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were independent prognostic factors of UM patients in this 
study (Figure 5C), so we used risk-score and pathological 
type to construct the Nomogram model for 1-, 3-, and 5-year 
overall survival (Figure 5D). The calibration curves showed 

that the 1-, 3-, and 5-year corrected curves were close to the 
ideal curve, indicating that the model’s predictions align well 
with the actual outcomes (Figure 5E-5G). All of these findings 
suggested that this model effectively predicts patient prognosis.

Figure 3 Construction of MMPs-related risk-score system  A: LASSO regression curve, determining the optimal λ value as 2; B: Survival status 

of patients between high- and low-risk groups from our dataset; C: Survival status of 80 cases of UM patients from the TCGA database after 

grouping based on the risk-score system; D: Metastasis status of patients between two risk groups; E: The risk-score of different pathological 

types of UM; F: GO enrichment result of DEGs between the high-risk and low-risk groups; G: KEGG enrichment result of DEGs between the 

high-risk and low-risk groups; H: GSEA result between the high-risk and low-risk groups. UM: Uveal melanoma; DEGs: Differential expression 

genes; GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes; MMPs: Matrix metalloproteinases; GSEA: Gene Set Enrichment 

Analysis.

Figure 2 Differentially expressed MMPs with traditional clinical prognostic risk factors and survival status  A: MMPs with statistically 

significant expression differences in UM pathological types; B: MMP with statistically significant expression difference in UM staging; C: MMPs 

whose expression levels are associated with survival status; D: MMP whose expression level is associated with metastatic status. UM: Uveal 

melanoma; MMPs: Matrix metalloproteinases. aP<0.05, bP<0.01.
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Tumor Microenvironment and Immune Infiltrating Cells  
Since most of the DEGs between the high- and low-risk groups 
was concentrated in TME, we used the ESTIMATE algorithm 
to evaluate the stromal score, immune score, and tumor purity 
between the two groups based on the RNA sequencing results 
of 53 UM tissues. The results showed that ESTIMATE, 
immune, and stromal scores were higher in the high-risk 
group (Figure 6A), while tumor purity was higher in the low-
risk group (Figure 6B). Subsequently, CIBERSORT was used 
to analyze immune cells in the TME (Figure 6C) and found 
that M1 macrophages and regulatory T cells were enriched in 
the high-risk group, while mast cells, monocytes, and CD4-
positive T cells were enriched in the low-risk group (Figure 
6D). Furthermore, compared to other immune cells, TAMs 
had the highest proportion in the TME, and their abundance 
was higher in the high-risk group (Figure 6E), and they are 
positively correlated with risk-score (P<0.001; Figure 6F). In 
addition, we also analyzed the correlation among 22 kinds of 
immune infiltrating cells. The results showed that the activated 
memory CD4-positive T cells were associated with memory 
B cells and plasma cells, while CD8-positive T cells were 
associated with regulatory T cells and mast cells (Figure 6G).
DISCUSSION
Based on the largest transcriptome database of UM and 
choroidal tissues in Asia, we developed a machine learning 
model for predicting prognosis through MMPs and conducted 
a TME analysis. MMPs are a family of secreted neutral 
proteinases that can initiate the degradation of collagens 
and other ECM components and exert their effects through 
receptor-mediated interactions with neighboring cells[19]. 
MMPs can degrade intercellular adhesion molecules, disrupt 
the basement membrane, and facilitate tumor cell invasion into 
the ECM. By disrupting endothelial cells and the basement 
membrane of blood vessels, they assist tumor cells in entering 
and exiting the circulatory system. MMPs also activate growth 
factors constrained within the ECM and release active protein 
fragments, promoting the growth of distant micrometastases. 
As UM primarily metastasizes hematogenously, it can be 
anticipated that MMPs’ degradation of ECM in tumor tissue 
would promote the distant metastasis of UM cells. MMPs 
not only participate in ECM destruction but also promote 
angiogenesis, EMT, and tumor cell migration[20]. There was 
a certain level of MMP-2 expression in normal choroid 
tissues, which has been proven necessary for developing 

Table 2 Correlation between risk-score and clinicopathological 

features in UM

Parameters High-risk Low-risk P
Gender, n (%) 0.49

Male 11 (42.3) 15 (57.7)
Female 15 (55.6) 12 (44.4)

Age (y), n (%) 0.20
21-40 6 (42.9) 8 (57.1)
41-60 13 (43.3) 17 (56.7)
61-80 7 (77.8) 2 (22.2)

Laterality, n (%) 1.0
Right 13 (48.2) 14 (51.8)
Left 13 (50.0) 13 (50.0)

Intraocular pressure (mm Hg), n (%) 0.56
10-21 22 (53.7) 19 (46.3)
<10 2 (40.0) 3 (60.0)
>21 2 (28.6) 5 (71.4)

Visual acuity, n (%) 0.80
>0.5 2 (50.0) 2 (50.0)
0.1-0.5 4 (36.4) 7 (63.6)
<0.1 20 (52.6) 18 (47.4)

Largest basal diameter (mm) 16.8±3.4 13.9±4.3 0.01
Thickness (mm) 11.65±2.4 10.8±2.8 0.26
Size (T Stage)a, n (%) 0.04

T1-T3 10 (34.5) 19 (65.5)
T4 16 (66.7) 8 (33.3)

Stagea, n (%) 0.18
I-II 6 (33.3) 12 (66.7)
III 20 (57.1) 15 (42.9)

Macroscopic appearance, n (%) 0.49
Mushroom 11 (42.3) 15 (57.7)
Hemisphere 8 (50.0) 8 (50.0)
Irregular 7 (63.6) 4 (36.4)

Optic disk involvement, n (%) 0.42
No 24 (52.2) 22 (47.8)
Yes 2 (28.6) 5 (71.4)

Subretinal fluid, n (%) 1.0
No 1 (50.0) 1 (50.0)
Yes 25 (49.0) 26 (51.0)

Intraocular hemorrhage, n (%) 1.0
No 24 (50.0) 24 (50.0)
Yes 2 (40.0) 3 (60.0)

Ciliary body involvement, n (%) 0.89
No 13 (46.4) 15 (53.6)
Yes 13 (52.0) 12 (48.0)

Extraocular extension, n (%) 1.0
No 24 (49.0) 25 (51.0)
Yes 2 (50.0) 2 (50.0)

Pathology, n (%) 0.21
Spindle cell-type 7 (36.8) 12 (63.2)
Mixed cell-type 10 (47.6) 11 (52.4)
Epithelioid cell-type 9 (69.2) 4 (30.8)

aAmerican Joint Committee on Cancer classification (8th edition). 

UM: Uveal melanoma.

Table 3 Different risk groups and the occurrence of metastasis

Risk group
Metastasis status

Total P
Metastasis Non-metastasis

High-risk 13 13 26 0.003
Low-risk 3 24 27
Total 16 37 53
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Figure 4 Immunohistochemical staining of MMP-2 and MMP-28 in two risk groups  After depigmentation, the pigment granules appeared 

light brown. With 3-amino-9-ethylcarbazole staining, positive antibody showed as red. MMPs: Matrix metalloproteinases.

Figure 5 MMPs-related prognosis prediction models  A: Patient’s risk factor interaction plot for different risk-scores; B: ROC curves and AUC 
values after 1-, 3-, and 5-year diagnosis using only the risk-score; C: Forest plot of the multivariate Cox regression analysis for 53 UM patients; 
D: Nomogram model predicting 1-, 3-, and 5-year prognosis based on risk-score and pathological type; E-G: Calibration curve for predicting 
1-,3-, and 5-year prognosis using the Nomogram model, respectively. MMPs: Matrix metalloproteinases; UM: Uveal melanoma; ROC: Receiver 
operating characteristic curve; AUC: Area under the curve. aP<0.05.
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and maintaining the vasculature[21]. However, the elevated 
expression of MMP-2 is a hallmark of multiple pathological 
situations, such as age-related macular degeneration and 
diabetic retinopathy[22-23]. Although there have been studies 
of MMPs in UM, there was scarce comparison with normal 
choroid tissues[24]. Additionally, due to the notably lower 
incidence of UM in the Asian population compared to Western 
countries, research on MMPs in Asian UM patients was 

limited, and most of them were based on qualitative studies 
(such as immunohistochemical staining)[9]. Therefore, our team 
included sequencing data from 17 normal choroid tissues and 
53 UM tumor tissues to explore the impact of MMPs on UM 
prognosis more accurately. 
MMP-2, one of the eight differentially expressed MMPs, 
exhibited a significant association with poor prognosis in 
patients, despite its lower expression in UM compared to the 

Table 4 Univariate and multivariate analysis by Cox regression for UM-related metastasis and all causes of death

Parameters
UM-related metastasis (12 patients available) All-causes death (13 patients available)

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
HR P HR 95%CI P HR P HR 95%CI P

Gender
Male Ref - Ref -
Female 1.04 0.95 1.42 0.54

Age (y)
21-40 Ref - Ref - - Ref - Ref - -
41-60 1.70 0.50 1.22 0.20-7.61 0.83 1.22 0.77 0.98 0.23-4.20 0.98
61-80 2.33 0.40 3.26 0.34-31.69 0.31 2.95 0.19 3.91 0.61-25.13 0.15

Laterality
Right Ref - Ref -
Left 1.09 0.87 1.74 0.33

Visual acuity 0.21 0.39 0.44 0.56
Intraocular pressure (mm Hg)

10-21 Ref - Ref -
<10 0.81 0.85 0.86 0.89
>21 <0.001 0.99 0.50 0.51

Largest basal diameter (mm) 1.20 0.02 1.12 0.84-1.49 0.44 1.18 0.03 1.08 0.86-1.37 0.51
Thickness (mm) 1.06 0.58 0.99 0.74-1.30 0.92 1.15 0.21 1.05 0.77-1.42 0.77
Sizea

T1-T3 Ref - Ref - - Ref - Ref - -
T4 2.22 0.17 0.99 0.14-7.06 0.99 3.21 0.05 1.53 0.22-10.71 0.67

Macroscopic appearance
Mushroom Ref - Ref - - Ref -
Hemisphere 1.02 0.98 0.70 0.09-5.21 0.73 0.25 0.19
Irregular 6.73 0.005 3.72 0.72-19.24 0.12 2.36 0.14

Optic disk involvement
No Ref - Ref -
Yes 0.44 0.43 0.45 0.44

Ciliary body involvement
No Ref - Ref -
Yes 2.45 0.14 2.79 0.09

Extraocular extension
No Ref - Ref -
Yes 1.32 0.79 1.02 0.98

Pathology
Spindle cell-type Ref - Ref - - Ref - Ref - -
Mixed cell-type 2.69 0.23 1.40 0.17-11.33 0.75 2.29 0.34 2.62 0.40-17.23 0.32
Epithelioid cell-type 5.09 0.05 2.79 0.36-21.69 0.33 6.82 0.02 8.48 1.43-50.14 0.02

aAmerican Joint Committee on Cancer classification (8th edition). HR: Hazard ratio; CI: Confidence interval; UM: Uveal melanoma.
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normal group. This seems contradictory to the conventional 
notion that genes with low expression in tumors are associated 
with better prognosis. However, in our study, the control 
group consisted of choroid tissues from patients without 
ocular diseases, which have rich vasculature, and MMP-2 is 
predominantly expressed in endothelial cells within the 
choroid[25]. In contrast, most cells in UM tumor tissues are 
melanoma cells, with a small fraction of immune cells and 
a minimal number of endothelial cells[26-27]. In UM tissues, 
the expression levels of MMP-2 in vascular endothelial cells 
are significantly higher than in melanoma cells[28-29], which 
could explain why MMP-2’s expression level is higher in 
normal choroid tissues compared to UM tissues. MMP-2 
belongs to the collagenase subgroup of the MMPs family, 
and its overexpression can accelerate the degradation of 
ECM and vascular basement membrane, thereby promoting 
local invasion of tumor cells and their migration into blood 
vessels for metastasis[30]. Elshaw et al[31] found that all 10 UM 

tissues secreted MMP-2, with two UM samples secreting 
only MMP-2 showing stronger invasiveness. MMP-2 mainly 
promotes tumor cell invasion and metastasis by degrading 
ECM components such as type I and type IV collagen fibers 
and fibronectin. Besides ECM remodeling, EMT is also one of 
the ways MMP-2 influences tumor development. Studies have 
shown that the EMT process in UM tumor tissues promotes 
distant metastasis[32-33]. In our study, MMP-2 expression was 
positively correlated with risk-score, indicating that higher 
MMP-2 expression is associated with poorer prognosis in 
patients.
Compared with MMP-2, research on MMP-28 in tumors is 
relatively limited, and its correlation with prognosis varies in 
different types of cancers. In colon cancer[34] and Merkel cell 
carcinoma[35] (an invasive skin malignancy), MMP-28 seems 
to be associated with a lower degree of malignancy, consistent 
with our risk-score formula. However, in hepatocellular 
carcinoma[36] and pancreatic cancer[37], MMP-28 is associated 

Figure 6 Tumor microenvironment and immune infiltrating cells  A: Differences in ESTIMATE score, Stromal score, and Immune score between 

two groups; B: Differences in tumor purity between two groups; C: Distribution of 22 kinds of immune infiltrating cells in each UM sample; 

D: Differences in 22 types of immune infiltrating cells between two groups; E: Differences in TAMs between two groups; F: Relationship 

between TAMs and risk-score; G: Correlation between 22 types of immune infiltrating cells. UM: Uveal melanoma; TAMs: tumor-associated 

macrophages. aP<0.05, bP<0.01, cP<0.01.

Prognostic prediction model for Chinese UM
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with poor prognosis. Therefore, the relationship between 
MMP-28 and the tumor’s occurrence, development, and 
patient prognosis require further exploration.
According to the risk-score, we divided UM into high-risk 
and low-risk groups and statistically analyzed the clinical 
characteristics between the two groups (Table 2). It was found 
that the largest basal diameter and tumor size of the high-risk 
group were larger, and the previous articles published by our 
team also showed that the basal diameter was more closely 
related to the prognosis[5,38], which was consistent with Lai et 
al[28] found that MMP-2 was more strongly expressed at the 
edge of the tumor. Previous research has also suggested that 
MMP-2 can promote UM migration and invasion through 
various mechanisms[39], including the Wnt/β-Catenin and 
NF-κB pathways[40]. To validate whether the risk-score system 
based on MMP-2 and MMP-28 expression contributes to 
clinical prognosis, we analyzed patient follow-up records and 
found that the application of risk-score alone achieved an 
accuracy of approximately 80% in predicting the prognosis 
of UM at 1-, 3-, and 5-year after diagnosis (Figure 5B). This 
indicates that our risk-score can indeed reflect the degree of 
prognosis to a certain extent. In our study, although there 
was no statistically significant difference in the relationship 
between risk-score and different pathological types of UM, 
it was observed that the scores for epithelioid cell-type UM 
were higher than those for spindle and mixed cell-types. 
Cox multivariate analysis also found that risk-score and 
pathological types were associated with prognosis. To enhance 
the accuracy of predictions, we constructed a Nomogram 
prognosis prediction model (Figure 5D), which is composed 
of risk-score and pathological type. The predicted results were 
consistent with patients’ actual prognosis, demonstrating our 
predictive model’s effectiveness. Although the expression of 
MMP-16 was correlated with patient survival and metastatic 
status (P-values of 0.034 and 0.012, respectively), the risk-
score system based on MMP-2 and MMP-28 demonstrated 
better discrimination of patient prognosis (P-values of 0.0017 
and 0.0014, respectively), which means our MMPs-related 
risk-score system is more convincing in predicting prognosis 
than using single MMP. The UM patients who undergo local 
resection or enucleation surgery in our hospital often have 
excessively thick tumors or larger size. Previous studies have 
also found that patients with these kinds of tumors often 
have poor prognosis[41]. With the popularization of second-
generation sequencing technology, evaluating the expression 
of MMPs in tumor tissues of UM patients undergoing local 
resection or enucleation, and predicting the risk of metastasis 
and death of UM based on our constructed MMPs-related 
prognostic prediction model, is helpful for clinical diagnosis 
and treatment and patient communication.

TME comprises cells and non-cellular components in tumor 
tissues, excluding tumor cells. Main components include 
fibroblasts, immune cells, endothelial cells, and the ECM[42]. 
In the high-risk group, the tumor stromal score and immune 
score were significantly higher than those in the low-risk 
group, which was consistent with the results of TME analysis 
of 80 UM samples from TCGA data by Tan et al[43]. Therefore, 
it can be inferred that the MMPs-related risk-score system 
indirectly reflects the role of TME in the invasion, migration, 
and metastasis processes of UM tumors. In this study, CD4-
positive T cells in the low-risk group were significantly higher 
than in the high-risk group, aligning with the anti-tumor role of 
CD4-positive T cells observed in cutaneous melanoma[44] and 
glioblastoma[45]. TAMs are macrophages present in specific 
tumor pathological environments. In some tumors, markers 
traditionally classified as M1 and M2 macrophages can be co-
expressed in individual macrophages in the TME[46], and some 
macrophages with high expression of M2-like TAMs markers 
are similar to M1-like TAMs in function[47]. It is speculated that 
TAMs are regulated by cancer cells, transforming them into 
macrophages with different functions. The functional diversity 
of TAMs in the TME may also vary depending on their 
location[48]. In this study, it is evident that the number of TAMs 
in UM is in absolute dominance among immune infiltrating 
cells (Figure 6D), and there are more TAMs in the high-risk 
group (Figure 6E). Mäkitie et al[49] also found that tumors 
with a higher concentration of TAMs had more UM patients 
who died due to metastasis. Previous studies have indicated 
that TAMs can promote the expression of the MMP family 
(including MMP-2), regulate Toll-like receptor signaling 
pathways, and enhance tumor invasion and metastasis[50-51]. 
Furthermore, TAMs-induced MMPs are also involved in 
promoting tumor angiogenesis[52]. Since UM primarily 
undergoes distant metastasis through the circulatory system[53], 
and MMP-2 is highly expressed in endothelial cells of UM[28], 
it is worth further experimental validation whether TAMs can 
promote UM vascular generation through MMPs, leading to 
metastasis. As the therapeutic effect of immune checkpoint 
inhibitors in patients with UM is not as good as that in patients 
with cutaneous melanoma, it is particularly important to 
explore clinical treatments for other immune cells in TME.
Our study also has some limitations. As a malignant tumor 
in the eye, UM has a minimal volume compared to tumors in 
other organs, such as liver cancer or breast cancer. Although 
our UM tissues were obtained from completely excised tumors 
after local resection or enucleation surgery, there are few 
surplus tissues for transcriptome sequencing after pathological 
examination, resulting in a smaller sample size due to the 
instability of RNA and the need for quality control. Therefore, 
only 53 cases of UM were included in this study. Even so, we 
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have successfully constructed a prognosis prediction model 
based on MMPs, which could be considered to complement 
AJCC staging and enhance the personalized diagnosis 
and treatment of patients. Moreover, while transcriptome 
sequencing includes cells other than cancer cells in tumor 
tissues and can infer the composition of the TME through 
bioinformatics analysis, it still cannot provide information 
on the differential distribution and function of cells in 
different tumor regions. However, based on the transcriptome 
sequencing results, we can roughly understand the impact 
of various cells in UM tissues on prognosis, such as the 
mentioned TAMs. Therefore, our team has begun to explore 
the heterogeneity of UM more precisely through single-cell 
sequencing and spatial transcriptomics.
In conclusion, this study conducted a comparative analysis 
of transcriptome sequencing between normal choroid tissue 
and UM tissue with the largest sample number in Asia. Based 
on the sequencing results from this database, along with 
corresponding clinical information and follow-up results of 
the patients, we constructed a risk-score system by machine 
learning based on MMP-2 and MMP-28 and related prognostic 
prediction models. Combining the advantages of transcriptome 
sequencing, we performed bioinformatics analysis on the 
TME of UM. The findings revealed that patients in the high-
risk group had poorer clinical prognosis, higher tumor stromal 
scores, higher immune scores, and a correlation with TAMs 
and regulatory T cells enrichment.
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