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Abstract
We have known that Tenascin-C(TNC) has high expression in chronic in�ammation. This research
explores the proin�ammatory mechanism and further discusses the relationship between the TNC and
the macrophages in the in�ammatory response. First, we successfully built the deep second-degree scald
models of rats. Then we found that the level of TNC increased rapidly in the skin of young rats just after
scalding, and its tendency also stays increased within a week in old rats. We also observed the in�ltration
of in�ammatory cells in the scalded skin of rats by Immunohistochemistry (IHC) staining. In addition, we
found that tenascin-c could confer a proangiogenic effect to macrophages. By monitoring the level of
VEGF, CCL2, and CCR2, we can �nd out the relationship between TNC and macrophages. We concluded
that TNC could promote skin in�ammation and wound healing in rats after scalding by inducing
in�ltration of macrophages.

Introduction
TNC is a hexameric, polymorphic extracellular matrix glycoprotein. The molecule has four different
domains, each of which can bind to cell surface protein receptors.[1] TNC has high expression during
embryonic development, tissue

repair and in pathological situations such as chronic in�ammation and cancer.[2] Although TNC has
limited expression in healthy tissues, it is rapidly up-regulating after tissue injury. Naturally, its expression
is short-lived. When tissue repair is completing, its mRNA level will be down-regulated, and protein
expression will also decrease.[3]

Macrophages are the primary regulator cells of in�ammation. It has various functions in injury, including
promoting and eliminating in�ammation, angiogenesis, and wound healing.[9] Macrophages are
classi�ed into M1 classically activated macrophages and M2 alternatively activated macrophages. M1
macrophages are produced in an in�ammatory environment dominated by TLR signals[13], and activated
M1 macrophages can produce many proin�ammatory mediators and cytokines.[14] Macrophages
activated by anti-in�ammatory cytokines are called M2 macrophages. They exist in the environment of
CD4 + Th2 responses, such as inhibiting in�ammation, promoting tissue remodeling, and angiogenesis.
[15]

It currently knows that TNC is highly expressed in in�ammation and wound healing. Tenascin-C can also
impact on cell proliferation through activation of the epidermal growth factor (EGF)-receptor and
in�ammatory signaling pathways[1]. Macrophages are the primary cells of the in�ammatory response
and interact with many proin�ammatory mediators. However, tenascin-C appears to exhibit a cell-type
speci�c effect on migration; it inhibits monocyte chemotaxis in vitro and tenascin-C-null mice exhibit
increased migration of monocytes and macro-phages in mammary tumor stroma[4]. Through this
experiment, we established the scalded skin rat model to explore whether TNC is related to macrophage
in�ltration to promote in�ammation and wound healing.
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Materials And Methods

Animals
In this study, we used male SD rats. Among them, young rats are eight weeks old and weigh about 250g;
old rats are 16 months old and weigh about 550g. We performed all operations under pentobarbital
sodium anesthesia. The procedures for care and use of animals were approved by the Ethics Committee
of the Southern Medical University and all applicable institutional and governmental regulations
concerning the ethical use of animals were followed.

Establishment of rat scald skin model
We anesthetized male rats by intraperitoneal injection of 3% pentobarbital sodium according to 1.7
mL/kg, exposed the skins, and used a constant temperature and pressure scald instrument at 94℃ for 8
seconds with the pressure of 500g to cause deep second-degree scald on the back of the rats. The back
of each rat had the same wound surface(1cm x 3cm), and we gave the rats an intraperitoneal injection of
5mL saline to prevent shock. Subsequently, we divided the rats into young and old groups, divided into
the control group and the 1st day, 4th day, and 7th day groups after the scalding.All animals were kept in
a pathogen-free environment and fed with national standard rodent feed. To avoid other drugs from
affecting wound healing, we only use sterile saline gauze wet compress. We raised three rats in each
group. To observe and record the scab formation, scab removal, and healing time of the rat wound.

Enzyme-Linked Immunosorbent Assay (ELISA)
Before scald and 1st day, 4th day, and 7th day after scald, blood was taken from the eye socket, placed at
room temperature for 20 minutes, centrifuged at 3000r/min for 15 minutes, and collected the liquid
supernatant. Firstly, we diluted the antigen to an appropriate concentration with the coating diluent,
labeled the reaction wells with a blocking enzyme, and removed the bubbles in each well. Then establish
a suitable concentration gradient to add the sample to be tested and the enzyme-labeled antibody. Finally,
add 100µl of TMB-hydrogen peroxide urea solution to each well, place it at 37°C in the dark for 3–5
minutes, and add stop solution to develop color. The expression levels of rat serum TNC, VEGF, and CCL2
were determined using the ELISA method.

Quantitative Real-time PCR(RT-qPCR)
We took the normal skin tissues and scald skin tissues of the control group, 1st day, 4th day, 7th day
groups of young rats and old rats. First, we used TRIzol one-step method to extract RNA from rat scalded
tissues and dried RNA at room temperature. Then add an appropriate amount of RNose-free solution to
the sample to dissolve the precipitate. Follow the instructions of TaKaRa for reverse transcription. In the
fourth step, after preparing the qPCR reaction system, we put the sample on the qPCR reaction machine
for the reaction. Finally, we calculated the gene expression with a CT value. The mRNA expression levels
of TNC, VEGF, and CCR2 in skin tissues were detected using RT-qPCR.

Western blot
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We took the normal skin tissues and scald skin tissues of the control group, 1st day, 4th day, 7th day
groups of young rats and old rats. Then we used western blot to detect the protein expression level of
TNC, VEGF, and CCR2. Firstly the tissue protein samples were transferred to a polyvinylidene �uoride
membrane after SDS-PAGE, blocked with 5% skimmed milk powder at 37°C for one hour, washed with
TBST buffer three times, 5 min each time, and then added I-antibody and incubated overnight at 4°C. The
next day, anti-II was added and incubated at 37°C for one hour and then developed with enhanced
chemiluminescence (ECL) reagent.

Immunohistochemistry (IHC) staining
The normal skin tissues and scald skin tissues of the control group, 1st day, 4th day, 7th day groups of
young rats and old rats were taken and �x them with formalin. Then the rat tissues were dehydrated,
embedded in wax blocks, sectioned, and processed on glass slides. After the slides rinsing with distilled
water, we added EDTA and sodium citrate antigen retrieval solution. Then the slides were rinsed with PBS
buffer, 3% hydrogen peroxide solution was added to the block for 10 minutes, and then stained. IHC
detected the protein expression of CD68 to observe the in�ltration of macrophages.

Hematoxylin-eosin(HE) staining
To take the normal skin tissues and scald skin tissues of the control group, 1st day, 4th day, 7th day
groups of young rats and old rats, and �x them in 4% formaldehyde solution for pathological preparation.
Then the rat tissues were dehydrated, embedded in wax blocks, sectioned, and processed on glass slides.
After rinsing the slides with distilled water, they were stained with hematoxylin for 3 minutes and then
differentiated with hydrochloric acid and alcohol. Then rinse the slide with distilled water again and add
eosin staining for 20 seconds. Finally, the slides are dehydrated and mounted with gum. To observe the
pathological would changes, including in�ammation and its strength by HE.

Statistical analysis
All data were analyzed using SPSS 20 software. We performed the comparison of means between two
groups by using a t-test. Furthermore, we used a single-factor analysis of variance to perform the
comparison between multiple groups. (P ≤ 0.05 asset as statistically signi�cant)

The ELISA test showed that compared with the control group, the serum TNC concentration after scalding
of young rats increased �rstly and then decreased, while the TNC concentration of old rats decreased
�rstly and then slightly increased (A). The serum VEGF concentration of young rats increased after
scalding and then decreased, while the serum VEGF concentration of old rats did not change signi�cantly
(B). The serum CCL2 concentration of young rats increased signi�cantly after scalding, while the serum
CCL2 concentration of old rats increased and then decreased to no signi�cant difference from the control
group (C). (*compared with the control group, P < 0.05; #compared with the scalded 1st day group, P < 
0.05). (Fig. 2)

RT-qPCR detection showed that compared with the control group, the expression of TNC mRNA in young
rats' skin after scalding decreased �rst and then increased signi�cantly, while the expression of TNC
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mRNA in the skin of old rats decreased (D). The expression of VEGF mRNA in the skin of young rats after
scald signi�cantly reduced immediately, while the expression of VEGF mRNA in old rats signi�cantly
reduced on the 4th day after scalding (E). The expression of CCR2 mRNA in young rats increased �rstly
and then decreased after scalding, while CCR2 mRNA in old rats increased and then decreased, and then
increased again on the 7th day (F). (*compared with the control group, P < 0.05; #compared with the
scalded 1st day, P < 0.05)(Fig. 3)

Results
In this experiment, a scald instrument was used to steam scald rats to construct a rat scald model to
exclude the in�uence of gravity, pressure, and other factors. When the scalding temperature is the same,
the scald time becomes the only factor that controls the depth of the scald. Through this model
construction method, we successfully constructed multiple groups of rat scald models.

TNC participates in the in�ammatory response and promotes tissue repair.

We measured the concentration of TNC in the serum with an ELISA kit method and found that the TNC
concentration in young rats increased signi�cantly on the �rst day after scalding and then gradually
decreased. It further proves that TNC is expressing rapidly when tissue is injured, but tissues slowly drop
after repair. (Fig. 2) Similarly, we used RT-qPCR to measure the expression of TNCmRNA and found that
although the expression of TNCmRNA in the skin tissue of young rats on the �rst day after scalding
decreased compared with the control group, the expression of TNCmRNA in one week Still an upward
trend. (Fig. 3)

The expression of VEGFA and CCR2 is directly proportional to the expression of TNC.

We used Western blot to detect the expression of the target protein in the scalded skin tissue of rats. We
selected β-Actin as the internal reference index of Western blot. When it is continuously and stably
expressing, we compare the expressions of TNC, VEGFA, and CCR2 proteins to calculate their relative
expression levels. It can found that the expression of VEGFA and CCR2 is directly proportional to the
expression of TNC. This result indicates that in�ammation occurs in the skin tissue of rats after scalding,
and the increased VEGF factors in the in�ammation site can promote angiogenesis; at the same time,
CCR2 is necessary for the recruitment of macrophages in the in�ammation site. In summary, skin
in�ammation after scalding will cause an increase in TNC content, macrophages in�ltration, and
angiogenesis. (Fig. 4)

Macrophages in�ltrate the in�ammatory response.

We measured by RT-qPCR that the relative expression of CCR2mRNA in both young and old rats increased
on the �rst day after scalding, and then it would decrease. Furthermore, because CCR2 can promote the
recruitment of macrophages at the in�ammation site during tissue injury, it indirectly re�ects the
in�ltration of macrophages at the injury site. (Fig. 3) However, we detected by ELISA that the CCL2



Page 6/13

concentration in the skin tissue of all rats increased compared to the control group on the �rst day after
scalding and then decreased, but it was still higher than the control group. Furthermore, because CCL2
can promote the formation of M2 macrophages, the increased M2 macrophages can promote tissue
repair. (Fig. 2)

We also used IHC staining and HE staining to observe the in�ltrated cells. CD + 68 cells are the most
reliable markers of macrophages. In the HE stained cell smear, the in�ltration of many in�ammatory cells
can observe in the skin tissues on the 7th day after scalding. It proves that the scald causes an
in�ammatory response in rat skin tissues. (Fig. 6) In the IHC stained smear, we can observe the in�ltration
of a large number of CD68 + cells. Therefore, it is proving that macrophages are involved in the
in�ammatory response of scalded skin tissues. (Fig. 5)

Discussion
Our experiment used the skin of rats to construct an in�ammation model after scalding. Scald is a
common form of injury. Local in�ammation in tissue damage is essential for wound healing and the
defense against infection.[16] Macrophages run through all stages of the repair response, and they
increase in the in�ammation stage, reach a peak in the tissue formation stage, and gradually decrease in
the mature stage.[17] The early stage of the repair reaction is mainly in�ammation, which locally activates
the innate immune system, initiates a local in�ammatory response, and recruits in�ammatory cells from
the blood circulation.[18, 19] The recruited macrophages are activated by proin�ammatory mediators
released by the serum after injury, leading to the expression of VEGF and TGF-β1 and inducing the
proliferation of �broblasts and endothelial cells and contributing to wound angiogenesis and
myo�broblast differentiation.[20] The repair response enters the late stage, mainly anti-in�ammatory, cell
proliferation is weakening, the production and release of mononuclear macrophages reduced, and the
expression of VEGF and TGF-b1 continues to decline, which ultimately weakens the degree of granulation
tissue formation.[21]

Tenascin-C has been involved in angiogenesis as an extracellular signal molecule[22]. VEGF and CCL2
secretion in the supernatant was determined by ELISA assay. The data revealed that tenascin-c markedly
prompted VEGF and CCL2 secretion and mRNA expression in macrophages. Therefore, we found
tenascin-c could confer a proangiogenic effect to macrophages. It shows that TNC is not only involved in
in�ammation but also tissue repair possibly. (Fig. 2)

On the �rst day after scald, compared with the control group, the serum TN-C and VEGF concentrations of
young rats increased signi�cantly. However, the serum concentrations in aged rats decreased. This may
be related to the causes of “in�amm-aging”. Although there is no exact understanding about it. However,
several common molecular pathways such as autophagy have been identi�ed that seem to be associated
with both aging and lowgrade in�ammation. Autophagy, the cell machinery process that removes
damaged proteins and large aggregates, is also slowed up at older age and in age-related disease,
causing damaged material to accumulate and reduce cellular e�ciency. The down-regulation of the
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related expression of TNC mRNA and VEGF mRNA in aged rats indicates that Tenascin-C protein is
cleared from the tissues, and it is unlikely to play a role in long-term ECM remodeling.

The study found that the content of TNC increased in the in�ammation site, and its mRNA expression
decreased during the late stage of the scald. TNC can combine with cell surface receptors and further
directly affect cell signal transduction and cell proliferation.[5–7] In mouse synovial macrophages, TNC-
induced integrin-mediated signal transduction up-regulates various proin�ammatory molecules, including
CCL2.[8] The differential regulation of the chemokine system integrates polarized macrophages in the
pathway of tissue repair and remodeling. CCL2 is a chemokine related to the polarization of CD4 + Th2.
CCR2 is necessary for the recruitment of macrophages to tissues during injury. When proin�ammatory
signals spread throughout the body, they may down-regulate the expression of in�ammatory chemokine
receptors such as CCR2 to provide a stop signal to recruited macrophages to inhibit excessive
macrophage recruitment at sites of in�ammation and tissue damage.

Conclusion
We can reasonably speculate that macrophage migration was prompted by tenascin-c exposure. And
TNC promotes skin in�ammation and healing after scalding by inducing the in�ltration of macrophages.
This may be related to the expression of annexin II. Some studies have shown that Annexin II acts as a
cell surface receptor of tenascin-c and was demonstrated to mediate the effect of tenascin-c on
macrophage migration[23]. Modulation of tissue levels of humoral factors such as VEGFA, regulation of
cell response to key growth factors, and direct effects on cell morphology and adhesion are mechanisms
used by tenascin-C to guide blood vessel formation during repair[4].

This experiment mainly explored the relationship between macrophages and tenascin C, and did not
detect the in�uence of neutrophils on them. In addition, we only use CD68 + to label macrophages.
Therefore, in further research, we will use more antibodies to mark macrophages and study the
relationship between neutrophils, macrophages and tenascin C. At present, we can only conclude that
TNC promotes in�ammation and wound healing, which is also accompanying angiogenesis, and the
in�ltration of macrophages leads to the occurrence of in�ammation. Regarding in�ammation-aging, the
focus of research on improving the understanding of aging and age-related disease in�ammation
regression mechanisms should also be given priority, since this is an under-researched area. All these
molecular pathways are, or have the potential to be developed as drug targets for clinical intervention,
help to alleviate and regulate in�ammation, and may play a role in delaying the onset or treatment of age-
related diseases.
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See image above for �gure legend.
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Figure 2

See image above for �gure legend.
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Figure 3

See image above for �gure legend.
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Figure 4

See image above for �gure legend.

Figure 5

See image above for �gure legend.

Figure 6

See image above for �gure legend.


