time, induces cellular senescence in cancer cells, which releases SASP factors into the tumor microenvironment. Ultimately, these SASP 
factors lead to an increase in TAM within the tumor microenvironment, resulting in an increase in collagen, which is a desmoplasia-like change. 
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