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Abstract: Personalized vaccines demonstrate remarkable potential in leveraging tumor-specific adaptive 

immunity for cancer therapy. Nevertheless, current platforms face persistent challenges including 

premature systemic clearance and imprecise antigen-presenting cell targeting, culminating in transient 

and inefficient antitumor immunity. Furthermore, the technical complexity, extended timelines, and 

prohibitive costs required for tumor-specific neoantigen identification continue to impede the clinical 

translation of personalized cancer vaccines. Here, we report a tumor-derived extracellular vesicle-based 

scaffold vaccine that elicits robust and durable antitumor immunity for personalized cancer 

immunotherapy. Following subcutaneous administration, the in situ-formed hydrogel vaccine serves as a 

sustained reservoir for tumor-derived extracellular vesicle antigens and adjuvants while recruiting 

antigen-presenting dendritic cells to accumulate within the scaffold. Upon exposure to this antigen-rich 

depot, immature dendritic cells undergo efficient activation, with subsequently matured dendritic cells 

migrating to draining lymph nodes, where they induce potent and persistent tumor-specific CD8+ T-cell 

responses that suppress tumor progression across multiple murine models. Specifically, when using 

tumor-derived extracellular vesicles isolated from surgically excised tumor tissues, the patient-tailored 

vaccines demonstrate remarkable efficacy in preventing postoperative recurrence. Our findings validate 

the robust and durable therapeutic efficacy of this vaccine platform, highlighting its potential as a 

customizable strategy for personalized cancer immunotherapy. 

 

 

INTRODUCTION 
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Cancer vaccines represent a paradigm-shifting immunotherapeutic strategy that activates tumor-

specific adaptive immunity for precise malignant cell targeting, demonstrating transformative potential to 

redefine modern oncology frameworks1–4. Personalized cancer vaccines utilize systematically 

characterized tumor mutanomes to engineer neoantigen-based formulations, which elicit tumor-selective 

T-cell responses through optimized epitope prioritization5–7. Despite this promise, current personalized 

cancer vaccines show suboptimal clinical efficacy, with merely three FDA-approved formulations 

demonstrating limited therapeutic benefits8. These immunogenic limitations stem from rapid mononuclear 

phagocyte system-mediated clearance of conventional delivery platforms and insufficient antigen 

accumulation in lymph nodes9. While passive drainage enables partial vaccine component access to 

lymphatics, inadequate antigen retention and disorganized spatial distribution critically compromise 

dendritic cell-mediated capture and processing cascades, ultimately leading to transient T-cell activation 

and inadequate antitumor immunity10. Moreover, the neoantigen discovery pipeline—encompassing 

tumor antigen screening, computational prediction, and experimental validation in individual patients—

constitutes a multidimensional, resource-intensive process that critically impedes the clinical translation 

of personalized cancer vaccines11–13. To overcome these barriers, systematic engineering of neoantigen 

acquisition coupled with rationally designed antigen-presenting cell -targeted delivery platforms 

represents imperative to unlock the full clinical potential of this precision immunotherapy. 

Extracellular vesicles (EVs), naturally secreted nanoscale vesicles with lipid bilayer architectures, 

faithfully mirror the molecular signatures of their parental cells14–16. Tumor-derived extracellular vesicles 

(TEVs) serve as natural reservoirs of tumor-associated antigens, including neoantigens that evade 

conventional identification methods17–19. Our protein level validation in prostate cancer surgical 

specimens revealed preserved antigenic profiles in TEVs, demonstrating equivalent expression levels of 

prostate-specific antigens (PAP, PSCA, PSMA) between TEVs and matched tumor lysates (Fig. 1, A and 

B). Furthermore, a protease protection assay confirmed that these antigens are predominantly localized 

on the surface of TEVs (Supplementary Fig. 1). Mechanistically, TEVs coordinate patient-specific 

antitumor immunity through intrinsic delivery of individualized neoantigen repertoires6,20,21. Clinically, 

autologous TEVs could be isolated from surgical specimen, which bypass computational neoantigen 

prediction through comprehensive antigen payloads, enabling accelerated personalized vaccine 

manufacturing. TEV-based vaccines thus represent a breakthrough platform in precision immunotherapy 

by leveraging biomimetic carriers of tumor-specific antigens. However, TEVs are susceptible to rapid 

clearance by the mononuclear phagocyte system, while their suboptimal size distribution hinders effective 
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lymphatic transport, thereby significantly restricting their therapeutic potential10,22. We therefore propose 

that spatiotemporal reprogramming of TEVs’ biodistribution to sustain antigen-presenting cell 

interactions will elicit robust and durable tumor-specific immunity. 

Notably, peptide-based supramolecular hydrogels have emerged as a transformative drug delivery 

platform due to their inherent biosafety, biocompatibility, and multifunctionality23–26. These biomaterials 

demonstrate exceptional depot functionality by enabling enhanced local drug retention coupled with 

controlled release kinetics, thus maximizing therapeutic bioavailability at the target site27–29. Our recent 

work has established their unique suitability for localized delivery of immune modulators, with payload 

release significantly prolonged through electrostatic interactions30–32. Specifically, engineered hydrogel 

scaffolds can reconstruct lymph-node-mimicking immune niches - three-dimensional microenvironments 

where interconnected macroporous networks facilitate immune cell infiltration, interaction, and 

dissemination33,34. Building on this premise, we propose that hydrogel-based antigen/adjuvant depots, 

while recruiting dendritic cells (DCs) to accumulate within the scaffold, enable enhanced DC uptake 

efficiency through sustained exposure to abundant payloads. Following maturation, these DCs migrate to 

lymph nodes to activate T-cell responses. This paradigm-shifting strategy overcomes conventional 

vaccine limitations via spatiotemporal reprogramming of antigen/adjuvant biodistribution, thereby 

extending DC-antigen engagement duration and amplifying antitumor immunity through coordinated 

immune modulation. 

In this context, we develop a TEVs-based scaffold vaccine for personalized cancer immunotherapy and 

demonstrated the system’s high potency in eliciting robust and durable immunity against tumor regression 

(Fig.1C). The vaccine components- TEVs and adjuvant 2'3'-c-di-AM(PS)2 (CDA), along with the 

granulocyte-macrophage colony-stimulating factor (GM-CSF) for dendritic cell recruitment - are 

integrated onto self-assembling FK12 peptide nanofibers (FK12F). Following subcutaneous injection, the 

TCG/FK12F complex rapidly transforms into a hydrogel vaccine that serves as a localized depot, 

substantially extending the retention duration of immunotherapeutic agents. The scaffold facilitates 

antigen-presenting DCs recruitment and concentration, enabling immature DCs to capture and process 

TEV antigens with CDA adjuvant support, thereby promoting DC maturation. These antigen-primed 

mature DCs then migrate to draining lymph nodes, initiating potent tumor-specific CD8+ T-cell activation 

that confers long-term antitumor protection. Our results demonstrate that the personalized TCG/FK12F 

vaccine effectively suppresses postoperative tumor recurrence and enhances overall survivals in both RM-

1 prostate cancer and 4T1 breast cancer models. 
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RESULTS  

Characterization of TCG/FK12F hydrogel vaccine  

To construct a biocompatibility and biodegradability hydrogel scaffold, a self-assembling peptide 

FKFEFKFEGRGD (FK12) was the synthesized (Supplementary Fig. 2). This amphiphilic molecule is 

capable of self-assembling into regular and homogeneous nanofibers (FK12F) in aqueous solutions, which 

can subsequently intertwine to form supramolecular hydrogels under physiological conditions (Fig. 2A). 

We then simulated the in vivo environment by adding counterions (PBS or serum) to the FK12F aqueous 

solution, and found that the originally flowing solution immediately transformed into a self-supporting 

hydrogel (Fig. 2B and Supplementary Fig. 3A). Rheological tests corroborated this observation, as the 

storage modulus (G') rapidly exceeded the loss modulus (G'') upon PBS or serum addition (Fig. 2C and 

Supplementary Fig. 3B), indicative of a phase transition and enhanced elastic properties.  

TEVs were obtained from culture medium supernatants of RM-1 prostate cancer cells to prepare 

vaccine for subsequent experiments. Transmission electron microscopy revealed that the extracted TEVs 

showed a characteristic cup-shaped morphology (Fig. 2D). The results of nanoflow analysis showed that 

the particle size distribution of the TEVs was within the 30-160 nm interval (Fig. 2E). Western blot 

analysis of TEVs compared with RM-1 cell lysates (CLs) demonstrated negligible expression of the 

contaminant protein Calnexin, Apoa-1 and GM130 in TEVs, alongside positive expression of 

extracellular vesicle markers Flotillin-1, CD63, and CD9 (Fig. 2F and Supplementary Fig. 4). These 

findings collectively confirm the successful isolation of TEVs from RM-1 cells. To prepare vaccine 

preparations, we mixed negatively charged GM-CSF, CDA and TEVs with positively charged FK12F. The 

decrease in the Zeta potential of the solution after loading the vaccine components suggests that the 

components were successfully condensed on the surface of FK12F by electrostatic interaction (Fig. 2G). 

Meanwhile, confocal microscopy revealed a uniform distribution of TEVs within FK12F, confirming their 

effective incorporation (Fig. 2H). Similar experimental results showed that FK12F loaded with vaccine 

components retained its capacity to form a gel in the presence of PBS (Supplementary Fig. 2, D). 

The release of GM-CSF and CDA from the TCG/FK12F hydrogel was subsequently investigated in 

vitro at 37°C. We observed that both components showed a nonlinear sustained slow release (Fig.2I). 

Within 13 d GM-CSF released 51% while CDA released 80%. This nonlinear release profile is 

characteristic of therapeutic agents encapsulated within hydrogels, where the release rate decreases over 

time after an initial abrupt release. We then evaluated the biodegradation of FK12F in vivo by subcutaneous 

injection of FK12F solution into the back of C57/BL6 mice. 15 minutes after injection, we euthanized the 
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mice and could observe that the injected FK12F solution had formed a well-defined spherical gel. The in 

situ-formed FK12F hydrogel demonstrated gradual biodegradation over 15 days (Supplementary Fig. 5).  

To further assess the potential of FK12F hydrogels as drug reservoirs, we investigated subcutaneous 

therapeutic release behavior in mice using Cy7-labeled CDA and DIR-labeled TEVs, respectively. The 

fluorescently labeled CDA and TEVs were mixed with FK12F aqueous solution, respectively, and the 

mixed solution were subsequently injected subcutaneously into mice; free Cy7-labeled CDA and DIR-

labeled TEVs were used as controls. In vivo fluorescence imaging revealed that both CDA and TEVs in 

the FK12F hydrogel exhibited strong localized signals at the injection site and negligible accumulation in 

major organs (liver, spleen, kidney, heart, and lung) (Fig. 2J, K and Supplementary Fig. 6). This indicates 

that the vaccine components were effectively retained locally without systemic dissemination. As 

envisaged, the fluorescence intensity of free CDA and TEVs declined rapidly with time, and fluorescence 

was barely detectable after 5 days. In contrast, the FK12F-treated group still remained strong fluorescent 

intensity through day 15 (Fig. 2, J and K). These results further demonstrated that the FK12F hydrogel can 

serve as a therapeutic reservoir, significantly extending the local release time of the vaccine components. 

Moreover, hematoxylin eosin staining of major organs, complete blood counts, serum biochemistry, and 

cytokine analysis showed no significant differences between TCG/FK12F-treated mice compared to 

healthy controls (Supplementary Fig. 7). Specifically, serum IL-6 levels were comparable to those in 

healthy mice (Supplementary Fig. 8), indicating that localized TCG/FK12F administration does not induce 

systemic inflammation and exhibits a favorable safety profile. 

TCG/FK12F activates DCs in situ and enhancing lymph node migration for adaptive immunity 

To investigate the underlying mechanism of the vaccine, we surgically removed the subcutaneous 

gel implants after a designated period and performed flow cytometric analysis. By directly comparing the 

effects of TLs and TEVs on DC activation, we found that in the absence of CDA, TEVs did not markedly 

enhance the expression of co-stimulatory molecules CD80/CD86 on DCs relative to TLs, however, they 

induced a significantly higher level of MHC I expression (Supplementary Fig. 9). These data indicate 

that, although TEVs alone are insufficient to drive full DC maturation, they possess superior antigen-

presenting potential compared with TLs. Notably, a significant higher number of DCs were detected in 

the TCG/FK12F group compared to the FK12F and CG/FK12F groups (Fig. 3A). To further delineate 

infiltrating DC subsets, we quantified conventional DCs (cDCs), monocyte-derived DCs (moDCs), and 

plasmacytoid DCs (pDCs) by flow cytometry. Compared to the FK12F group, the CG/FK12F formulation 

enhanced the abundance of cDC1s and moDCs (Supplementary Fig. 10), indicating that the adjuvant 
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potentiates the recruitment of these functionally critical DC subsets. Furthermore, the TCG/FK12F vaccine 

significantly increased the percentages of cDC1s, cDC2s, and moDCs within the hydrogel relative to 

control groups. Meanwhile, the proportion of activated DCs in the TCG/FK12F group was 4-fold and 1.6-

fold higher than in the FK12F and CG/FK12F groups, respectively (Fig. 3B). Furthermore, DCs in this 

group showed significantly elevated expression of the CCR7 receptor (Fig. 3C), a key mediator of lymph 

node migration. Accordingly, inguinal lymph nodes of TCG/FK12F-immunized mice exhibited 2.8-fold 

and 1.9-fold increases in activated DCs compared to those from FK12F- and CG/FK12F-treated mice, 

respectively (Fig. 3D). Importantly, TCG/FK12F induced significantly higher percentage of CD4+ (21.4%) 

and CD8+ (16.3%) T cells compare with the FK12F (14.2% and 12.5%) and CG/FK12F (15.1% and 13.7%) 

treatment groups (Fig. 3E and F).  

Furthermore, using an OVA-expressing RM-1 tumor model (Supplementary Fig. 11), we assessed 

antigen-specific immunity induced by the TEV-based hydrogel vaccine. Flow cytometry revealed that 

vaccination significantly upregulated MHC class I on DCs both within the hydrogel and in draining lymph 

nodes (Fig. 3G, H and Supplementary Fig. 12). This was accompanied by a marked increase in OVA-

specific DCs (Fig. 3I), confirming efficient antigen delivery and antigen-dependent DC activation. In 

parallel, we observed a substantial expansion of SIINFEKL–H-2Kᵇ tetramer⁺ CD8⁺ T cells in draining 

lymph nodes, and splenocytes from vaccinated mice exhibited increased frequencies of IFN-γ⁺ CD8⁺ T 

cells upon ex vivo OVA restimulation (Fig. 3J and K). Together, these data demonstrate that the hydrogel 

vaccine promotes robust antigen-specific DC activation and primes a functional antigen-specific CD8⁺ T-

cell response. Collectively, our results robustly support that TCG/FK12F, as an efficient hydrogel vaccine 

scaffold system, facilitates DCs recruitment, maturation, and lymph node homing, thereby successfully 

initiating a potent adaptive anti-tumor immune response (Fig. 3L).  

TCG/FK12F vaccine elicits robust tumor-specific immunity to suppresses tumors  

To evaluate the therapeutic efficacy of the vaccine initially, we established a subcutaneous tumor 

model using the murine prostate cancer cell line RM-1. When tumors reached 100-150 mm3, mice were 

randomized into treatment groups, and the vaccine was injected by subcutaneously into the contralateral 

side of the tumor to evaluate the TCG/FK12F vaccine and its synergistic anti-tumor effect with the immune 

checkpoint inhibitor aPD-1 (Fig. 4A). The results showed that the TCG/FK12F group and the combined 

treatment group (TCG/FK12F+aPD-1) significantly suppressed subcutaneous tumor growth and 

significantly prolonged the survival time of mice (Fig. 4B and C). In particular, 62.5% of mice in the 

combined treatment group remained alive at day 60, whereas the aPD-1, /FK12F, and ree TCG groups 
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exhibited minimal improvements in survival. To dissect the changes in immune infiltration in the TME 

after different treatments, tumors were collected ten days after treatment for flow cytometry and cytokine 

assays. The results show that TCG/FK12F vaccine treatment significantly elevated the infiltration of CD8+ 

T cells and CD8+ IFN-γ+ T cells in TME, which was further enhanced by combining with aPD-1 (Fig. 4, 

D and E). Likewise, antitumor-associated cytokines were up-regulated in varying proportions (Fig. 4F 

and Supplementary Fig. 13, A to E). Consistent with the therapeutic outcomes, aPD-1 and CG/FK12F 

treatment alone helped minimally to elevate immune infiltration, while free TCG also failed to 

demonstrate a significant effect, probably due to its limited in vivo retention. 

To assess whether vaccine-activated T cells exhibit antigen specificity, splenocytes of mice were 

harvested 10 days after vaccination and incubated with TEVs (from RM-1 cells) for 24 hours. Enzyme-

linked immunospot (ELISpot) assay was used to assess Interferon-γ (IFN-γ) secret from mice T cells after 

exposure to tumor antigens in different groups. Minimal IFN-γ-positive spots were detected in the PBS 

and CG/FK12F groups, indicating that adjuvant alone elicits negligible antigen-specific T-cell activation 

(Fig. 4G and H). In the TCG treated group, a moderate number of T cells were activated, and this weak 

immune response may result from the limited duration of vaccine action. The TCG/FK12F treated group 

exhibited a significantly higher frequency of IFN-γ-positive spots than the other groups, underscoring its 

superior capacity to activate antigen-specific T cells. Furthermore, to confirm that the therapeutic effect 

depends on TEV-specific antigens, we generated a control vaccine (TB16CG/FK12F) using TEVs from 

heterologous B16 cells. As shown in Supplementary Fig. 14, this control vaccine lacked significant 

efficacy, supporting the antigen-specific mechanism of action. These results strongly demonstrate that 

CD8+ T cells respond to TEVs restimulation in a tumor antigen-specific way. To further delineate the 

contributions of T-cell subsets to vaccine efficacy, we depleted CD4+ or CD8+ T cells in RM-1 tumor-

bearing mice using specific antibodies. Depletion of CD4+ T cells partially impaired the antitumor effect 

of TCG/FK12F, whereas clearance of CD8+ T cells significantly reduced tumor growth inhibition 

(Supplementary Fig. 15 and Fig. 4I). These results confirm the positive effect of the TCG/FK12F vaccine 

on the tumor immune microenvironment, suggesting that the efficacy of the vaccine is attributable to a 

robust immune response. 

Surviving mice were rechallenged on day 60 by injecting tumor cells into the contralateral flank to 

assess whether TCG/FK12F vaccine established a long-term immune memory (Fig. 4A). Meanwhile, we 

used untreated naive mice as a control group. As shown in Fig. 4J, naive mice were able to observe 

significant tumor development after inoculation and continued to grow over time. In contrast, almost no 
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detectable tumors were observed in mice from the previous long-term survival group, suggesting 

sustained resistance to tumor rechallenge. Meanwhile, these mice maintained a 100% survival rate 

through day 120 (Fig. 4K). To further investigate the underlying immune mechanisms, we euthanized 

previously long-surviving mice on day 120 and extracted lymphocytes from the spleen for flow cytometry 

analysis. We found both CD8+CD44highCD62Lhigh central memory T (Tcm) cells and 

CD8+CD44highCD62Llow effector memory T (Tem) cells were elevated in the TCG/FK12F+aPD-1-treated 

group of mice compared to naive mice (Supplementary Fig. 16 and Fig. 4L and M). This suggests that the 

vaccine induced T-cell memory immunity and established long-term immunity to curb tumor recurrence.  

TCG/FK12F significantly suppresses proliferation in orthotopic prostate cancer and metastasis in 

4T1 breast cancer 

Since prostate cancer is characterized as an immunologically cold tumor, we constructed an 

orthotopic model mouse of prostate cancer to more accurately replicate the tumor microenvironment and 

evaluate the efficacy of the vaccine. We subcutaneously injected the vaccine preparations on day five after 

the in situ injection of RM-1 cells into the mouse prostate. We then assessed the therapeutic efficacy of 

the vaccine using tumor bioluminescence imaging and by monitoring survival (Fig. 5A). As shown in Fig. 

5B and Supplementary Fig. 17, treatment with the TCG/FK12F vaccine not only significantly inhibited 

tumor progression but also showed a further enhanced therapeutic effect when combined with aPD-1 

therapy. Correspondingly, the two groups exhibited markedly prolonged survival compared to the PBS 

and CG/FK12F groups (Fig. 5C). The mice were euthanized on day 15 and the tumors were obtained by 

autopsy. Both groups of mice demonstrated better tumor inhibition similarly (Fig. 5D and Supplementary 

Fig. 18). Flow cytometry analysis of orthotopic tumor tissues revealed higher infiltration of CD8+ T cells 

and CD8+ IFN-γ+ T cells in the TCG/FK12F and TCG/FK12F + aPD-1 groups compared to the other groups 

(Supplementary Fig. 19 and 20). Consistent with this, immunohistochemistry and immunofluorescence 

analyses revealed increased CD8⁺ T-cell infiltration and a higher abundance of granzyme B⁺ cytotoxic T 

cells, respectively, in tumors receiving TCG/FK12F combined with aPD-1 (Fig. 5E and Supplementary 

Fig. 21). In addition, immunofluorescence staining revealed elevated PD-1 expression on tumor-

infiltrating CD8⁺ T cells following vaccination (Supplementary Fig. 22), suggesting that sustained 

immune activation induced a state of partial T-cell exhaustion. This finding provides a mechanistic 

rationale for the enhanced therapeutic benefit achieved upon combination with immune checkpoint 

blockade. Furthermore, in the OVA-expressing RM-1 orthotopic model, flow cytometry demonstrated a 

significant increase in H-2Kᵇ–OVA tetramer⁺ CD8⁺ T cells within tumor tissues following TCG/FK12F 
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vaccination (Supplementary Fig. 23), indicating robust antigen-specific cytotoxic T-cell activation in the 

tumor microenvironment. Additionally, cytokine detection in tumor tissues showed a marked elevation 

of anti-tumor cytokines—including IFN-α, IFN-β, IFN-γ, TNF-α, and IL-6—in these two groups 

compared to the others (Fig. 5F), underscoring the vaccine’s capacity to modulate the tumor immune 

microenvironment effectively. 

Considering that tumor metastasis is a major cause of death in patients with advanced tumors, we 

evaluated the efficacy of the TCG/FK12F vaccine in suppressing metastasis. To monitor tumor metastasis 

in mice, we used luciferase-labeled 4T1 cells to establish a systemic metastasis model by injecting these 

cells into the left ventricle of mice (Fig. 5G). We administered vaccine and other group treatments on the 

seventh day after cell injection. Bioluminescence imaging showed that by day 15, the PBS and aPD-1 

group developed extensive systemic metastases and progressive mortality, whereas the TCG/FK12F and 

TCG/FK12F + aPD-1 mice displayed significantly attenuated disease progression, with metastatic burden 

in the TCG/FK12F + aPD-1 group being almost exclusively confined to the lungs (Fig. 5, H and I). After 

euthanasia, peripheral blood, spleen, and lung tissues were collected for analysis. Flow cytometry of 

peripheral blood revealed a marked increase in circulating IFN-γ⁺ CD8⁺ T cells in TCG/FK12F-treated 

mice (Supplementary Fig. 24A), indicating robust systemic T-cell activation. Consistent with this, ex vivo 

restimulation of splenocytes with TEVs induced a significant increase in IFN-γ⁺ CD8⁺ T cells 

(Supplementary Fig. 24B), confirming functional antigen-specific responses. This systemically activated, 

tumor-specific immunity further suppressed metastasis, as evidenced by examination of the lungs, which 

showed significantly fewer and smaller metastatic nodules in the TCG/FK12F and TCG/FK12F + aPD-1 

groups compared to the PBS, aPD-1, and TCG alone groups (Fig. 5J, Supplementary Fig. 25). 

Collectively, these findings highlight the robust anti-metastatic potential of the TCG/FK12F vaccine, 

underscoring its efficacy not only in local tumor control but also in preventing metastatic spread in a range 

of cancer models. 

Personalized TCG/FK12F vaccine effectively prevents tumor recurrence after surgery 

Tumor recurrence is very common after surgery and significantly impacts patients' quality of life and 

prognosis. Recurrence may occur if surgery fails to completely remove the tumor, leaving behind minimal 

residual disease (MRD). To simulate this clinical situation, we constructed surgical resection models, 

including an RM-1 cell-based subcutaneous tumor resection model for prostate cancer and a 4T1 cell-

based orthotopic tumor resection model for breast cancer. Mice inoculated with tumors underwent 

surgical excision after a period of time, leaving a few tumors to simulate residual lesions. The excised 
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tumors were used to extract TEVs to prepare personalized vaccines, which were subsequently infused 

back into the mice subcutaneously for treatment and monitoring of tumor recurrence (Fig. 6A). We 

performed relevant characterization of TEVs extracted from tumor tissues and verified the successful 

preparation of personalized TEVs (Supplementary Fig. 26A to D). As we can see from the RM-1 tumor 

resection model, although aPD-1 and TCG treatment delayed tumor recurrence in some degree, the anti-

tumor effect was very limited and failed to enhance the survival rate of mice (Fig. 6B to D and 

Supplementary Fig. 27). In contrast, mice treated with the TCG/FK12F vaccine demonstrated potent tumor 

suppression, with a survival rate of 25% at 90 days and up to 62.5% by combining with aPD-1. 

We expanded the sample size and further replicated the experiment to obtain RM-1 tumor tissues 

from different groups for detection. Transcriptome sequencing analysis of the tumor tissue showed that 

gene expression upregulated by CG/FK12F treatment was relatively limited (Fig. 6E). In contrast, 

TCG/FK12F vaccine treatment resulted in the expression of a large number of immune-related genes 

within the tumor, including Cd8a and Cxcr6, suggesting that TEVs play a key role in the vaccine (Fig. 

6F). This is similarly corroborated by the heat maps of gene expression in the three groups (Fig. 6G). 

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysies of 

genes up-regulated in TCG/FK12F showed that most of these genes act on immune-related pathways, such 

as T-cell proliferation and activation, cell killing, cytokine response, etc (Fig. 6H). Subsequent immune 

infiltration analysis further disclosed a marked increase in CD8+ T-cell abundance in the TCG/FK12F 

group compared to both the PBS and CG/FK12F groups, indicative of enhanced antitumor immunity (Fig. 

6I). Additionally, other anti-tumor immune cells, including DCs, NK cells, and Th1 cells, were also 

elevated in the TCG/FK12F group. Consistently, the TCG/FK12F vaccine showed significant efficacy in 

an orthotopic 4T1 breast cancer resection model, significantly inhibiting tumor recurrence (Fig. 6J and 

K). Accompanying flow cytometry analysis revealed a marked increase in IFN-γ⁺ CD8⁺ T cells 

(Supplementary Fig. 28), aligning with our earlier results and confirming its role in promoting antitumor 

T-cell responses. These results suggest that the personalized vaccine significantly inhibits postoperative 

tumor recurrence, and that this efficacy is enhanced by the combination of immune checkpoint inhibitors.  

DISCUSSION  

This study demonstrates that a personalized TEVs-based hydrogel vaccine induces robust immune 

activation, significantly augmenting T-cell infiltration into the TME and overcoming immunosuppressive 

barriers characteristic of cold tumors. Although conventional cancer vaccines show limited antitumor 

immune response38,39 - mirrored in our experiments where TEVs with adjuvants alone demonstrated poor 
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efficacy due to rapid clearance and metabolic degradation  - the FK12F hydrogel integration fundamentally 

addresses these limitations. Through electrostatic adsorption-mediated vaccine components 

incorporation, the hydrogel platform substantially prolongs immunotherapeutic agent retention and 

extends vaccine component duration compared to solution formulations. This engineered TCG/FK12F 

vaccine achieves in situ DC recruitment/activation, followed by DC migration to lymph nodes to initiate 

adaptive immunity. By programming spatiotemporal control over antigen/adjuvant biodistribution, our 

strategy overcomes the clearance encountered by traditional vaccines during their migration to the lymph 

nodes40–42, ultimately generating a potent tumor-specific T-cell response through sustained immune 

stimulation. 

These findings establish the mechanistic foundation for the enhanced therapeutic outcomes observed 

in TCG/FK12F-treated tumor-bearing mice. Specifically, in the RM-1 prostate cancer model, TCG/FK12F 

vaccine synergized with aPD-1 to achieve significant tumor growth suppression and optimal survival 

rates. The vaccine's clinical potential is also underscored by its capacity to establish durable T-cell 

memory, as validated through tumor rechallenge experiments - coupled with superior survival benefits in 

both orthotopic and metastatic models, suggesting unprecedented efficacy in recurrence prevention. 

Consistent with these discoveries, our studies also demonstrated that the TCG/FK12F vaccine effectively 

enhanced T cell infiltration in TME, driving a critical shift from an immunologically cold into hot 

phenotypes. Most remarkably, the engineering of personalized cancer vaccines using TEVs isolated from 

surgically excised tumors exemplifies the platform's unparalleled adaptability, generating tumor-selective 

therapeutic efficacy through individualized antigen profiling. This precision strategy, specifically 

optimized for postoperative adjuvant therapy, harnesses autologous tumor antigens to maintain sustained 

antitumor immunity while overcoming traditional vaccine limitations, thereby substantially reducing 

recurrence risks through biologically personalized intervention. 

Our experimental data confirm that TEVs, which are inherently rich in tumor-associated antigens, 

demonstrated potent immunostimulatory capacity. Unlike conventional EV vaccines requiring artificial 

neoantigen loading, this autologous TEV-based approach streamlines vaccine production through direct 

tumor-derived antigen utilization, simultaneously achieving personalized precision while eliminating 

complex antigen identification processes - thereby reducing manufacturing costs and shortening 

preparation timelines compared to synthetic platforms43–45. More importantly, the hydrogel delivery 

system establishes a subcutaneous antigen depot that significantly increasing the local concentration and 

extends bioactive persistence versus conventional administration, while circumventing rapid lymphatic 
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clearance through controlled release kinetics46,47. Mechanistically, TEVs outperformed tumor lysates by 

inducing greater DC activation and higher cytotoxic T-cell proliferation48–51, likely due to preserved 

membrane topology and nano-scale dimensions that enhance antigen-presenting cell recognition49,50,52. In 

addition, compared to whole-cell therapies, TEVs do not have cellular structures, enhancing their safety 

profile. However, safety concerns regarding TEVs should not be overlooked, as they have been linked to 

tumor progression53,54. In our study, TEVs were loaded into a hydrogel and acted locally at the injection 

site, avoiding systemic circulation and thereby minimizing associated risks. The successful translation of 

this approach to the clinic, nevertheless, depends on several critical steps: comprehensive safety 

evaluation, precise dose optimization, the development of scalable GMP-compatible manufacturing 

protocols to ensure sufficient TEV yield, and a plan for ongoing therapeutic monitoring. 

In summary, we develop a TEVs-based scaffold vaccine that elicits robust and durable antitumor 

immunity, demonstrating the system’s high potency for personalized cancer immunotherapy. We show 

that the in situ formed TCG/FK12F hydrogel serves as a localized depot, prolonging retention of the 

vaccine components. This scaffold facilitates antigen-presenting DCs recruitment, enabling immature 

DCs to capture and process TEV antigens with CDA adjuvant support, thereby promoting DC maturation 

and eliciting robust tumor-specific CD8+ T-cell activation to suppress progression in different tumor 

models. Notably, patient-specific TCG/FK12F vaccines tailored to individual tumors markedly prevent 

postoperative tumor recurrence. Our findings demonstrate that this rapidly customizable personalized 

vaccine induces potent and long-lasting antitumor immunity, exhibiting strong potential for clinical 

translation.  

METHODS 

Ethics statement 

This study adhered to the ARRIVE (Animal Research: Reporting of In Vivo Experiments) guidelines. All 

the animal experiments were performed in accordance with the animal protocol approved by the Animal 

Ethics Committee at Shanghai Jiao Tong University (approval number: A2024071). The maximal tumor 

size permitted by the ethics committee was 2000 mm³, and we confirm that this maximal tumor size was 

not exceeded in any experiment.  

The human prostate tissues collection in this study was approved by the Research Ethics Committee of 

the Renji Hospital, Shanghai Jiao Tong University School of Medicine (approval number: KY2022-
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136A). Written informed consent was obtained from all patients prior to the collection and use of human 

prostate tissue samples. 

Study design 

The objective of this study was to develop a TEVs-based personalized hydrogel vaccine for cancer 

immunotherapy. Using multiple murine tumor models, the efficacy of the TCG/FK12F vaccine in eliciting 

a robust antitumor immune response and suppressing tumor progression was validated. All experiments 

were repeated, with strict control of variables and standardized procedures to ensure consistent results 

across groups. Mice in the control and experimental groups were age- and sex-matched, and cage 

randomization was applied during group allocation.  

Materials 

GM-CSF was purchased from peprotech. CDA (2’3’-c-diAM (PS)2(Rp,Rp)) was purchased from 

InvivoGen. Cy7-labelled CDA was purchased from Biolog Life Science Institute. All of the other 

chemicals were purchased from Sigma-Aldrich and used without any purification. 

Cell lines 

The RM-1-luc and 4T1-luc cell lines were donated by Renji hospital Shanghai Jiao Tong university school 

of medicine. The RM-1-luc cell line was cultured in DMEM (Gibco) supplemented with 10% fetal bovine 

serum (Gibco) and 1% penicillin/streptomycin (Gibco). The 4T1-luc cell line was cultured in RPMI-1640 

medium (Gibco) supplemented with 10% fetal bovine serum (Gibco) and 1% penicillin/streptomycin 

(Gibco). All the cells were cultured in a constant temperature incubator at 37 °C with 5% CO2 supply and 

routinely tested for mycoplasma.  

Animals 

Male C57BL/6 and femal BALB/c mice (aged 6-8 weeks; LINGCHANG Biotech) were maintained on a 

12-hour light-dark cycle with unrestricted access to food and water. 

TLs and TEVs extraction 

Tumor tissues were divided into two portions for processing. One portion was homogenized and lysed on 

ice for 30 minutes in a lysis buffer containing protease inhibitors. The lysate was then centrifuged at 

14,000 g for 20 minutes at 4 °C, and the supernatant was collected as TLs. The other portion of tumor 

tissue was minced and incubated at 37°C for 30 minutes in tissue isolation buffer, prepared with RPMI-

1640 medium, collagenase D, and DNAse I. The mixture was filtered through a 70 μm membrane, 
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followed by sequential centrifugation at 2000 g and 10,000 g for 20 minutes each at 4 °C. The final 

supernatant was filtered through a 0.22 μm membrane, and TEVs were isolated by ultracentrifugation at 

120,000 g for 70 minutes twice at 4°C. For tumor cell cultures, the medium was replaced with exosome-

free serum medium at an appropriate time before collection. The medium was then centrifuged 

sequentially at 1,000 g for 10 minutes and at 10,000 g for 20 minutes at 4°C. The supernatant was filtered 

through a 0.22 μm membrane, and the filtrate was subjected to two rounds of ultracentrifugation at 

120,000 g for 70 minutes each at 4°C to isolate TEVs. 

Western blot 

TLs and TEVs were lysed in RIPA lysis buffer (Beyotime), and protein concentration was quantified by 

BCA Protein Assay (Thermo Fisher Scientific). Equal amounts of protein were separated using a 10% 

SDS-PAGE gel and transferred onto 0.45 μm PVDF membranes (Millipore). The membranes were 

blocked with 5% BSA in TBST and incubated overnight at 4°C with specific primary antibodies. 

Afterward, appropriate secondary antibodies were applied, followed by detection using an ECL system 

(Tanon). See the source file for the uncropped scan blots. 

Preparation of TCG/FK12F 

The polypeptide sequence FK12 (FKFEFKFEGRGD) was synthesized by peptide synthesizer. 

Verification of purity and molecular weight by HPLC and MS. To obtain self-assembled FK12F, FK12 

was directly dissolved in deionized water to reach a concentration of 15 mM and aged for 24 h at room 

temperature. The morphology of nanofibers was confirmed by transmission electron microscopy 

(Hitachi). The TCG/FK12F solution was prepared by adding 50 μg TEVs, 20 μg CDA and 2 μg GM-CSF 

to the FK12F solution. After vortexing, the mixed solution was incubated at 37 ℃ for 30 minutes. For in 

vivo imaging, CDA-Cy7 and TEVs-DIR was used. 

Solution to hydrogel transition behavior 

Add 20 μl of 10× PBS to 180 μl of 15 mM FK12F or TCG/FK12F solution, followed by vortexing. The 

transition of solution to hydrogel was observed by inverted-vial method. 

In vivo hydrogel degradation 

The FK12F solution (15 mM, 200 μl) was injected into the back of C57BL/6 mice. After specified time 

intervals, the mice were euthanized, and the status of the remaining hydrogel in each mouse was recorded. 

Hydrogel release studies 
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The in vitro release study was conducted at 37 °C in PBS. The release of CDA was analysed using HPLC. 

The release of GM-CSF was analysed using GM-CSF ELISA kit (Thermo Fisher Scientific). To evaluate 

the in vivo release of CDA and TEVs, Cy7-labeled CDA and DIR-labeled TEVs were injected 

subcutaneously into mice by free and TCG/FK12F loading, respectively. Fluorescence images were 

captured at predetermined time points using an IVIS Spectrum imaging system (Perkin Elmer). 

In vivo tumor models and treatment 

For subcutaneous model, 2.5 × 106 RM-1 cells were inoculated in male C57BL/6 mice with right flank. 

When the subcutaneous tumor volume reached 100-150 mm3, the tumor-bearing mice were randomly 

grouped and then treated in different groups. Treatments included i.h. injected with PBS, CG/FK12F, TCG 

or TCG/FK12F (50 μg TEVs, 20 μg CDA and 2 μg GM-CSF per mouse, 200 μl) on the contralateral side 

of the tumor, and intraperitoneal injections of aPD-1 (100 μg per mouse, 100 μl). For the prostate 

orthotopic model, 1×105 RM-1-luc cells were inoculated in male C57BL/6 prostate lobes. For the 

metastatic model, 1×105 4T1-luc cells were injected into female BALB/c through the left ventricle. After 

5 days, Tumor-bearing mice from these two tumor models were randomly divided into five groups and 

received different treatments Treatments included i.h. injected with PBS, TCG or TCG/FK12F (50 μg 

TEVs, 20 μg CDA and 2 μg GM-CSF per mouse, 200 μl), and intraperitoneal injections of aPD-1 (100 

μg per mouse, 100 μl). For the breast cancer orthotopic model, 1 × 106 4T1-luc cells were inoculated into 

the fat pad between the fourth and fifth nipple in female BALB/c mice. When the tumor volume reached 

300-500 mm3, the tumor-bearing mice underwent surgical removal of the tumors, with about 10% of the 

tumor remaining, and were then randomized into five groups to receive different treatments. Treatments 

included i.h. injected with PBS, TCG or TCG/FK12F (50 μg TEVs, 20 μg CDA and 2 μg GM-CSF per 

mouse, 200 μl) on the contralateral side of the tumor, and intraperitoneal injections of aPD-1 (100 μg per 

mouse, 100 μl). The tumor size was measured every 2 days. The tumor volume was calculated using the 

formula V = (major axis) × (minor axis)2/2. For prostate orthotopic and breast metastasis models, tumor 

progression was monitored by the IVIS spectral imaging system (Perkin Elmer). Mice were euthanized 

when the subcutaneous tumor volume exceeded 2000 mm3 or the weight loss exceeded 20%. For 

rechallenge experiment, mice with long-term survival were inoculated with 5×105 RM-1 cells on the 

opposite flank to develop new tumors. 

Flow cytometry 

Lymphocytes were extracted from peripheral blood, gel, lymph node, spleen, or tumor tissue, respectively, 

to prepare single-cell suspensions. Cells were stained with fluorescence-labeled antibodies following the 



ARTI
CLE

 IN
 P

RES
S

ARTICLE IN PRESS

 

 

 

manufacturer’s instructions. The samples were then analyzed on a LSRFortessa instrument (BD 

Biosciences), and data were analysed using FlowJo. Antibodies against CD45 (30-F11), CD3 (17A2), 

CD11c (N418), CD80 (16-10A1), CD86 (GL-1), CD197 (4B12), CD4 (RM4-5), CD8α(53-6.7), IFN-γ 

(XMG1.2), CD44 (IM7) and CD62L (MEL-14) were purchased from Biolegend. 

Enyzme-linked immunospot assay 

Splenocytes from RM-1 tumor-bearing mice were collected for restimulation with TEVs. 10 days after 

i.h. injected with PBS, CG/FK12F, TCG or TCG/FK12F, spleens were collected and spleen cells were 

extracted. Splenocytes (1 × 105) were stimulated for 24 h with 1 μg/well TEVs (from RM-1 cells). Cells 

were subsequently assayed for IFN-γ by Elispot kit (Mabtech) and spot counts using instrument (BD 

Biosciences). 

In vivo T-cell depletion 

To deplete CD4+ T and CD8+ T cells, tumor-bearing mice were i.p. injected with anti-CD4 (clone GK1.5, 

BioXcell), anti-CD8-α (clone 2.43, BioXcell) or isotype (RatIgG1, BioXcell) antibodies. Antibodies were 

administered with an initial dose of 400 mg 1 day prior to treatment, followed by 200 mg every 3 days. 

Flow cytometry analysis of peripheral blood mononuclear cells confirmed the depletion of CD4+ T cells 

and CD8+ T cells. 

Transcriptome data analysis 

Differential gene expression analysis was performed in R (v4.4.1) using the DESeq2 (v1.44.0) package, 

with genes considered significantly differentially expressed at an adjusted p value < 0.05. Functional 

enrichment analyses were conducted using clusterProfiler (v4.12.6). Visualization of differentially 

expressed genes was generated using ggplot2 (v3.5.1) for volcano plots and pheatmap (v1.0.12) for 

hierarchical clustering heatmaps. Immune cell infiltration was estimated from bulk RNA-seq data using 

the CIBERSORT algorithm, which infers the relative abundance of immune cell subset within the tumor 

microenvironment. 

Statistics and Reproducibility  

Statistical analysis was conducted using GraphPad Prism 9. Data are presented as mean ± SEM. Statistical 

significance between two groups was determined using two-tailed unpaired t-tests. Statistical significance 

between multiple groups was determined using one-way ANOVA. Survival analysis was performed with 

Kaplan–Meier curves and evaluated using two-sided log-rank (Mantel–Cox) tests. No statistical method 
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was used to predetermine sample size. The Investigators were not blinded to allocation during experiments 

and outcome assessment. 

Data Availability 

The RNA sequencing data have been deposited in the NCBI Sequence Read Archive (SRA) under 

accession number PRJNA1330898 [https://www.ncbi.nlm.nih.gov/bioproject/PRJNA1330898]. All other 

data supporting the findings of this study are included in the main article, supplementary information or 

source data file. Source data are provided with this paper. 
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Figure Legends 

Fig. 1. Verification of antigenicity of TEVs and schematic illustration of vaccine preparation and 

antitumor mechanism. A, Schematic of TEVs and TLs obtained from prostate cancer patients. B, 

Western blot analysis for prostate cancer antigen markers (prostate acid phosphatase (PAP), prostate stem 

cell antigen (PSCA), and prostate-specific membrane antigen (PSMA)) expressed in TEVs and tumor 

lysates (TLs) (n = 3 independent experiments). C, Schematic illustration of TCG/FK12F vaccine 

preparation and its antitumor immunotherapeutic mechanism. Following subcutaneous injection, the in 

situ formed TCG/FK12F scaffold vaccine facilitated antigen-presenting DCs recruitment, enabling 

immature DCs to capture and process TEV antigens with CDA adjuvant support, thereby promoting DC 

maturation. These antigen-primed mature DCs then migrated to draining lymph nodes, eliciting robust 

tumor-specific CD8+ T-cell activation to suppress progression and prevent recurrence. Created in 

BioRender. 11, C. (2026) https://BioRender.com/y8vgrv0. 

Fig. 2. Characterization of TCG/FK12F hydrogel vaccine. A, Representative transmission electron 

microscopy images of FK12F nanotubes (n = 3 independent experiments). B, Photographs of the solution-

to-hydrogel transition of FK12F triggered by the addition of PBS. C, Rheomechanical curves of FK12F. D, 

Representative transmission electron microscopy images of TEVs (n = 3 independent experiments). E, 

Particle size distribution of TEVs. F, Western blot analysis for extracellular vesicle markers (Flotillin-1, 
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CD63 and CD9) and contaminated protein (GM130) expressed in CLs and TEVs (n = 3 independent 

experiments). G, Zeta-potential analysis of FK12F solution, CG/FK12F (CDA and GM-CSF loaded into 

FK12F) and TCG/FK12F (TEVs, CDA and GM-CSF loaded into FK12F) (n = 5 independent experiments). 

H, Distribution of TEVs in FK12F photographed by confocal microscopy. I, Cumulative-release profile 

of CDA and GM-CSF from the TCG/FK12F incubated with PBS at 37 ℃ (n = 3 independent experiments). 

J, K, Fluorescence IVIS imaging and quantification of the in vivo retention of (J) CDA-Cy7 and (K) 

TEVs-DIR i.h. injected either in solution form or after loading into FK12F solutions (n = 3 mice per group). 

Data are mean ± SEM. Statistical significance in J and K was obtained by two-sided unpaired t-tests. 

Source data are provided as a Source Data file. 

Fig. 3. TCG/FK12F vaccine recruits and activates DCs in situ and promotes their lymph node 

migration. A-C, Quantification using flow cytometry gating of DCs (A), CD80+CD86+ DCs (B) and 

CCR7+ DCs (C) within the hydrogel in mice (n = 5 mice per group). D-F, Quantification using flow 

cytometry gating of (D) CD80+CD86+ DCs, (E) CD4+ T cells and (F) CD8+ T cells within the inguinal 

lymph nodes in mice (n = 5 mice per group). G, MHC class I mean fluorescence intensity (MFI) in gel-

infiltrating DCs (n = 5 mice per group). H, MHC class I MFI in DCs from draining lymph nodes (n = 5 

mice per group). I, Percentage of OVA antigen-presenting DCs determined by flow cytometry (n = 5 mice 

per group). J, Frequency of SIINFEKL–H-2Kᵇ tetramer⁺ CD8⁺ T cells in draining lymph nodes (n = 5 

mice per group). K, Percentage of IFN-γ-producing CD8⁺ T cells in splenocytes following ex vivo OVA 

peptide restimulation (n = 5 mice per group). L, Schematic depicting the mechanism by which the 

TCG/FK12F vaccine recruits and activates DCs in situ, thereby promoting the activation of tumor-specific 

T cells within the lymph nodes. Created in BioRender. 11, C. (2026) https://BioRender.com/cn9dqii. Data 

are mean ± SEM. Statistical significance in A-K was determined using one-way ANOVA. Source data 

are provided as a Source Data file. 

Fig. 4. TCG/FK12F vaccine significantly inhibits tumor progression by promoting antigen-specific 

T cells infiltration and induces long-term immune memory. A, Experimental schematic of the RM-1 

subcutaneous tumor treatment schedule, along with the timing for the rechallenge experiments. Mice that 

achieved long-term survival in all groups were rechallenged on day 60. B, Average tumor-growth kinetics 

of RM-1 tumor-bearing mice in different groups; n = 5 mice for PBS, aPD-1, CG/FK12F and TCG, and n 

= 8 mice for TCG/FK12F and TCG/FK12F+aPD-1. The curves were plotted until the death of the first 

mice. C, Survival curves of different treatment groups. D, E, Quantification using flow cytometry gating 

of (D) CD8+ T cells and (E) CD8+ IFN-γ+ T cells in RM-1 subcutaneous tumors (n = 5 mice per group). 
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F, Tumor tissue cytokines heatmap for each treatment group (n =3 mice per group). G, ELISPOT images 

showing IFN-γ spots from re-stimulated splenocytes in different groups (n = 3 mice per group). H, 

Quantification of the spots (n = 3 mice per group). I, Average tumor-growth kinetics of RM-1 tumor-

bearing mice locally treated with TCG/FK12F along with depletion of CD4+ T cells and CD8+ T cells (n 

= 5 mice per group). J, Average tumor-growth kinetics of RM-1 tumor bearing mice of the rechallenge 

experiments (n = 5 mice per group). K, Survival curves of the rechallenge experiments. L, M, 

Quantification using flow cytometry gating of (L) CD8+ Tcm cells and (M) CD8+ Tem cells in splenocytes 

of the rechallenged mice (n = 5 mice per group). Data are mean ± SEM. Data are mean ± SEM. Statistical 

significance in B, D, E, H and I was determined using one-way ANOVA. Statistical significance in C 

and K was determined using two-sided log-rank tests. Statistical significance in J, L and M was 

determined using two-sided unpaired t-test. Source data are provided as a Source Data file. 

Fig. 5. TCG/FK12F vaccine significantly inhibits proliferation of orthotopic prostate cancer and 

metastasis of 4T1 breast cancer. A, Experimental schematic of the RM-1 orthotopic tumor treatment 

schedule. B, In vivo bioluminescence imaging of RM-1 tumors on days 5, 8, 11, 14, 17, and 20 after tumor 

inoculation. n = 5 mice for each group. C, Survival curves of different treatment groups. D, Photographs 

of tumors removed from each treatment group on day 15. E, CD8 immunohistochemistry and Granzyme 

B immunofluorescence of RM-1 orthotopic tumors in different treatment groups (n = 3 mice per group). 

F, Heatmap of cytokines in RM-1 orthotopic tumor tissue in different treatment groups (n = 3 mice per 

group). G, Schematic of the treatment schedule for the 4T1 metastatic tumor model; n=5 mice for each 

group. H, In vivo bioluminescence imaging of 4T1 tumors on days 7 and 15 after tumor inoculation. I, 

Survival curves of different treatment groups. J, Photographs and hematoxylin-eosin staining results of 

lungs excised from each treatment group on day 16 (n = 5 mice per group). Data are mean ± SEM. 

Statistical significance in C and I was determined using two-sided log-rank tests. Source data are provided 

as a Source Data file. 

Fig. 6. Personalized TCG/FK12F vaccine inhibits RM-1 tumor recurrence after surgery. A, 

Schematic diagram of constructing a personalized therapeutic vaccine treatment after surgical resection 

of tumor. B-I, Results of treatment in the RM-1 subcutaneous tumor resection model; n=5 mice for PBS, 

aPD-1 and TCG, and n=8 mice for TCG/FK12F and TCG/FK12F + aPD-1. B, In vivo bioluminescence 

imaging of the RM-1 tumors on the day 27. C, Tumor growth curves of mice in each treatment group (n 

= 5 mice per group). D, Survival curves of different treatment groups. E, F, Differential gene expression 

volcano maps of (E) CG/FK12F vs PBS and (F) TCG/FK12F vs PBS in RM-1 tumors (n = 4 mice per 
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group). G, Heatmap of differential gene expression in PBS, CG/FK12F and TCG/FK12F treated groups. 

H, GOKEGG enrichment analysis of up-regulated differential genes in TCG/FK12F treated groups (n = 4 

mice per group). I, Immune infiltration analysis in PBS, CG/FK12F and TCG/FK12F treated groups (n = 4 

mice per group). J, K, Results of treatment in 4T1 breast cancer orthotopic resection model; n = 5 mice 

for each group. J, Tumor growth curves of mice in each treatment group. K, Photographs of tumors 

removed from each treatment group on day 30. Data are mean ± SEM. Statistical significance in C and J 

was determined using one-way ANOVA. Statistical significance in D was determined using two-sided 

log-rank tests. Differential gene expression analysis in E and F was performed using DESeq2. P values 

were adjusted for multiple comparisons. Source data are provided as a Source Data file. 

 

Editor’s summary: 

Personalized vaccines show some potential in leveraging tumor-specific adaptive immunity for cancer therapy. Here this 

group reports an in-situ hydrogel vaccine serving as a sustained reservoir for a tumor-derived extracellular vesicle antigens 

for personalized cancer immunotherapy. 

 

Peer review information: Nature Communications thanks Shuguang Tan, Theresa Whiteside and the other anonymous 

reviewer(s) for their contribution to the peer review of this work. A peer review file is available. 
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