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Simple Summary: CD59 prevents the formation of membrane attack complex, enabling tumor cells
to escape complement-mediated cytotoxicity. It appears that the expression of CD59 significantly
impacts survival outcomes due to its interaction with immune cells. The associations between CD59
and immune suppressive cells such as T-regulatory cells, myeloid derived suppressor cells, and
macrophage create an immune suppressive environment in cervical, brain, head and neck, and
stomach cancers. However, kidney cancer has less or no association, leading to better survival
outcomes. Thus, assessing the levels of CD59 and its immune cell associations is crucial as it plays a
predictive role in deciding prognostic outcomes.

Abstract: Background: CD59, a GPI-anchored membrane protein, protects cancer cells from complement-
dependent cytotoxicity (CDC) by inhibiting the formation of the membrane attack complex (MAC).
It has been demonstrated to be overexpressed in most solid tumors, where it facilitates tumor cell
escape from complement surveillance. The role of CD59 in cancer growth and interactions between
CD59 and immune cells that modulate immune evasion has not been well explored. Methods: Using
cancer patient database from The Cancer Genome Atlas (TCGA) and other public databases, we
analyzed CD59 expression, its prognostic significance, and its association with immune cell infil-
tration in the tumor microenvironment, identifying associated genomic and functional networks
and validating findings with invitro cell-line experimental data. Results: This article describes the
abundant expression of CD59 in multiple tumors such as cervical squamous cell carcinoma (CESC),
kidney renal cell carcinoma (KIRC), glioblastoma multiforme (GBM), head and neck squamous cell
carcinoma (HNSC), and stomach adenocarcinoma (STAD), as well as in pan-cancer, using The Cancer
Genome Atlas (TCGA) database and confirmed using multiple cancer cell lines. The expression of
CD59 significantly alters the overall survival (OS) of patients with multiple malignancies such as
CESC, GBM, HNSC, and STAD. Further, the correlation between CD59 and Treg and/or MDSC in the
tumor microenvironment (TME) has shown to be strongly associated with poor outcomes in CESC,
GBM, HNSC, and STAD as these tumors express high FOXP3 compared to KIRC. Moreover, unfa-
vorable outcomes were strongly associated with the expression of CD59 and M2 tumor-associated
macrophage infiltration in the TME via the IL10/pSTAT3 pathway in CESC and GBM but not in KIRC.
In addition, TGFβ1-dominant cancers such as CESC, GBM, and HNSC showed a high correlation
between CD59 and TGFβ1, leading to suppression of cytotoxic T cell activity. Conclusion: Overall,
the correlation between CD59 and immune cells predicts its prognosis as unfavorable in CESC, GBM,
HNSC, and STAD while being favorable in KIRC.
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1. Introduction

CD59 is a GPI-anchored membrane protein (mCD59) that plays a crucial role in
regulating the complement system, which is an essential component of the innate system.
CD59 is primarily found throughout the body as a regulator of cell lysis through the
complement system on erythrocytes, leukocytes, fibroblasts, and various epithelial cell
surfaces, including the pancreas, epidermis, bronchi, kidney, and salivary glands, where it
acts as a potent inhibitor of the complement cascade, preventing the excessive activation and
damage of host cells [1–3]. CD59 achieves its inhibitory function by binding to complement
proteins C8 and C9 and preventing their assembly into the membrane attack complex
(MAC). The MAC is responsible for creating pores in the membranes of target cells, leading
to their destruction. By inhibiting MAC formation, CD59 helps to maintain the integrity
and survival of host cells, protecting them from complement-mediated lysis [4].

In addition, CD59 also interacts with linker for activation of T cells (LAT) by transfer-
ring a palmitate group to LAT, causing them to co-localize in the lipid rafts. This interaction
regulates T cell signal transduction [5]. Gallimore et al. demonstrated that upregulation
of CD59 on activated CD4+ T cells serves to down-regulate their activity in response to
polyclonal and antigen-specific stimulation. This indicates that CD59 impacts on human
CD4+ T cells and determines whether or not their blockade boosts immune responses [6].

Deficiencies or abnormalities in CD59 expression or function can have serious impli-
cations on the immune system and overall health. Inadequate CD59 activity can result in
excessive complement activation, leading to various known disorders, including paroxys-
mal nocturnal hemoglobinuria (PNH), an acquired hematological disorder characterized
by the destruction of red blood cells [7].

CD59 is widely expressed, and its expression levels are higher in the majority of cancer
cells than in adjacent normal cells [8]. In most cancers, CD59 acts as a defense mechanism
utilized by tumor cells to evade destruction by the immune system. The ability of CD59
to inhibit MAC formation and downregulate CD4+ T cells plays an important role in
the suppression of tumor immune environments. However, the expression of CD59 in
human cancer and its impact on prognosis and targeted therapy remains under-explored.
Therefore, in this article, we have investigated the expression, prognostic significance, and
impact on immune cell infiltration in the tumor microenvironment using CD59 expressive
cancer patient data in The Cancer Genome Atlas (TCGA) and various publicly available
databases. Using a variety of analysis methods, we identified the genomic and functional
networks associated with the expression of CD59 in human cancers. Generated meta-
analysis data were confirmed using the cell-line approach. Thus, our findings reveal new
insight into CD59 and its immune interactions, which can be utilized for human cancer
diagnosis, prognosis, and treatment.

2. Materials and Methods
2.1. ShinyGO v0.741

To assess gene ontology enrichment analysis, we have used ShinyGo v0.741
(http://bioinformatics.sdstate.edu/go74/, accessed on 18 April 2024). ShinyGo biological
process charts provide fold enrichment charts of the pathways affected by the expression
of a particular gene. Fold enrichment is defined as the percentage of genes in the list
belonging to a pathway, divided by the corresponding percentage in the background. Fold
enrichment indicates how drastically genes of a certain pathway are overrepresented.

2.2. GEPIA Dataset

The expression of CD59 in normal and cancer tissues is analyzed using the GEPIA
2 (http://gepia2.cancer-pku.cn/, accessed on 12 April 2024) dataset. GEPIA is a web
server for analyzing the RNA sequencing expression of a large number of tumors and
normal samples from the TCGA data portal and the GTEx database, respectively. The
single gene module of GEPIA was used to study the mRNA expression levels of CD59 in
cancer tissues and normal tissues. Kaplan–Meier curves were used to study the survival
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outcomes, including disease-free survival (DFS) and overall survival (OS). Patients were
divided into high and low CD59 groups according to the median transcripts per million
(TPM) expressions.

2.3. Human Protein Atlas (HPA)

Protein expression of CD59 in normal and multiple cancers was checked by the
Human Protein Atlas (HPA). Immunohistochemically stained images of CD59 expression
in multiple cancers were collected from the HPA.

2.4. TISIDB

Tumor-immune system interactions and the drug bank database (TISIDB)
(http://cis.hku.hk/TISIDB/, accessed on 17 April 2024), an integrated repository por-
tal for tumor-immune system interactions, has been utilized to determine the correlation
between Cd59 and lymphocytes, immunomodulators, and chemokines. TISIDB was also
used to determine the association between CD59 and immune subtypes across multiple
human cancers. The spearman correlation test was checked to determine significance.

2.5. TIMER

We analyzed the TCGA database using the Tumor Immune Estimation Resource
site (TIMER) (http://timer.cistrome.org/, version 2.0, accessed on 1 April 2024) to check
the correlation between CD59 and immune infiltrates for the systemic analysis of tumor-
infiltrating immune cells in multiple tumors. In TIMER, the algorithm predicts the immune
properties of tumors, and the genes module was used to assess the relationship between
CD59 and immune cell infiltrates (CD8+ T cells, CD4+ T cells, B cells, macrophages,
neutrophils, and dendritic cells). Spearman correlation was used for analysis, with a
p-value < 0.05 considered significant.

2.6. Immunoblotting

HEK293T, 786-O, HeLa, and SF188 cells were lysed using RIPA. Protease and phos-
phatase inhibitor cocktails were added to 1× lysis buffer. Lysates were subjected to elec-
trophoresis and probed for CD59 (Thermo Fisher Scientific# PA5-78993, Carlsbad, CA,
USA), pSTAT3 (Invitrogen#44380G, Carlsbad, CA, USA), STAT3 (Cell Signaling#12640S,
Danvers, MA, USA), TGFβ1(Invitrogen#MA121595, Carlsbad, CA, USA), β-tubulin (Cell
Signaling#2146 Danvers, MA, USA), and β-actin (Cell Signaling #4970, Danvers, MA, USA)
and their respective secondary HRP antibodies.

2.7. Immunofluorescence

Cells were fixed with 4% PFA in PBS and then blocked with 5% goat serum in PBS.
CD59 (Thermo Fisher Scientific# PA5-78993) primary antibody was diluted in 1% BSA in
PBS (antibody dilution buffer). Secondary antibody conjugated with fluorochrome (AF488)
and DAPI-gel were used, and images were captured with a Nikon AXR confocal microscope
(Nikon Corporation, Melville, NY, USA) and analyzed using Nikon Elements Advanced
Research (NIS-Elements C Ver 6.02.03) software.

2.8. qRT-PCR

The q(RT)-PCR was performed using a High-Capacity cDNA Synthesis Kit, (Applied
Biosystems, cat# 4368814, Waltham, MA, USA), Fast power up SybrGreen (Applied Biosys-
tems, cat# A25742, Waltham, MA, USA), and Step One Plus Applied Biosystems (Applied
Biosystems, Waltham, MA, USA). Relative expression was calculated using the 2−∆∆Ct
method and RT2 profiler PCR Array Data Analysis (SAB Biosciences, Miami Beach, FL,
USA) and normalized to GAPDH. The following primers were used:

CD59: F-5′-TTTTGATGCGTGTCTCATTACCA-3′

R-5′-ATTTTCCCTCAAGCGGGTTGT-3′

GAPDH: F-5′-GGCTCTCCAGAACATCATCC-3′

http://cis.hku.hk/TISIDB/
http://timer.cistrome.org/
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R- 5′-ACTGACACGTTGGCAGTGG-3
IL10: F’-GACTTTAAGGGTTACCTGGGTTG-3′

R-5′-TCACATGCGCCTTGATGTCTG

2.9. Flow Cytometry

Flow cytometric surface and intracellular staining were performed using the an-
tibody manufacturer protocol (BioLegend protocol) for PE/Cyanine7 anti-human LAP
(TGF-β1) antibody (cat# 349610, BioLegend. Inc., San Diego, CA, USA), AF647 anti-human
FOXP3 antibody (cat# 320113, BioLegend. Inc., San Diego, CA, USA), PerCP Cy5.5 anti-
F/480 antibody (cat# 123127, BioLegend. Inc., San Diego, CA, USA), and PE anti-mouse
CD206 antibody (cat# 162503, BioLegend. Inc., San Diego, CA, USA). For intracellular
staining, FOXP3 Fix/perm Buffer (cat# 421403, BioLegend Inc., San Diego, CA, USA) was
used, following the manufacturer’s protocol.

2.10. ELISA Assay

ELISA assay was performed using the manufacturer’s protocol. TGFB1 ELISA kits
(Cat# 88-50390-22, Carlsbad, CA, USA) and IL10 ELISA kits (Cat#BMS215HS, Carlsbad,
CA, USA) were purchased from Thermo Fisher Scientific.

2.11. Data Availability

The data used to support the findings of this study are publicly available. These data
can be found in The Cancer Genome Atlas (TCGA), The Common Fund’s Genotype-Tissue
Expression (GTEx), The University of Alabama at Birmingham (UALCAN), and Search
Tool for the Retrieval of Interacting Genes/protein (STRING) databases.

2.12. Statistics

Data are presented as mean ± SEM. Differences between groups were evaluated
using either a two-tailed or a one-tailed Student’s t-test. Statistical analyses were per-
formed using GraphPad Prism, version 10.2.3, and p-values < 0.05 were considered
statistically significant.

3. Results
3.1. Role of CD59 and Its Expression in Different Cancers

The ShinyGO v0.741 gene ontology enrichment analysis of CD59 (Ensembl:
ENSG00000085063) reveals that CD59 negatively regulates the activation of the mem-
brane attack complex (MAC). This MAC formation is responsible for creating pores on
targeted cells and regulates complement-mediated cytotoxicity. This functional role of
CD59 makes it a key player in the negative regulation of complement-dependent cytotoxic-
ity and a negative regulator of humoral immune response (Figure 1A). STRING analysis
identifies genes significantly related to CD59 by analyzing the Kyoto Encyclopedia of
Genes and Genomes (KEGG) (Figure S1A). The ShinyGO analysis of CD59 provides three
aspects: cellular composition (CC), biological process (BP), and molecular function (MF).
These data suggest that CD59 is mainly distributed in cellular membranes, and its main
biological functions include regulating the activation of complements by limiting mem-
brane attack complex formation and natural killer cell-mediated cytotoxicity (Figure S1B,C).
Its molecular functions are related to protein binding (Figure S1B). The top 10 KEGG
pathways are illustrated in Table 1. The GEPIA database provides a comparison of CD59
transcriptional levels in a variety of TCGA cancer samples with normal samples. CD59
mRNA transcription analysis reveals that multiple cancers, such as diffuse large B cell
lymphoma (DLBC), glioblastoma multiforme (GBM), pancreatic adenocarcinoma (PAAD),
skin cutaneous melanoma (SKCM), and thymoma (THYM) exhibit significantly higher
mRNA expression of CD59 (Figure 1B). Overall, CD59 shows high mRNA expression in
14 out of 29 different cancer types (Figure 1B).
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Figure 1. Role of CD59 and expression in different cancers. (A) involvement of CD59 in different bio-
logical pathways using ShinyGO v0.741. (B) Comparison of CD59 mRNA expression between cancer
and its normal tissue counterpart in multiple cancers using the TCGA database and the GAPIA2
analytical tool. (C) mRNA expression of CD59 in KIRC, CESC, GBM, HNSC, and STAD cancer
patients and normal tissue from the TCGA database using the GAPIA2 analytical tool. (Di–v) Protein
expression of CD59 in KIRC (i), CESC (ii), GBM (iii), HNSC (iv), and STAD (v) cancer patients and
normal tissue from the Human Protein Atlas. Each dot represents mRNA expression of sample and
* indicates p ≤ 0.05.
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Table 1. Biological pathways related to the proteins involved in CD59 networks based on KEGG
pathways (based on STRING database).

Pathway Description Protein Gene

hsa04130 SNARE interactions in vesicular transport
SNAP29, BETI, YKT6, GOSR2,

STX17, VAMP7, VAMP8,
STX5, STX18, SEC22B

hsa04610 Complement and coagulation cascades
C5, C8G, C3, C9, C6, CD46,

C7, C5AR1, C8A, CD55, C8B,
CD59

hsa05322 Systemic lupus erythematosus C5, C8G, C3, C9, C6, C7,
CD28, C8A, FCGR3A, C8B

hsa0563 Glycosylphosphatidylinositol (GPI) anchor
biosynthesis PIGQ, PIGH, PIGC, PIGA

hsa0520 Prion disease C5, C3, C5AR1, FCGR3A

hsa04650 Natural killer cell-mediated cytotoxicity FCER1G, NCR1, CD247,
FCGR3A, CD48

hsa05150 Staphylococcus aureus infection C5, C3, C5AR1, FCGR3A

hsa05146 Amoebiasis C8G, C9, C8A, C8B

hsa04140 Autophagy animal SNAP29, ATG14, STX17,
VAMP8

hsa04145 Phagosome C3, STX18, FCGR3A, SEC22B

To investigate further, we analyzed the TCGA database and found that KIRC, CESC,
GBM, HNSC, and STAD not only exhibit high mRNA expression (Figure 1C) but also
have higher CD59 protein levels compared to their normal counterparts (Figure 1D). Ad-
ditionally, the HPA database indicates that cancers like cervical, GBM, head and neck,
melanoma, pancreatic, renal, and stomach cancers exhibit elevated CD59 expression, which
significantly affects their prognosis (Table 2).

Table 2. List of cancers and CD59 expression with significance.

Cancer Type Protein Expression p Value Significance Condition

Breast cancer Moderate/Low 0.021 Not prognostic

Cervical cancer High 0.000038 Prognostic, Unfavorable

Colorectal cancer Low 0.074 Not prognostic

Endometrial cancer Moderate/Low 0.011 Not prognostic

Glioma Moderate to High 0.026 May be prognostic Unfavorable

Head and neck cancer High 0.000031 Prognostic Unfavorable

Liver cancer Moderate 0.056 Not prognostic

Lung adenocarcinoma Moderate/Low 0.16 Not prognostic

Lung squamous cell carcinoma Moderate/Low 0.0078 Not prognostic

Melanoma cancer High 0.045 Not prognostic

Ovarian cancer Low 0.30 Not prognostic

Pancreatic cancer High 0.000029 Prognostic Unfavorable

Prostate cancer Low 0.017 Not prognostic

Renal cancer High 0.00000000014 Prognostic Favorable

Stomach cancer Moderate 0.00090 Prognostic Unfavorable

Testis cancer Low 0.13 Not prognostic
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Table 2. Cont.

Cancer Type Protein Expression p Value Significance Condition

Thyroid cancer High 0.010 Not prognostic Favorable

Urothelial cancer Moderate/Low 0.31 Not prognostic

3.2. Abundant Expression of CD59 in Multiple Cancer Cell Lines

The expression of CD59 at both the mRNA and protein levels has been assessed
using various methods across multiple cell lines. RT-qPCR analysis of CD59 reveals that
786-O (represents KIRC), HeLa (represents CESC), and SF188 (represents GBM) express
significantly higher mRNA of CD59 compared to HEK293T (represents normal kidney)
(Figure 2A). Additionally, immunoblotting, flow cytometry, and immunofluorescence
analysis reveal high protein expression in all tumor cell lines, with HeLa (CESC) exhibiting
the highest expression among them compared to normal kidney (Figure 2B–D). These data
confirm the finding that most cancers increase CD59 expression to fight against the immune
system. Taken together, this evidence indicates that high CD59 levels may play a key role
in immune escape, leading to tumor development and poor prognosis.Cancers 2024, 16, x FOR PEER REVIEW 9 of 21 

 

 

 
Figure 2. Expression of CD59 in cancer cell lines and cancer patients. (A) mRNA expression of CD59 
in HEK 293T (normal human embryonic kidney), 786-O (KIRC), HeLa (CESC), and SF188 (GBM) by 
RT-PCR. (B–D) protein expression of CD59 in HEK 293T (normal human embryonic kidney), 786-O 

Figure 2. Expression of CD59 in cancer cell lines and cancer patients. (A) mRNA expression of CD59
in HEK 293T (normal human embryonic kidney), 786-O (KIRC), HeLa (CESC), and SF188 (GBM) by
RT-PCR. (B–D) protein expression of CD59 in HEK 293T (normal human embryonic kidney), 786-O
(KIRC), HeLa (CESC), and SF188 (GBM) by Western blot (B), flowcytometry (surface staining) (Ci)
and its quantification (Cii), and immunofluorescence (surface staining) (Di) with its quantification
(Dii). β-tubulin (control) for Figure 2B (786-O, HeLa, and SF188) are similar to Figure 7A(iii). Data
represents the minimum of three independent experiments, where * indicates p ≤ 0.05, ** indicates
p ≤ 0.01, *** indicates p ≤ 0.001, **** indicates p ≤ 0.0001, t-test.
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3.3. Prognostic and Diagnostic Value of CD59 in Multiple Cancer

This study focuses on cancers with elevated CD59 mRNA and protein expression,
analyzing the correlation between CD59 levels and survival outcomes. The analysis was
performed for five cancers with high CD59 expression using the TCGA database from
GEPEA 2, focusing on overall survival (OS). The Kaplan–Meier curve (Figure 3A) showed
that CD59 overexpression was linked to a poor prognosis in several cancers, including
CESC, GBM, HNSC, and STAD, but was associated with a favorable prognosis in patients
with KIRC (Figure 3A(i–v)). These cancers show poor prognostic outcomes in which CESC,
HNSC, and STAD have significant p values (p < 0.05) and GBM has p = 0.071, respectively.
Disease-free survival (DSS) data, along with the OS results, indicate that patients with
KIRC have longer DSS rates, while those with CESC, GBM, HNSC, PAAD, and STAD along
with elevated CD59 expression showed shorter DSS rates (Figure S2). The Timer 2.0 gene
outcome module provides the clinical relevance of gene expression across various cancer
types. The heatmap shown in Figure 3B indicates significantly high risk in CESC, HNSC,
PAAD, and STAD and moderate risk in GBM, while KIRC and KIRP indicate low risk with
high CD59 expression. These data suggest that elevated levels of CD59 can lead to varying
outcomes, indicating the potential involvement of additional pathways.
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Figure 3. Prognostic analysis of CD59 in cancer. (Ai–v) Analysis of CD59 expression and overall
survival (OS) using Kaplan–Meier in KIRC (i), CESC (ii), GBM (iii), HNSC (iv), and STAD (v) using
the GEPIA 2 dataset. (B) Analysis of clinical relevance of CD59 expression across various cancer
types using Timer 2.0 analytical tool.

3.4. Correlation Between Treg and MDSC with CD59 Expression Leads to Immune Suppression

Clinically significant cancers with high CD59 expression were further examined for
immune subtype analysis using the TISIDB database, a central resource for studying tumor-
immune system interactions. The TISIDB immune subtype analysis shows that favorable
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cancers like KIRC are immunologically quiet (Figure 4A(i)), while CESC, GBM, HNSC, and
STAD are characterized by lymphocyte depletion and/or TGFβ dominance (Figure 4A(ii)).
These findings suggest distinct immune environments between high CD59-expressing can-
cers with favorable versus unfavorable clinical outcomes. Analysis of CD59 expression on
immune cells using the HPA and Schmiedel datasets reveals that CD59 is highly expressed
on Treg cells, as well as naïve CD4+ and CD8+ T cells (Figure 4B(i,ii)). Expression of FOXP3
in tumors recruits Treg cells and immune suppression in the TME [9]. Flow cytometry
analysis demonstrates that 786-O expresses low positivity (~45%) (Figure 4C(i,ii)). On the
contrary, HeLa and SF188 show a significantly higher expression of FOXP3 (~73% and
93%, respectively) (Figure 4C(ii)). Furthermore, Qing Li et al. showed that CD59−/− Treg
cells exhibit greater complement-mediated injury than WT Teg cells [10]. To assess CD59’s
role in the Treg population within cancers, we performed a correlation analysis between
CD59 and Tregs across various cancers. The data indicate a negative correlation between
CD59 and Tregs in KIRC, while CESC, GBM, HNSC, and STAD show a significant positive
correlation (p < 0.05) (Figure 4D(i,ii)). This suggests that immunologically quiet cancers like
KIRC have a less Treg-mediated immunosuppressive tumor microenvironment than CESC,
GBM, HNSC, and STAD. In the presence of TGFβ1, Tregs regulate MDSC function [11],
and CESC, GBM, HNSC, and STAD express high levels of TGFβ (Figure 4A). We further
analyzed the correlation between CD59 and MDSCs in these cancers. In KIRC, CD59 and
MDSC expression is significantly negatively correlated, while CESC, GBM, HNSC, and
STAD show a significant positive correlation (Figure 4E(i,ii)). This further supports the
evidence of a highly immunosuppressive tumor microenvironment in CESC, GBM, HNSC,
and STAD compared to KIRC.

3.5. Association Between CD59 and Tumor-Associated M2 Macrophage Enhances
Immune Suppression

Tumor-associated macrophages (TAMs) are versatile immune cells that promote a va-
riety of malignant behaviors. Zhang et al. reported a correlation between TAM infiltration
and CD59 expression in pancreatic cancer, noting that higher TAM infiltration was associ-
ated with higher CD59 levels, resulting in poorer patient survival [12]. Additionally, pancre-
atic cancer-educated macrophages could protect cancer cells from complement-mediated
cytotoxicity by up-regulating CD59 in an IL6/STAT3-dependent manner [12]. Further-
more, Koch N. et al. found that IL10, a potent immunosuppressive anti-inflammatory
cytokine, upregulates CD59 expression [13] and promotes M2 macrophage polarization [14].
To explore similar mechanisms in other cancers, we conducted a correlation analysis of
CD59 with macrophage, IL10, IL10RB, IL6, and IL6R on KIRC, CESC, GBM, HNSC, and
STAD. TISIDB analysis reveals a non-significant negative correlation between CD59 and
macrophage in KIRC, while CESC, GBM, HNSC, and STAD show a significant positive cor-
relation (as indicated by a rho value from 0.256 to 0.623 and a p value from 0.00000596 and
below) (Figure 5A(i,ii)). Spearman correlation analysis further indicates a strong associ-
ation between CD59 and macrophage, IL6, and IL6R in CESC, GBM, HNSC, and STAD,
but no significant correlation in KIRC (Figure 5B(i)). Positive correlations were also ob-
served between CD59 and IL10, IL10RB expressions in CESC, GBM, HNSC, and STAD
cancer (Figure 5B(ii)), suggesting increased infiltration of the M2 macrophage in the TME
of CESC, GBM, HNSC, and STAD cancers. Timer 2.0 analysis confirmed significantly
higher CD59-expressing M2 macrophage infiltration in GBM and STAD compared to KIRC
(Figure 5C(i,ii)). These results provide insights into the difference between CD59-mediated
M2 macrophage infiltration and the immunosuppressive TME in CESC, GBM, HNSC,
and STAD.

To further confirm the impact of tumor cells on the macrophage, or vice versa, and
the meta-analysis data, we performed a co-culture experiment with mouse macrophage
(MΦ) and human cancer cells (786-O, HeLa, and SF188) and assessed the polarization
status of macrophage. After 48 h of co-culture, Hela and SF188 cells showed increased
activation and phosphorylation of STAT3 upon macrophage co-culture, while 786-O cells
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did not (Figure 6A(ii)). Additionally, HeLa and SF188 exhibit higher basal STAT3 activation
(Figure 6A(i)). The phosphorylation of STAT3 is known to be mediated by IL6 or IL10 [12,13].
To confirm this mechanism, we analyzed the mRNA expression of IL10 (Figure 6A(iii)).
Co-culture with MΦ led to elevated IL10 expression (Figure 6A(iii)), with significantly
higher levels in HeLa and SF188 compared to 7860-O (Figure 6A(iii)). Increased IL10
expression and STAT3 phosphorylation were associated with higher CD59 expression in
HeLa cells (Figure 6A(iv)).
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where * indicates p ≤ 0.05, t-test.
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Figure 5. Correlation between CD59 expression and TAM and immune-infiltrating M2 macrophage:
(A) Spearman correlation between CD59 and macrophage in (i) KIRC, (ii) CESC, GBM, HNSC, and
STAD. (B) Heatmap of correlation between CD59 and (i) macrophage, IL6, IL6R, and (ii) IL10, and
IL10RB in KIRC, CESC, GBM, HNSC, and STAD. (C) Scattered plot of relationship between M2
macrophage infiltration and CD59 expression in (i) KIRC, and (ii) GBM, and STAD using Timer
2.0 analytical tool.

Additionally, Co-cultured mouse macrophages (MΦ) are subjected to flow cytom-
etry analysis using anti-mouse PerCP Cy5.5-F/480 and anti-mouse PE-CD206 to check
M2 polarization status. M2 macrophages, identified by F/480+CD206+ (Figure 6B(i) gat-
ing strategy) were significantly more prevalent in HeLa and SF188 compared to 786-O
(Figure 6B(ii)), indicating the establishment of an immune-suppressive TME in HeLa and
SF188. These immune differences in the TME play a crucial role in deciding their predictive
clinical outcomes.

Cancers 2024, 16, x FOR PEER REVIEW 15 of 21 
 

 

activation and phosphorylation of STAT3 upon macrophage co-culture, while 786-O cells 
did not (Figure 6A(ii)). Additionally, HeLa and SF188 exhibit higher basal STAT3 activa-
tion (Figure 6A(i)). The phosphorylation of STAT3 is known to be mediated by IL6 or IL10 
[12,13]. To confirm this mechanism, we analyzed the mRNA expression of IL10 (Figure 
6A(iii)). Co-culture with MΦ led to elevated IL10 expression (Figure 6A(iii)), with signifi-
cantly higher levels in HeLa and SF188 compared to 7860-O (Figure 6A(iii)). Increased 
IL10 expression and STAT3 phosphorylation were associated with higher CD59 expres-
sion in HeLa cells (Figure 6A(iv)). 

 
Figure 6. Co-culture of tumor cells with macrophage increases infiltrating M2 macrophage: (A) 
Analysis of tumor cells in the co-culture system. (Ai) Basic expression of phosphorylated STAT3 
(Y705) in tumor cells. (Aii) Expression of pSTAT3 (Y705) in tumor cells in the presence or absence 
of macrophage. (Aiii) mRNA expression of IL10 in tumor cells in the presence or absence of macro-
phage. (Aiv) mRNA expression of CD59 in tumor cells in the presence or absence of macrophage. 
(B) Analysis of macrophage in the co-culture system. (Bi) Gating strategy to identify M2 macro-
phage. (Bii) Percentage of M2 macrophage in 786-O, HeLa, and SF188. Data represents a minimum 
of three independent experiments, where * indicates p ≤ 0.05, ** indicates p ≤ 0.01, *** indicates p ≤ 
0.001, **** indicates p ≤ 0.0001, t-test. 

Figure 6. Cont.



Cancers 2024, 16, 3699 12 of 17

Cancers 2024, 16, x FOR PEER REVIEW 15 of 21 
 

 

activation and phosphorylation of STAT3 upon macrophage co-culture, while 786-O cells 
did not (Figure 6A(ii)). Additionally, HeLa and SF188 exhibit higher basal STAT3 activa-
tion (Figure 6A(i)). The phosphorylation of STAT3 is known to be mediated by IL6 or IL10 
[12,13]. To confirm this mechanism, we analyzed the mRNA expression of IL10 (Figure 
6A(iii)). Co-culture with MΦ led to elevated IL10 expression (Figure 6A(iii)), with signifi-
cantly higher levels in HeLa and SF188 compared to 7860-O (Figure 6A(iii)). Increased 
IL10 expression and STAT3 phosphorylation were associated with higher CD59 expres-
sion in HeLa cells (Figure 6A(iv)). 

 
Figure 6. Co-culture of tumor cells with macrophage increases infiltrating M2 macrophage: (A) 
Analysis of tumor cells in the co-culture system. (Ai) Basic expression of phosphorylated STAT3 
(Y705) in tumor cells. (Aii) Expression of pSTAT3 (Y705) in tumor cells in the presence or absence 
of macrophage. (Aiii) mRNA expression of IL10 in tumor cells in the presence or absence of macro-
phage. (Aiv) mRNA expression of CD59 in tumor cells in the presence or absence of macrophage. 
(B) Analysis of macrophage in the co-culture system. (Bi) Gating strategy to identify M2 macro-
phage. (Bii) Percentage of M2 macrophage in 786-O, HeLa, and SF188. Data represents a minimum 
of three independent experiments, where * indicates p ≤ 0.05, ** indicates p ≤ 0.01, *** indicates p ≤ 
0.001, **** indicates p ≤ 0.0001, t-test. 

Figure 6. Co-culture of tumor cells with macrophage increases infiltrating M2 macrophage:
(A) Analysis of tumor cells in the co-culture system. (Ai) Basic expression of phosphorylated STAT3
(Y705) in tumor cells. (Aii) Expression of pSTAT3 (Y705) in tumor cells in the presence or absence of
macrophage. (Aiii) mRNA expression of IL10 in tumor cells in the presence or absence of macrophage.
(Aiv) mRNA expression of CD59 in tumor cells in the presence or absence of macrophage. (B) Anal-
ysis of macrophage in the co-culture system. (Bi) Gating strategy to identify M2 macrophage.
(Bii) Percentage of M2 macrophage in 786-O, HeLa, and SF188. Data represents a minimum of three
independent experiments, where * indicates p ≤ 0.05, ** indicates p ≤ 0.01, *** indicates p ≤ 0.001,
**** indicates p ≤ 0.0001, t-test.

3.6. TGFβ1 Co-Expression with CD59 Inhibits T Cell-Mediated Cytotoxicity

Transforming growth factor β1 (TGFβ1) is a multifaceted cytokine that plays a role
in both immune suppression and inflammation [15]. Recent research has demonstrated
that TGFβ1 plays a role in immune suppression across various cancers [16]. Immune
subtype analysis characterizes these cancers to be TGFβ-dominant cancers, as shown in
Figure 3A(i,ii). Goswami et al. showed a significant upregulation of CD59 expression on cell
surfaces following epithelial-mesenchymal transition (EMT) induced by TGFβ [17]. This
finding prompted us to assess TGFβ1 expression on in-house cell lines 786-O, HeLa, and
SF188. Flow cytometry analysis of intracellular staining for TGFβ1 revealed a high level of
TGFβ1 in HeLa and SF188 (~99% in both) (Figure 6A(i,ii)), with moderate levels observed
in 786-O (~60%) (Figure 7A(i,ii)). These findings were corroborated by immunoblotting
of same cell lines (Figure 7A(iii)). Secretion of TGFβ1 from tumor cells contributes to an
immune suppressive TME by recruiting MDSCs and inhibiting cytotoxic T cells [18]. There-
fore, we performed enzyme-linked immunosorbent assay (ELISA), revealing significantly
higher levels of secreted TGFβ1 in HeLa and SF188 compared to 786-O (Figure 7A(iv)). This
finding is consistent with the TCGA database of TGFβ1-dominant cancer. Furthermore,
Spearman correlations between TGFβ1 and CD59 show a significant positive correlation
in CESC, GBM, HNSC, and STAD cancer, whereas a negative correlation is observed in
KIRC (Figure 7B(i,ii)), as further illustrated by a heat map of TGFβ1 and CD59 correlation
(Figure 7C(i)). TGFβ is known to regulate homeostasis of the naïve T cells and suppress
cytotoxic T lymphocytes [19]. We investigated the correlation between CD59 expression
and the infiltration levels of CD4+ T cells and CD8+ T cells. The Timer 2.0 dataset reveals
a significant positive correlation between CD59 expression and both CD4+ and CD8+ T
cell infiltration exclusively in KIRC (Figure 7C(ii)). These data reinforce the notion that T
cell-mediated cytotoxicity is inhibited in CESC, GBM, HNSC, and STAD cancer but not in KIRC.
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Figure 7. TGF-β-mediated immune suppression in CESC, GBM, HNSC, and STAD. (A) Expression
analysis of TGFβ1. (Ai,ii) Flow cytometry analysis of TGF-β expression on 786-O, HeLa, and SF188
cell line. (Aiii) Immunoblotting of TGFβ1 and (Aiv) ELISA of secreted TGFβ1. (B) Spearman
correlation analysis of TGF-β and CD59 expression in (i) KIRC, (ii) CESC, GBM, HNSC, and STAD
and supported by (Ci) heat map of TGF-β and CD59 expression in KIRC, CESC, GBM, HNSC, and
STAD using TISIDB. (Cii) Correlation between CD4+ and CD8+ T cell immune infiltration and CD59
expression in multiple cancers using Timer 2.0 analytical tool. β-tubulin (control) for Figure 7A(iii)
(786-O, HeLa, and SF188) are similar to Figure 2B. Data represents a minimum of three independent
experiments, where * indicates p ≤ 0.05, ** indicates p ≤ 0.01, **** indicates p ≤ 0.0001, t-test.

4. Discussion

The high expression of CD59 on cancer cells facilities their evasion from CDC, leading
to tumor progression. Elevated CD59 levels are associated with a worse prognosis in several
cancers, including colorectal [20], prostatic [21], ovarian [22], and lung [23] cancers. Our
study also demonstrates that high CD59 expression in CESC, GBM, HNSC, and STAD are
correlated with a poor prognosis. In contrast, KIRC is linked to better outcomes with high
CD59 expression. This prompted us to investigate how different immune environments
within the TME interact with CD59 to influence the outcome. Li et al. demonstrated that
half of the T reg cells express CD59, which is critical for maintaining immune homeostasis,
and the knockdown of CD59 (CD59−/−) on Treg cells increases their susceptibility to
complement-mediated injury [10]. This indicates that CD59 expression plays an integral role
in Treg-mediated immune suppression. Our analysis reveals that the negative correlation
between CD59 and Treg contributes to a less immune suppressive TME in KIRC, unlike
the positive correlation in CESC, GBM, HNSC, and STAD cancers. This might be due
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to differences in CD59 expression on Treg cells within the TME and differences in the
expression of FOXP3 among these tumors. Moreover, Treg cells can enhance MDSC
function and modulate their differentiation via TGF-β. In TGFβ-dominant cancers like
CESC, GBM, HNSC, and STAD, MDSCs are positively correlated with CD59, contributing
to increased immune suppression.

TAMs play a pivotal role in tumor progression through multiple mechanisms, includ-
ing enhanced angiogenesis [24], stemness [25], chemotherapy resistance [26], and suppres-
sion of anti-tumor immunity [27]. Zhang et al. showed a positive correlation between CD59
and TAM in clinical samples, leading to a worse prognosis in PAAD [12]. We observed
similar correlations in CESC, GBM, HNSC, and STAD cancers, where a strong association
between CD59 and TAM is linked to worse prognosis through IL10/STAT3-dependent
pathways. However, in KIRC, no significant correlation was observed. Additionally, IL10,
which is essential for the polarization of macrophages to an M2-like phenotype [14], also
positively correlates with CD59 expression in CESC, GBM, HNSC, and STAD. To prove this
hypothesis, co-culture experiments of tumor cells and MΦ provided robust evidence that
CESC and GBM can polarize macrophage to a M2 state to create an immune suppressive
TME by upregulating IL10 and CD59. M2 polarization is known to be pro-tumorigenic,
and both GBM and STAD exhibit high M2 TAM infiltration.

TGFβ plays a complex role in the TME, acting as both a tumor suppressor in nor-
mal cells and early-stage cancer by inducing cell cycle arrest [28,29] and activating the
SMAD-dependent apoptosis pathway [30]. However, in advanced cancer, it promotes
tumor progression through EMT, immune evasion, angiogenesis and ECM remodeling [31]
Goswami et al. [17] demonstrated that TGFβ1 induces CD59 expression in lung adeno-
carcinoma cells, which leads to resistance to CDC. Moreover, the induction of CD59 is
Smad3-dependent. Our in vitro data suggests that HeLa and SF188 cells representing CESC
and GBM, respectively, express significantly higher levels of TGFβ compared to 786-O
cells, which represent KIRC. These data confirm that these cancers are TGF-β-dominant,
unlike KIRC. Correlation analysis of CD59 and TGFβ shows a positive correlation in these
cancers, but not in KIRC. TGF-β partially impairs cytotoxic T cell activity [32], and our
data show that only KIRC has CD4+ and CD8+ T cell infiltration, whereas others have
TGF-β-mediated inhibition of cytotoxic T cell infiltration.

In this study, we have demonstrated that the correlation between immune cells in
the TME and CD59 plays a decisive role in predicting prognosis. Immunologically quiet
cancer such as KIRC, where CD59 has less interaction with immune suppressive cells such
as Treg, MDSC, and TAM, predicts favorable outcomes. Contrary to this, CESC, GBM,
HNSC, and STAD express high amounts of FOXP3, IL10, TGFβ, and phosphorylated STAT3,
together with CD59, leading to recruitment of Immune suppressive cells, resulting in worse
prognosis (Figure 8).

Furthermore, CD59 is known to have a complement-independent role in T cell activa-
tion and NK cell-mediated cytotoxicity [33]. This aspect warrants investigation to better
understand how CD59 modulates the immune response in different cancers. Additionally,
TGFβ-dominant cancers such as CESC, GBM, HNSC, and STAD may use CD59 as an
immune escape mechanism by blocking MAC formation and increasing the population
of Treg, MDSC, and TAM. Its association with immune cells across various cancer mod-
els reveals a complex relationship within the TME that shapes tumor progression. Our
correlation analysis of CD59 emphasizes the importance of understanding its interactions
with other immune components across different tumor models, as these dynamics can
affect outcomes. Since CD59 is expressed in all cells, including both tumor and immune
cells, solely silencing or overexpressing it in tumor cells may not yield predictive results.
Targeting CD59 on both immune and tumor cells could potentially offer a novel therapeutic
strategy for these cancers.
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Figure 8. Diagram of CD59-mediated immune suppression in CESC, GBM, HNSC, and STAD.
CESC, GBM, HNSC, and STAD have high amounts of FOXP3, IL10, TGFβ1, and pSTAT3, leading to
increased CD59 transcription and the recruitment of immune suppressive cells such as MDSC, Treg,
and TAM in the TME.

5. Conclusions

Overall, through a comprehensive analysis of CD59 expression across various cancers,
we systematically evaluated its prognostic significance and its relationship with immune
cells. These findings offer a theoretical framework and mechanisms using cell lines to
understand the molecular, biological, and clinical aspects of cancers involving CD59 ex-
pression. Our results indicate that elevated CD59 levels in many cancers contribute to
the inhibition of MAC-mediated cytotoxicity, correlating with poor outcome; however,
KIRC has the opposite trend with favorable outcomes. Further investigation has shown
that CD59-mediated outcomes are affected by the correlation between CD59 and immune-
suppressive cell types such as Treg, MDSC, TAM, and TGF-β. This correlation appears to
predict adverse outcomes in cancers like CESC, GBM, HNSC, and STAD versus favorable
outcomes in KIRC. Despite these insights, the study mainly relies on publicly available
databases, highlighting the need for additional animal research to elucidate the role of
CD59 and its interactions with immune cells in cancer.
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expression and Disease-free Survival (DSS) using Kaplan–Meier in KIRC, CESC, GBM, HNSC and
STAD using GAPIA2 analytical tool.

Author Contributions: Conceptualization, B.P. and A.S.; methodology, B.P. and A.S.; software, B.P.;
validation, S.P., B.P. and A.S.; formal analysis, B.P. and A.S.; investigation, S.G., M.A.E. and M.C.;
resources, S.G. and J.P.; data curation, S.G., M.A.E. and M.C.; writing—original draft preparation, B.P.
and A.S.; writing—review and editing, S.P., B.P. and A.S.; visualization, B.P.; supervision, S.P.; project
administration, B.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

https://www.mdpi.com/article/10.3390/cancers16213699/s1


Cancers 2024, 16, 3699 16 of 17

Institutional Review Board Statement: This study does not require ethical approval as it does not
involve humans or animals in study.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are contained within the article and Supplementary Materials.

Conflicts of Interest: Author Sahdeo Prasad works for R&D Life Sciences. The remaining authors
declare no conflict of interest.

References
1. Meri, S.; Waldmann, H.; Lachmann, P.J. Distribution of protectin (CD59), a complement membrane attack inhibitor, in normal

human tissues. Lab. Investig. 1991, 65, 532–537. [PubMed]
2. Medof, M.E.; Walter, E.I.; Rutgers, J.L.; Knowles, D.M.; Nussenzweig, V. Identification of the complement decay-accelerating

factor (DAF) on epithelium and glandular cells and in body fluids. J. Exp. Med. 1987, 165, 848–864. [CrossRef]
3. McNearney, T.; Ballard, L.; Seya, T.; Atkinson, J.P. Membrane cofactor protein of complement is present on human fibroblast,

epithelial, and endothelial cells. J. Clin. Investig. 1989, 84, 538–545. [CrossRef] [PubMed]
4. Huang, Y.; Qiao, F.; Abagyan, R.; Hazard, S.; Tomlinson, S. Defining the CD59-C9 binding interaction. J. Biol. Chem. 2006, 281,

27398–27404. [CrossRef] [PubMed]
5. Wang, L.N.; Gao, M.H.; Wang, B.; Cong, B.B.; Zhang, S.C. A role for GPI-CD59 in promoting T-cell signal transduction via LAT.

Oncol. Lett. 2018, 15, 4873–4881. [CrossRef]
6. Sivasankar, B.; Longhi, M.P.; Gallagher, K.M.; Betts, G.J.; Morgan, B.P.; Godkin, A.J.; Gallimore, A.M. CD59 blockade enhances

antigen-specific CD4+ T cell responses in humans: A new target for cancer immunotherapy? J. Immunol. 2009, 182, 5203–5207.
[CrossRef]

7. Ruiz-Delgado, G.J.; Vazquez-Garza, E.; Mendez-Ramirez, N.; Gomez-Almaguer, D. Abnormalities in the expression of CD55 and
CD59 surface molecules on peripheral blood cells are not specific to paroxysmal nocturnal hemoglobinuria. Hematology 2009, 14,
33–37. [CrossRef]

8. Zhang, R.; Liu, Q.; Liao, Q.; Zhao, Y. CD59: A promising target for tumor immunotherapy. Future Oncol. 2018, 14, 781–791.
[CrossRef]

9. Li, C.; Jiang, P.; Wei, S.; Xu, X.; Wang, J. Regulatory T cells in tumor microenvironment: New mechanisms, potential therapeutic
strategies and future prospects. Mol. Cancer 2020, 19, 116. [CrossRef]

10. Li, Q.; Nacion, K.; Bu, H.; Lin, F. Mouse CD4+ CD25+ T regulatory cells are protected from autologous complement mediated
injury by Crry and CD59. Biochem. Biophys. Res. Commun. 2009, 382, 223–226. [CrossRef]

11. Lee, C.R.; Kwak, Y.; Yang, T.; Han, J.H.; Park, S.H.; Ye, M.B.; Lee, W.; Sim, K.Y.; Kang, J.A.; Kim, Y.C.; et al. Myeloid-Derived
Suppressor Cells Are Controlled by Regulatory T Cells via TGF-beta during Murine Colitis. Cell Rep. 2016, 17, 3219–3232.
[CrossRef] [PubMed]

12. Zhang, R.; Liu, Q.; Peng, J.; Wang, M.; Gao, X.; Liao, Q.; Zhao, Y. Pancreatic cancer-educated macrophages protect cancer cells
from complement-dependent cytotoxicity by up-regulation of CD59. Cell Death Dis. 2019, 10, 836. [CrossRef] [PubMed]

13. Koch, N.; Jung, M.; Sabat, R.; Kratzschmar, J.; Docke, W.D.; Asadullah, K.; Volk, H.D.; Grutz, G. IL-10 protects monocytes and
macrophages from complement-mediated lysis. J. Leukoc. Biol. 2009, 86, 155–166. [CrossRef] [PubMed]

14. Lopes, R.L.; Borges, T.J.; Zanin, R.F.; Bonorino, C. IL-10 is required for polarization of macrophages to M2-like phenotype by
mycobacterial DnaK (heat shock protein 70). Cytokine 2016, 85, 123–129. [CrossRef]

15. Maizels, R.M. The multi-faceted roles of TGF-beta in regulation of immunity to infection. Adv. Immunol. 2021, 150, 1–42.
[CrossRef]

16. de Folmont, A.; Bourhis, J.H.; Chouaib, S.; Terry, S. Multifaceted Role of the Transforming Growth Factor β on Effector T Cells
and the Implication for CAR-T Cell Therapy. Immuno 2021, 1, 160–173. [CrossRef]

17. Goswami, M.T.; Reka, A.K.; Kurapati, H.; Kaza, V.; Chen, J.; Standiford, T.J.; Keshamouni, V.G. Regulation of complement-
dependent cytotoxicity by TGF-beta-induced epithelial-mesenchymal transition. Oncogene 2016, 35, 1888–1898. [CrossRef]

18. Sanjabi, S.; Oh, S.A.; Li, M.O. Regulation of the Immune Response by TGF-beta: From Conception to Autoimmunity and Infection.
Cold Spring Harb. Perspect. Biol. 2017, 9, a022236. [CrossRef]

19. Mojsilovic, S.; Mojsilovic, S.S.; Bjelica, S.; Santibanez, J.F. Transforming growth factor-beta1 and myeloid-derived suppressor cells:
A cancerous partnership. Dev. Dyn. 2022, 251, 105–124. [CrossRef]

20. Watson, N.F.S.; Durrant, L.G.; Madjd, Z.; Ellis, I.O.; Scholefield, J.H.; Spendlove, I. Expression of the membrane complement
regulatory protein CD59 (protectin) is associated with reduced survival in colorectal cancer patients. Cancer Immunol. Immun.
2006, 55, 973–980. [CrossRef]

21. Xu, C.L.; Jung, M.; Burkhardt, M.; Stephan, C.; Schnorr, D.; Loening, S.; Jung, K.; Dietel, M.; Kristiansen, G. Increased CD59
protein expression predicts a PSA relapse in patients after radical prostatectomy. Prostate 2005, 62, 224–232. [CrossRef] [PubMed]

22. Kapka-Skrzypczak, L.; Wolinska, E.; Szparecki, G.; Czajka, M.; Skrzypczak, M. The immunohistochemical analysis of membrane-
bound CD55, CD59 and fluid-phase FH and FH-like complement inhibitors in cancers of ovary and corpus uteri origin. Cent. Eur.
J. Immunol. 2015, 40, 349–353. [CrossRef] [PubMed]

https://www.ncbi.nlm.nih.gov/pubmed/1721667
https://doi.org/10.1084/jem.165.3.848
https://doi.org/10.1172/JCI114196
https://www.ncbi.nlm.nih.gov/pubmed/2474570
https://doi.org/10.1074/jbc.M603690200
https://www.ncbi.nlm.nih.gov/pubmed/16844690
https://doi.org/10.3892/ol.2018.7908
https://doi.org/10.4049/jimmunol.0804243
https://doi.org/10.1179/102453309X385089
https://doi.org/10.2217/fon-2017-0498
https://doi.org/10.1186/s12943-020-01234-1
https://doi.org/10.1016/j.bbrc.2009.03.025
https://doi.org/10.1016/j.celrep.2016.11.062
https://www.ncbi.nlm.nih.gov/pubmed/28009291
https://doi.org/10.1038/s41419-019-2065-4
https://www.ncbi.nlm.nih.gov/pubmed/31685825
https://doi.org/10.1189/jlb.0708443
https://www.ncbi.nlm.nih.gov/pubmed/19386697
https://doi.org/10.1016/j.cyto.2016.06.018
https://doi.org/10.1016/bs.ai.2021.05.001
https://doi.org/10.3390/immuno1030010
https://doi.org/10.1038/onc.2015.258
https://doi.org/10.1101/cshperspect.a022236
https://doi.org/10.1002/dvdy.339
https://doi.org/10.1007/s00262-005-0055-0
https://doi.org/10.1002/pros.20134
https://www.ncbi.nlm.nih.gov/pubmed/15389793
https://doi.org/10.5114/ceji.2015.54598
https://www.ncbi.nlm.nih.gov/pubmed/26648780


Cancers 2024, 16, 3699 17 of 17

23. Li, B.J.; Lin, H.; Fan, J.; Lan, J.; Zhong, Y.L.; Yang, Y.; Li, H.; Wang, Z.W. CD59 is overexpressed in human lung cancer and
regulates apoptosis of human lung cancer cells. Int. J. Oncol. 2013, 43, 850–858. [CrossRef] [PubMed]

24. Huang, S.; Van Arsdall, M.; Tedjarati, S.; McCarty, M.; Wu, W.; Langley, R.; Fidler, I.J. Contributions of stromal metalloproteinase-9
to angiogenesis and growth of human ovarian carcinoma in mice. J. Natl. Cancer Inst. 2002, 94, 1134–1142. [CrossRef]

25. Chen, Y.; Tan, W.; Wang, C. Tumor-associated macrophage-derived cytokines enhance cancer stem-like characteristics through
epithelial-mesenchymal transition. Onco Targets Ther. 2018, 11, 3817–3826. [CrossRef]

26. Xiao, M.; He, J.; Yin, L.; Chen, X.; Zu, X.; Shen, Y. Tumor-Associated Macrophages: Critical Players in Drug Resistance of Breast
Cancer. Front. Immunol. 2021, 12, 799428. [CrossRef]

27. Xiang, X.; Wang, J.; Lu, D.; Xu, X. Targeting tumor-associated macrophages to synergize tumor immunotherapy. Signal Transduct.
Target. Ther. 2021, 6, 75. [CrossRef] [PubMed]

28. Mukherjee, P.; Winter, S.L.; Alexandrow, M.G. Cell cycle arrest by transforming growth factor beta1 near G1/S is mediated
by acute abrogation of prereplication complex activation involving an Rb-MCM interaction. Mol. Cell Biol. 2010, 30, 845–856.
[CrossRef]

29. Cheng, T.; Shen, H.; Rodrigues, N.; Stier, S.; Scadden, D.T. Transforming growth factor beta 1 mediates cell-cycle arrest of primitive
hematopoietic cells independent of p21(Cip1/Waf1) or p27(Kip1). Blood 2001, 98, 3643–3649. [CrossRef]

30. Yoo, J.; Ghiassi, M.; Jirmanova, L.; Balliet, A.G.; Hoffman, B.; Fornace, A.J., Jr.; Liebermann, D.A.; Bottinger, E.P.; Roberts, A.B.
Transforming growth factor-beta-induced apoptosis is mediated by Smad-dependent expression of GADD45b through p38
activation. J. Biol. Chem. 2003, 278, 43001–43007. [CrossRef]

31. Hao, Y.; Baker, D.; Ten Dijke, P. TGF-beta-Mediated Epithelial-Mesenchymal Transition and Cancer Metastasis. Int. J. Mol. Sci.
2019, 20, 2767. [CrossRef] [PubMed]

32. Thomas, D.A.; Massague, J. TGF-beta directly targets cytotoxic T cell functions during tumor evasion of immune surveillance.
Cancer Cell 2005, 8, 369–380. [CrossRef] [PubMed]

33. Kimberley, F.C.; Sivasankar, B.; Paul Morgan, B. Alternative roles for CD59. Mol. Immunol. 2007, 44, 73–81. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3892/ijo.2013.2007
https://www.ncbi.nlm.nih.gov/pubmed/23835643
https://doi.org/10.1093/jnci/94.15.1134
https://doi.org/10.2147/OTT.S168317
https://doi.org/10.3389/fimmu.2021.799428
https://doi.org/10.1038/s41392-021-00484-9
https://www.ncbi.nlm.nih.gov/pubmed/33619259
https://doi.org/10.1128/MCB.01152-09
https://doi.org/10.1182/blood.V98.13.3643
https://doi.org/10.1074/jbc.M307869200
https://doi.org/10.3390/ijms20112767
https://www.ncbi.nlm.nih.gov/pubmed/31195692
https://doi.org/10.1016/j.ccr.2005.10.012
https://www.ncbi.nlm.nih.gov/pubmed/16286245
https://doi.org/10.1016/j.molimm.2006.06.019
https://www.ncbi.nlm.nih.gov/pubmed/16884774

	Introduction 
	Materials and Methods 
	ShinyGO v0.741 
	GEPIA Dataset 
	Human Protein Atlas (HPA) 
	TISIDB 
	TIMER 
	Immunoblotting 
	Immunofluorescence 
	qRT-PCR 
	Flow Cytometry 
	ELISA Assay 
	Data Availability 
	Statistics 

	Results 
	Role of CD59 and Its Expression in Different Cancers 
	Abundant Expression of CD59 in Multiple Cancer Cell Lines 
	Prognostic and Diagnostic Value of CD59 in Multiple Cancer 
	Correlation Between Treg and MDSC with CD59 Expression Leads to Immune Suppression 
	Association Between CD59 and Tumor-Associated M2 Macrophage Enhances Immune Suppression 
	TGF1 Co-Expression with CD59 Inhibits T Cell-Mediated Cytotoxicity 

	Discussion 
	Conclusions 
	References

