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ABSTRACT - Objective: Acute Myeloid Leukaemia (AML) is an aggressive haematological malignancy with
poor prognosis, mainly due to its complex interactions with the immune microenvironment. The RHD and RHCE
genes, best known for their role in red blood cell biology, are emerging as potential regulators of immune process-
es. This study aimed to investigate the differential expression of RHD and RHCE in various immune cell types with-
in AML tumour samples and healthy blood samples, utilising large-scale transcriptomic data (TCGA and GTEx).

Materials and Methods: Gene expression analyses were conducted using GEPIA, GEPIA2, and GEPIA2021,
which integrate data from TCGA and GTEx. Normalised expression levels of RHD and RHCE were compared be-
tween AML tumour and normal blood samples across various immune cell types, including monocytes, macro-
phages, T cells, and NK cells, using log2(TPM + 1) values.

Results: Both RHD and RHCE were significantly overexpressed in AML tumour samples compared to healthy
blood samples across several immune cell populations, including monocytes, macrophages, T cells, and B cells.
Notably, RHD was highly expressed in T cells and monocytes, whilst RHCE showed elevated expression in macro-
phages and dendritic cells. In contrast, activated NK cells displayed higher RHCE expression in normal blood than
in AML tumour samples.

Conclusions: The differential expression of RHD and RHCE in immune cells suggests their potential roles in
modulating the immune microenvironment in AML. These findings provide a foundation for future research
into the functional implications of RHD and RHCE in leukaemia progression and immune regulation. The study
also highlights the utility of GEPIA platforms for comprehensive gene expression analysis in haematological
malignancies.

KEYWORDS: Acute Myeloid Leukaemia, RHD, RHCE, Gene expression, TCGA, GTEX, Immune microenvironment,
GEPIA, Immune cell deconvolution, Hematological malignancies.
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INTRODUCTION

Acute Myeloid leukaemia (AML) is an aggressive haematological malignancy characterised by the rapid
proliferation of abnormal myeloid progenitor cells, which leads to bone marrow failure and disruption
of normal haematopoiesis®. Despite advances in treatment, the prognosis for AML remains poor, partic-
ularly in older adults, with relapse being a common challenge. As such, there is a pressing need to better
understand the molecular mechanisms underlying AML to develop novel therapeutic strategies®?.

The RHD and RHCE genes, located on chromosome 1, encode proteins that are part of the Rh blood
group system*. These proteins are primarily known for their role in red blood cell physiology, particularly
in the context of blood transfusion and haemolytic disease®. However, emerging evidence suggests that
the expression of RHD and RHCE may extend beyond erythrocytes, implicating these genes in broader
biological processes®, including immune regulation. Recent studies have highlighted their involvement
in immune cell differentiation, migration, and activation, making them potentially relevant in the con-
text of haematological malignancies such as AML.

The immune microenvironment plays a pivotal role in the progression of AML, where interactions
between leukaemia cells and various immune cell populations contribute to immune evasion and tu-
mour cell survival®. Given the established role of immune cells in the pathogenesis of AML’, it is essential
to explore how genes like RHD and RHCE, which are involved in immune-related processes, may influ-
ence the tumour immune microenvironment®. Understanding the expression patterns of these genes
in different immune cell populations could provide valuable insights into their potential roles in AML
progression and immune modulation’.

Previous studies have primarily focused on the role of RHD and RHCE in red blood cell biology?, leav-
ing a significant gap in knowledge regarding their function in immune cells, particularly in the context of
cancer?®, This study aims to address this gap by profiling the expression of RHD and RHCE across various
immune cell types in AML and normal blood samples. Investigating how these genes are differentially
expressed in the tumour microenvironment vs. healthy tissues may uncover novel mechanisms contrib-
uting to AML pathogenesis.

Large-scale transcriptomic data from public databases such as The Cancer Genome Atlas (TCGA) and
the Genotype-Tissue Expression (GTEx) project offer a powerful resource for investigating gene expression
patterns in cancer'*?, TCGA provides comprehensive RNA sequencing data from various tumour types, in-
cluding AML, while GTEx references normal tissue expression. By comparing gene expression profiles from
the TCGA-AML datasets with healthy blood samples from GTEX, researchers can identify dysregulated
genes in AML and gain insights into their potential functional relevance in tumour biology>*3.

The GEPIA (Gene Expression Profiling Interactive Analysis) platforms are well-established tools that
allow researchers to explore and visualise RNA-seq data derived from TCGA and GTEx projects!®. These
platforms provide user-friendly interfaces for differential expression analysis, correlation analysis, survival
analysis, and more. The subsequent versions, GEPIA2 and GEPIA2021%, build on the original platform by
incorporating updated datasets and enhanced functionalities, such as immune cell-type deconvolution.

Given the complexity of the AML immune microenvironment, the use of GEPIA2 and GEPIA2021 for
immune cell-type deconvolution provides a critical advantage in this study. By breaking down gene expres-
sion patterns within specificimmune cell subpopulations?®, we can better understand how RHD and RHCE
are expressed in different immune contexts. This approach allows us to investigate whether these genes
are associated with immune cell activation, suppression, or evasion within the tumour microenvironment.

This study aims to profile the expression of RHD and RHCE in various immune cell populations within
AML tumour samples and compare them to their expression in normal blood samples. Specifically, we
aim to determine whether RHD and RHCE are differentially expressed in immune cells from AML tumour
samples compared to normal blood and identify immune cell subpopulations where these genes are sig-
nificantly dysregulated. Finally, we explore the potential roles of RHD and RHCE in modulating immune

cell behaviour within the AML microenvironment.

MATERIALS AND METHODS
Data Source and Selection
The data used in this study were obtained from The Cancer Genome Atlas (TCGA, Funded and managed

by the NCI and the NHGRI, (Bethesda, MD, USA) and the Genotype-Tissue Expression (GTEx, Supported
by the NIH, Bethesda, MD, USA.) projects. These datasets provide large-scale RNA sequencing (RNA-seq)
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data from tumour and normal samples, enabling comprehensive gene expression profiling. The study
focused on AML tumour samples (n=173) and corresponding healthy normal blood samples (n=70). The
genes of interest were RHD and RHCE, which were selected based on their known biological significance
in haematological malignancies.

Gene Expression Analysis

Gene expression analysis was performed using three web-based platforms: Gene Expression Profiling
Interactive Analysis 1, 2 and 2021 (GEPIA, GEPIA2, and GEPIA2021) (Zhang's Lab, at Peking University,
Beijing, China). These platforms facilitate RNA-seq data analysis across multiple cancer types, includ-
ing TCGA-LAML, by integrating data from the TCGA and GTEx databases. Each platform was employed
to cross-validate the results, ensuring robustness and reproducibility in the observed gene expression
patterns.

Normalisation and Expression Quantification

Gene expression levels were normalised and quantified using log2(TPM+1) (Transcripts Per Million) to
allow for variation across different samples and experimental conditions. TPM normalisation corrects
sequencing depth and gene length, while log transformation helps stabilise variance across the dataset.

Differential Expression and Survival Analysis

The gene expression levels of RHD and RHCE were compared between AML tumour (n=173) and normal
blood (n=70) samples across various immune cell types, including Monocytes, Macrophages (MO0, M1,
M2), T cells (CD8, CD4 Naive, CD4 Memory Resting, CD4 Memory Activated), B cells (Naive, Memory),
Natural Killer (NK) cells (Resting, Activated), Dendritic cells (Resting, Activated), Mast cells (Resting, Ac-
tivated), Eosinophils and Neutrophils.

To evaluate the survival rates of patients with AML based on gene expression levels, we utilised the
GEPIA platform. The analysis focused on the RHD and RHCE genes, hypothesised to play a role in AML
progression and immune microenvironment modulation. Patients (n=106) were stratified into high-ex-
pression and low-expression groups based on median gene expression levels. Kaplan-Meier plots were
automatically generated by GEPIA, showing the proportion of surviving patients over time for each
expression group. Additionally, Log-rank tests, hazard ratios (HR), and confidence intervals (Cl) for sur-
vival comparisons were performed to compare survival distributions between the two groups, and the
resulting p-values were used to determine statistical significance.

Data Visualisation

The results of the differential expression analysis were visualised using boxplots generated by the GE-
PIA platforms. These boxplots display the median expression levels, interquartile ranges, and outliers
for RHD and RHCE in each immune cell type, allowing for easy comparison between LAML tumour and
normal blood samples (n=173 and 70, respectively).

Immune Cell-Type Deconvolution

To gain deeper insights into the immune microenvironment of AML, immune cell-type deconvolution
was performed using the functionalities available in GEPIA2 and GEPIA2021. This approach helped to
characterise the relative contributions of different immune cell types to the expression levels of RHD
and RHCE. The deconvolution process provides a clearer picture of how these genes may play distinct
roles in the context of the immune response in AML.

Validation of Results

To ensure the accuracy and reproducibility of the findings, the results were cross validated across the
three platforms (GEPIA, GEPIA2, GEPIA2021). The datasets for each platform were updated, and algo-
rithm improvements were made in order to ensure that the observed trends in gene expression re-
mained consistent. Additionally, previous studies in the literature were referenced to confirm that the
findings aligned with known patterns of gene regulation in haematological malignancies.
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Ethical Considerations

The Biomedical Research Ethics Committee at Umm Al-Qura University approved the project concept
and protocol (HAPO-02-K-012-2023-03-153). All data used in this study were obtained from publicly
available sources (TCGA and GTEx), and no patient-identifying information was involved. As a result, this
study did not require specific ethical approval or patient consent.

Statistical analysis

All statistical analyses were conducted using the GEPIA platforms (GEPIA, GEPIA2, and GEPIA2021).
The platform’s internal algorithms automatically generated the visualisation and statistical summaries,
which provided F-values and p-values for each comparison.

The statistical analysis was conducted using one-way ANOVA to determine the significance of the
differences in gene expression between tumour and normal samples. F-values and p-values were calcu-
lated for each immune cell type to assess the magnitude and significance of the observed differences. A
p-value <0.05 was considered statistically significant.

RESULTS
Differential Expression of RHCE and RHD Genes in LAML Tumour and Normal Samples

The gene expression levels of RHCE and RHD were assessed in tumour and normal samples of pa-
tients with AML, measured in log2 (TPM+1) units (Figure 1). The data revealed a significant differ-
ence in the expression patterns of both genes between tumour and normal tissues. RHCE expres-
sion showed a marked downregulation in tumour samples compared to normal tissues. The mean
expression in tumour samples was 1.26, whereas the levels in normal samples were significantly
higher (>3.5-fold) (Figure 1). This suggests a potential role of RHCE in suppressing tumour activi-
ty or its involvement in tumorigenesis. In contrast, RHD expression displayed the opposite trend,
where tumour tissues exhibited a considerably higher expression level (>2-fold) compared to nor-
mal samples.
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Survival Analysis of RHCE and RHD Expression in AML Patients

Survival analyses were performed to further explore the clinical relevance of RHCE and RHD expression
in AML and evaluate the association between gene expression levels and patient overall survival (Fig-
ure 2). The survival analysis for RHCE expression divided patients into two groups based on high and
low gene expression levels. The Kaplan-Meier survival curves demonstrated no significant difference
between the two groups, as indicated by a log-rank p-value of 0.51. The hazard ratio (HR) for the high
expression group was 0.83, with no statistically significant difference in overall survival between the
high and low expression groups (p=0.51). The number of patients in both the high and low expression
groups was 53 each. Similarly, survival analysis for RHD expression revealed no significant association
between RHD expression levels and overall survival in AML patients.
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Figure 2. Kaplan-Meier survival curves for RHCE and RHD expression in AML patients. This figure illus-
trates the Kaplan-Meier survival analysis for AML patients grouped by high and low expression levels
of RHCE and RHD genes. In both cases, there is no significant difference in overall survival between the
high and low-expression groups. For RHCE, the log-rank p-value is 0.51 with a hazard ratio (HR) of 0.83,
indicating a non-significant trend towards better survival in the high expression group. For RHD, the log-
rank p-value is 0.78, with a hazard ratio of 1.1, showing no significant survival difference between the
groups. Each group contained 53 patients.

Isoform Expression of RHCE and RHD Genes in AML Patients

The expression patterns of their isoforms were analysed to further investigate the complexity of RHCE
and RHD gene expression in AML (Figure 3). Isoform expression profiles provide insights into the di-
versity of transcript usage and potential functional variation in cancer biology. Multiple isoforms of
the RHCE gene were observed, each with varying expression levels across the AML samples. The most
highly expressed isoforms included ENST00000527187.5 (RHCE-002) and ENST00000294413.11 (RHCE-
001), showing relatively higher expression than the other isoforms. A total of 12 distinct isoforms were
identified, with notable variation in their expression levels. This variation suggests a potential functional
diversity of RHCE in AML tumour biology, although further functional studies are required to determine
the specific roles of these isoforms. Similarly, the RHD gene displayed diverse isoform expression in
AML patients. The most prominently expressed isoforms included ENST00000328664.8 (RHD-001) and
ENST00000564398.5 (RHD-003). Ten distinct isoforms were identified, each contributing differently to
the overall expression profile of the gene. The variability in isoform expression suggests that different
RHD transcripts may play distinct roles in the pathogenesis of AML.
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Figure 3. Isoform expression profiles of RHCE and RHD genes in AML patients. This figure displays the iso-
form expression patterns of RHCE and RHD genes in AML samples. For RHCE, a total of 12 isoforms were
identified, with RHCE-001 and RHCE-022 being the most highly expressed. For RHD, 9 isoforms were detect-
ed, with RHD-001 and RHD-003 (showing the highest expression levels. The variation in isoform expression
across both genes suggests potential functional diversity, which may influence AML pathogenesis. The x-axis
represents the individual isoforms, and the y-axis indicates the expression level (TPM).

Correlation between RHCE and RHD Gene Expression in AML

Correlation analysis assessed the relationship between RHCE and RHD gene expression levels in AML
samples (Figure 4). The gene expression values for both genes were log-transformed (log2 TPM), and
their expression correlations were calculated (Figure 4). The analysis yielded a Pearson correlation coef-
ficient (R) of 0.67, indicating a moderate positive correlation between the expression levels of RHCE and
RHD. The p-value for this correlation was <0.05, demonstrating that the observed correlation is statisti-
cally significant. This suggests that higher expression of one gene is associated with higher expression of
the other in AML samples. Furthermore, the scatter plot of log2-transformed TPM values for RHCE and
RHD showed a clear upward trend, supporting the positive correlation. Moreover, the tight clustering of
data points along this trend line further underscores the relationship between the expression profiles
of both genes in the context of AML.

Differential Expression of RHD and RHCE in Various Immune Cell Types in AML and Blood Samples

The expression of RHD was analysed in various immune cell types in both LAML tumour samples and
healthy blood samples (Figure 5). The expression levels are presented in log2(TPM+1) units, with the re-
sults summarised across the following immune cell populations. The expression of RHD was significantly
higher (2-fold) in AML tumour samples compared to blood samples (F = 125.09, p = 1e-15). For MO and
M1 Macrophages, RHD expression was slightly elevated in tumour samples compared to blood, with
a significant difference between them (F=65.73, p=5.55e-15; F=3.94, p=0.05; respectively). M2 Mac-
rophages, however, had a notable increase in tumour samples (2-fold) compared to blood, with high
statistical significance (F=401.56, p=1e-15). Naive B and memory B cells exhibited elevated RHD expres-
sion in AML that was 3-fold (F=150.52, p=1e-15) and 2-fold (F=24.91, p=7.84e-7) significantly higher than
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blood. Plasma B cells also exhibited increased RHD expression in tumour samples (mean=1.0) compared
to blood (mean=0.3), with statistical significance (F=139.42, p=1e-15). Whilst resting natural killer (NK)
cells showed no significant difference in RHD expression between tumour and blood samples (F=0.80,
p=0.37), activated NK cells displayed significantly increased expression in blood samples (2-fold) com-
pared to tumour (F=13.90, p=2.11e-4). Furthermore, lymphoid derived CD8+ T cells did not significantly
differ in RHD expression between tumour and blood samples (F=1.49, p=0.22). However, naive CD4 T
cells had 4-fold significantly higher expression in AML samples compared to blood (F= 28.08, p=1.62e-7).
Both resting and activated CD4+memory T cells showed increased expression in tumour samples (mean
= 0.6 and 0.8, respectively) compared to blood (mean=0.1 and 0.2, respectively), with high statistical
significance (F=531.49, p=1e-15, and F=25.84, p=4.92e-7, respectively). Similarly, eosinophils and neutro-
phils displayed significantly higher expression of RHD in tumour samples (>3.5-fold and >3-fold, respec-
tively) compared to blood.

The expression of RHCE was analysed in multiple immune cell types in AML tumours and healthy
blood samples (Figure 5). The expression levels were reported in log2(TPM + 1), and the results high-
light significant differences across immune cell populations. Although resting NK cells showed no
significant difference in RHCE expression between tumour and blood samples (F=2.28, p=0.13), acti-
vated NK cells exhibited 2-fold significantly higher RHCE expression in blood samples than in tumour
samples (F=12.08, p=5.47e-4). As with RHD, expression of RHCE was significantly higher in eosinophils
and neutrophils in AML tumour samples (F=265.85, p=1e-15 and F=225.16, p=1e-15, respectively). Fur-
thermore, monocytes displayed 2.5-fold significantly higher RHCE expression in AML tumour samples
compared to blood samples (F=136.84, p=1e-15). Similarly, both MO and M1 macrophages showed
>2-fold pronounced and significant elevated RHCE expression in tumour vs. blood samples (F = 56.85,
p=1.69e-13 and F=360.65, p=1e-15, respectively); however, M1 macrophages only marginally in-
creased expression of the genes (F=3.80, p=0.05). A similar pattern to M1 macrophages was observed
with resting dendritic cells, whereas RHCE expression was dramatically increased (5-fold) in activated
dendritic cells in the tumour samples (F=46.39, p=2.31e-11). Resting mast cells had significantly high-
er RHCE expression in tumour samples (mean = 0.4) compared to blood (mean < 0.1), with a highly
significant difference (F=442.42, p=1e-15). In contrast, activated mast cells showed a marginal differ-
ence between tumour and blood samples (F=3.85, p=0.05). Furthermore, naive, memory and plasma
B cells exhibited 2-fold significantly elevated RHCE expression in AML tumour samples compared to
blood (F=145.16, p=1e-15; F= 27.36, p=2.31e-7; and F=132.31, p=1e-15; respectively). Although CD8+ T
cells did not show any significant difference in RHCE expression between tumour and blood samples
(F=0.03, p=0.86), in contrast, naive, resting, and activated CD4+ T cells exhibited significantly higher
RHCE expression in AML tumour samples compared to blood (F=27.54, p=2.12e-7; F=461.87, p=1e-15;
F=17.19, p=3.85e-5; respectively).
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Figure 5. Differential expression of RHD and RHCE in various immune cell types in AML tumour and
blood samples. This figure compares the expression levels of RHD and RHCE in multiple immune cell
types between AML tumour samples (blue) and healthy blood samples (orange), measured in log2(TPM
+ 1). The plots highlight significant differences in expression across different immune cell populations,
including Monocytes, Macrophages, T cells, B cells, and Plasma cells. In most cell types, both RHD and
RHCE showed significantly higher expression in AML tumour samples, with notable exceptions such as
Activated NK cells for RHD and RHCE, where expression was higher in blood. Statistical significance is
indicated by F-values and p-values displayed above each plot.

DISCUSSION
Gene Expression Profiling of RHD and RHCE in AML

The current study utilised publicly available RNA-sequencing data from TCGA and GTEx databases®*'’
to investigate the differential expression of blood group genes?, specifically RHD and RHCE, in AML and
healthy blood samples. This analysis was performed using the GEPIA, GEPIA2, and GEPIA2021 platforms,
providing robust and reproducible results that offer insights into the roles of these genes within the
immune microenvironment of AML.

Differential Expression of RHD and RHCE in AML

The results revealed significant differences in the expression of RHD and RHCE between AML tumours
and normal blood samples across various immune cell types. RHD was generally overexpressed in tu-
mour samples, particularly in monocytes, macrophages, T cells, and B cells, indicating a potential role in
AML tumourigenesis or immune evasion. Similarly, RHCE exhibited elevated expression in monocytes,
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macrophages, and dendritic cells, highlighting its possible involvement in the modulation of the tumour
immune microenvironment. The elevated expression of RHD in tumour samples could indicate its pos-
sible contribution to oncogenic processes in AML. These findings underscore the distinct expression
profiles of RHCE and RHD in AML, suggesting a potential functional divergence between these genes
in tumour progression or treatment and normal cellular processes>®!8. Further functional studies are
warranted to elucidate the biological implications of these expression differences.

These findings are consistent with previous reports that suggest RHD and RHCE play crucial roles in
immune cell function, particularly in the context of haematological malignancies®®. The elevated expres-
sion of these genes in tumour samples could indicate their involvement in the recruitment or activation
of immune cells within the tumour microenvironment. Furthermore, the differential expression of RHD
and RHCE in specific immune cell populations, such as T cells and macrophages, suggests that these
genes may be differentially regulated depending on the immune cell subtype, which could have implica-
tions for targeted therapeutic approaches®2.

Immune Cell-Type Specific Patterns

The deconvolution of immune cell types in GEPIA2 and GEPIA2021 provided a deeper understanding of
the immune landscape in AML. The results showed that activated NK cells displayed higher RHCE ex-
pression in healthy blood samples compared to AML samples, suggesting that RHCE expression may be
suppressed in these cells during tumour progression?*%. Conversely, the significantly higher expression
of RHD in AML tumour-associated immune cells, such as monocytes and T cells, points to a potential role
in tumour-associated immune dysregulation?%24,

Interestingly, plasma and naive B cells exhibited distinct expression patterns of both genes in AML,
potentially reflecting the involvement of RHD and RHCE in antibody production or B cell maturation
within the tumour microenvironment?>%¢, The differential expression of these genes across various im-
mune cell types underscores their complexity and highlights the need for further functional studies to
clarify their roles in AML progression.

Biological Implications and Future Directions

The overexpression of RHD and RHCE in specific immune cell types in AML suggests that these genes
may contribute to the immune escape mechanisms employed by the tumour?. By modulating immune
cell activation, these genes could facilitate tumour growth and survival by creating an immunosup-
pressive environment?. Given the significant role of the immune system in controlling cancer progres-
sion%81619.2527 ynderstanding how RHD and RHCE contribute to immune regulation in AML is critical for
identifying new therapeutic targets.

Future studies should focus on further characterising the biological functions of these genes in AML.
In particular, functional assays examining how RHD and RHCE influence immune cell activation, cytokine
production, and tumour immune evasion would provide valuable insights into the underlying mecha-
nisms that define their function in leukaemia. Moreover, developing targeted therapies to modulate
RHD or RHCE expression in specific immune cell types could represent a novel strategy for improving
immune response in AML patients.

Limitations

While this study provides important insights into the differential expression of RHD and RHCE in AMLL, several
limitations should be acknowledged. First, the analysis relied solely on transcriptomic data from public data-
bases, which may not capture the full complexity of gene regulation at the protein level. Further studies util-
ising proteomics data would be beneficial in validating the findings observed at the mRNA level. Additionally,
while immune cell-type deconvolution estimates immune cell populations, single-cell RNA sequencing could
offer more precise information regarding the specific cell types expressing these genes in AML.

Another limitation is the lack of longitudinal data, which prevents the understanding of how RHD and
RHCE expression may change over the course of disease progression or in response to treatment. Future
studies incorporating time-course data could help elucidate the dynamic nature of these genes in AML
and their potential as biomarkers for disease monitoring.
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CONCLUSIONS

This study provides valuable insights into the differential expression of RHD and RHCE in various im-
mune cell types in AML using data from the TCGA and GTEx databases, analysed through the GEPIA,
GEPIA2, and GEPIA2021 platforms. These established RNA-sequencing analysis tools allowed for robust
comparisons between AML samples and normal blood samples, highlighting the complex roles of RHD
and RHCE in the immune landscape of AML.

The findings revealed significant overexpression of RHD and RHCE in AML tumour-associated im-
mune cells, particularly in monocytes, macrophages, T cells, and B cells, suggesting that these genes
may be involved in modulating the immune microenvironment to support tumour survival and progres-
sion. The differential expression observed in NK cells, with higher expression of RHCE in normal blood
samples, further suggests context-dependent regulation of these genes in different immune cell types,
potentially influencing immune surveillance mechanisms.

The study results emphasise the importance of RHD and RHCE in shaping the tumour-immune interac-
tions in AML. These genes could be potential biomarkers for disease progression orimmune dysfunction
within the tumour microenvironment. The observed expression patterns warrant further investigation
into the functional roles of RHD and RHCE in immune cell activation and tumour immunology, to uncover
novel therapeutic targets that could modulate these pathways to enhance anti-tumour immunity.

Moreover, this study underscores the utility of the GEPIA platforms in facilitating large-scale tran-
scriptomic analysis and enabling the exploration of cancer-immune interactions. The ability to integrate
data from multiple publicly available datasets and perform immune cell deconvolution strengthens the
validity of the findings and provides a foundation for future research into gene expression profiles in
haematological malignancies.

While this study has contributed to understanding the roles of RHD and RHCE in AML, further re-
search is needed to validate these findings at the protein level and elucidate the functional consequenc-
es of gene expression changes. Single-cell RNA sequencing and proteomic analyses would offer greater
granularity and confirm the specific immune cell populations driving the observed expression patterns.
Additionally, longitudinal studies could provide insights into the dynamic expression of RHD and RHCE
during disease progression and in response to therapeutic interventions.

In conclusion, this study has highlighted the potential significance of RHD and RHCE in the immune
microenvironment of AML. By leveraging publicly available transcriptomic data and the analytical power
of the GEPIA platforms, we have uncovered critical gene expression patterns that may influence tu-
mour development and immune responses. Future work on these findings will help to advance our
understanding of these genes in cancer biology and explore their potential as targets for therapeutic
intervention.
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