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Wilms tumour is the fourth leading cause of paediatric malignancy, but the detailed relationship between
the tumour microenvironment and prognosis remains largely unclear. In this research, gene expression
profile and clinical information from TARGET and the First Affiliated Hospital of Anhui Medical
University were collected. After comparing the prognostic value of the associated immune cells, we
established a nomogram to predict the prognosis of Wilms tumour based on monocyte infiltration,
macrophage infiltration, stage, and sex. Further results showed that the most significant relationship
between matrix metallopeptidase 9 and prognosis or macrophage infiltration. Meanwhile, by gene set
enrichment or variation analyses and immunohistochemistry staining, we demonstrated that the most
highly enriched hub genes were closely related to the activated oxidative phosphorylation pathway.
Finally, through tumour immune dysfunction and an exclusion algorithm, the satisfactory discriminative
performance of our nomogram was revealed for predicting the response to clinical therapy. Anti-PD1
therapy is more suitable for Wilms tumour patients with high nomogram points, and chemotherapies
are more effective for patients with low nomogram score.

© 2022 The Authors. Published by Elsevier B.V. on behalf of Research Network of Computational and

Structural Biotechnology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Wilms tumour (WT, nephroblastoma), as the fourth leading
cause of paediatric malignancy, accounts for approximately 500
new cases each year in the United States [1]. It has been identified
by the National Wilms Tumor Society (NWTS) and the Children’s
Oncology Group (COG) as the most common kidney cancer in pae-
diatric patients, with more frequency in girls than boys [1-3]. The
latest data also show that the diagnosis of WT is often made in the
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first 3 years of life for sporadic cases and in 2 years for hereditary
cases and is more common in Black children, but less common in
Asian than in White children, emphasizing an important role of
race and ethnic effects in the aetiology of WT [1,4]. WT can also
occur along with genetic conditions and congenital syndromes in
approximately 10% of cases, such as Denys-Drash syndrome,
Wilms-Aniridia-Genitourinary-mental Retardation, and Beckwith-
Wiedemann syndrome [5,6]. As reported by NWTS/COG and the
International Society of Paediatric Oncology (SIOP), significant
improvements in multimodal therapy have exceeded overall five-
year survival rates by >90% in patients with localized disease [6-
8]. Nevertheless, mortality continues to be a serious issue, espe-
cially for specific subgroups, including those who relapse, those
with anaplastic histology, and those with bilateral tumours. These
WT patients have shorter event-free survival time and are at risk
for secondary neoplasms and other late complications [8].
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Tumour-infiltrating immune cells (TIICs) are essential compo-
nents of the tumour microenvironment and could be promising
candidates for disease prognosis and potential targets of
immunotherapy, which can alter the immune status of tumours.
The tumour microenvironment and immunotherapy effectiveness
in WT have not been well understood until now, while the impor-
tance of TIICs and inflammatory and immune markers in other can-
cers has been well defined. Since 1972, nonmetastatic WT patients
were observed to have stronger tumour-related cell-mediated
cytotoxicity than patients with disseminated disease [9]. Another
study reported that the CD3* CD4~ CD8" T cell line was confirmed
to be cytotoxic against HLA-A2402* WT cells [10]. Then, macro-
phage infiltration and few T lymphocytes were found in WT in Vak-
kila et al.’s incomplete study [11]. Holl et al. [12] reported activated
CD8"* and CD4" T cells present in WTs before and after chemother-
apy, especially elevated levels of WT-infiltrating natural killer (NK)
cells, compared with those from patients’ peripheral blood cells. A
high density of infiltrated CD8" lymphocytes at the invasive margin
may play an important role in lowering recurrence [13]. Similarly,
adaptive immune cells (CD3" T cells and CD20" B cells) were pri-
marily localized in the stromal component of tumours, while the
infiltration pattern and density of innate immune cells, such as
CD68* tumour-associated macrophages (TAMs),
myeloperoxidase-positive neutrophils, and mast cells, were dis-
tributed in all regions of the tumour [14,15]. The tight association
between WT and immunocytes reflects the immune system’s
impact on tumorigenesis, as well as its predictive value.

A wide landscape of immune responses has been demonstrated
based on a comprehensive understanding of TIICs. Until now, the
expansive and comprehensive landscape of infiltrated TIICs in
WT patients had not been elucidated, let alone the relationship
between TIICs and prognosis. The newly developed computational
approach CIBERSORT allows for immune cell profiling analysis
based on the deconvolution of gene expression microarray data
and an algorithm for in silico quantification [16]. The machine
learning approach CIBERSORT uses a support vector regression,
which allows us to identify immune cell-based prognostic and
therapeutic markers more comprehensively and effectively. To
construct a comprehensive overview of various immune cells and
other factors, we hope our analysis will aid in the advent of novel
prognostic factors and therapeutic targets for WT patients.

2. Materials and methods
2.1. Patient collection

Gene expression profile and clinical information of 130 wt
patients and 6 healthy controls were collected from the TARGET-
WT project [17]. Gene expression data for the fragments per kilo-
base of nonoverlapping exons per million fragments mapped
(FPKM) were computed from the raw count form first and then
converted into transcripts per kilobase million (TPM) data. Noise
was defined as mRNAs with a TPM value <1 in over 90% of the sam-
ples and were removed. Slides fixed in formalin and embedded in
paraffin (FFPE) were collected from seven WT patients who under-
went tumourectomy at the First Affiliated Hospital of Anhui Med-
ical University (AHMU-WT cohort). Clinical features and follow-up
information of the seven patients were obtained by telephone or
during consult in the clinic, and we used death as the end point.

2.2. Estimation of immunocytes infiltration

CIBERSORT, as a deconvolution algorithm analytical tool using a
normalized gene signature matrix, was used to quantify the abun-
dance, percentage, and cell composition of various TIICs [16]. The
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density and fractions of 22 subtypes of immune cells were defined
by the LM22 signature file, including T cells [resting/activated
memory CD4+ T cells, naive CD4" T cells, follicular helper (Tfh)
cells, regulatory T cells (Treg), v& T cells, CD8+ T cells], B cells
(naive B cells, memory B cells, plasma cells), macrophages (MO,
M1, M2), NK cells (resting/activated), neutrophils, eosinophils,
monocytes, dendritic cells (resting/activated) and mast cells (rest-
ing/activated). For the prognostic evaluation of immunocytes, the
patients were separated into two groups via the median value of
the proportion of each immunocyte.

2.3. Gene set enrichment analysis (GSEA) and gene set variation
analysis (GSVA) analysis

A GSEA using the Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways was performed to identify the significant poten-
tial molecular pathways in different WT groups [ 18]. Statistical sig-
nificance was defined as a nominal P value of <0.05 and an FDR of
<0.25. For gene sets that met the above criteria, cumulative effects
were analysed, and vice versa. Among different gene sets, the
adjusted normalized enrichment score (NES) was implemented
for analysis. Then, GSVA was performed to establish and validate
the activated signalling prognostic signature for WT. Diverse path-
way enrichment scores were generated by a cumulative density
function and Kolmogorov-Smirnov-like rank statistics.

2.4. Immune infiltration and immuno-/chemotherapeutic response
prediction

The response to immunotherapy was evaluated by the Tumor
Immune Dysfunction and Exclusion (TIDE) algorithm [19,20]. Addi-
tionally, a subclass analysis of 47 melanoma patients who under-
went anti-cytotoxic T lymphocyte-associated protein 4 (anti-
CTLA4) or anti-programmed death-1 (anti-PD1) therapies was per-
formed to compare the similarity of expression profile to WT in dif-
ferent risk groups, representing the potential response to
immunotherapy [21].

Additionally, we evaluated the response to chemotherapy for
each patient with a public pharmacogenomics database, the Geno-
mics of Drug Sensitivity in Cancer (GDSC) (https://www.cancerrx-
gene.org). Pazopanib, temsirolimus, and rapamycin, usually used
for treating renal cell carcinoma, were chosen for the evaluation.
Based on the GDSC data, the half-maximal inhibitory concentration
(ICsp) was evaluated to observe the sensitivity of chemotherapeu-
tics according to the “pRRophetic” package with 10-fold cross-
validation [22].

2.5. Antibodies used for IHC

Formalin-fixed and paraffin-embedded WT sliced samples were
collected from AHMU. CD14 (Anti-CD14 antibody, Cat. ab182032,
Abcam Inc., Massachusetts, USA) and CD163 (anti-CD163 antibody,
Cat. ab182422, Abcam Inc., Massachusetts, USA) were chosen to
reflect the infiltration of monocytes and macrophages [23-27].
The expression level of MMP9 was examined by anti-MMP9 anti-
body (bs-0397R, Bioss Inc, Beijing, China). COX1 (anti-COX1 anti-
body: ab109025, Abcam Inc., Massachusetts, USA) and COX4
(anti-COX4 antibody: ab202554, Abcam Inc., Massachusetts, USA)
were chosen to reflect the oxidative phosphorylation level. Follow-
ing the same procedures as have been reported previously [28,29],
positively stained cells were counted by Image] software (NIH,
Bethesda, USA) [30].
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2.6. Statistics

T-tests and Wilcoxon rank-sum tests were used for normally or
nonnormally distributed data, respectively, to compare the contin-
uous data from the two subtypes. Correlations between two con-
tinuous factors were conducted by the Pearson correlation test,
and distribution differences between subgroups and predicted
response to immunotherapy were analysed by the chi-square test.
Time and status Cox regression analysis was conducted to con-
struct the nomogram based on the “RMS” package, aiming to
establish a predictive signature. Patients were separated into
high-point (NomoH) and low-point (NomoL) groups for subse-
quent analysis via the points calculated by the nomogram. The dif-
ferentially expressed genes (DEGs) between the NomoH and
NomoL subgroups were selected by the “limma” package with
the cut-off value of P < 0.05, |log2-fold-change| > 1. To select the
calculation factors affecting prognosis and evaluate the predictive
value of our nomogram, Kaplan-Meier (K-M) survival analysis
based on overall survival (OS) was performed with the “survminer”
package. Three-year and five-year survival rates were chosen as
markers to judge the accuracy of our prediction model by calibra-
tion curve with the “RMS” package (bootstraps with 1000 resam-
ples), and the Hosmer-Lemeshow (H-L) test was applied to detect
the performance of fit for the nomogram. The receiver operating
characteristic (ROC) curve was generated by the pROC package to
assess the prediction ability, and the area under the curve (AUC)
was recorded. Statistical significance was considered a two-sided
P value <0.05. All analyses were completed by 3.6.5 R software
(https://www.r-project.org).

3. Results

3.1. Identification of prognostic subsets of TIICs and correlated clinical
indices for WT

The gene expression profile of 130 wt patients and 6 healthy
controls were analysed based on the CIBERSORT algorithm.
Detailed information on the CIBERSORT results for Wilms tumours
and controls is presented in Table S1, and Fig. 1A provides a sum-
mary of the proportions of TIICs. To reveal detailed information, we
compared the proportion of each type of TIIC among patients and
controls (Fig. 1B). In general, CD4" T cells, dendritic cells, neu-
trophils, NK cells, and regulatory T cells were highly present in nor-
mal tissues. The infiltrated macrophages were higher in WT tissues
than that in normal tissues (P < 0.05, Fig. 1B). We evaluated the
predicted value of 14 types of immunocytes via K-M survival anal-
ysis and revealed that the infiltration of monocytes played a pro-
tective role (Fig. 1C, P 0.011), while the infiltration of
macrophages was a risk factor (Fig. 1D, P = 0.013). The polarized
infiltration of other immunocytes did not lead to different OS out-
comes (Fig. S1). In addition, we also evaluated the predictive value
of several clinical characteristics and revealed that the age of the
patients (Fig. 1E, P = 0.75) and tumour histology (Fig. 1F,
P =0.67) did not impact the prognosis, but males had a poor prog-
nosis (Fig. 1G, P = 0.039), as did patients with advanced tumour
stages (Fig. TH, P = 0.00011).

Establishment and validation of a novel WT prognostic predic-
tion nomogram.

A prognostic nomogram was built after the implementation of
multivariable logistic regression analysis and is displayed in
Fig. 2A. Our nomogram estimating 3- and 5-year survival rates
for patients suffering from WT showed that the stage was the lar-
gest contributor to patient outcomes, followed by sex, monocytes,
and macrophages. The points calculation system overlaying analyt-
ical prognostic factors based on the nomogram was positively cor-
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related with the risk of death (Table S2, Fig. 2B). To compare the
prognostic value of the nomogram, we separated the patients into
two subgroups, and four subgroups along with the total points of
patients calculated via the nomogram, and all obtained the results
that the higher points, the poor OS (P < 0.0001, Fig. 2C). Thus, the
application of nomogram system can provide valuable information
in the prognostic prediction of WT. For further appraisal and eval-
uation, the accuracy of prognostic variables was evaluated by cal-
ibration analysis, the H-L test, and AUC value. Consistent H-L test
statistics results in both the predicted-probability of 3-year
(Fig. 2D, P = 0.760) and 5-year (Fig. 2E, P = 0.530) survival implied
good calibration suggesting good fitting of the model. By measur-
ing the AUC value, the results displayed favorable discrimination
of the nomogram with an AUC of 0.758 in 3-year survival rate
(Fig. 2F) and 0.741 in 5-year survival rate (Fig. 2G). We also com-
pared the prognositc value of the newly defined nomogram with
the clinical features of age, gender, tumor stage and histology type,
observed that the nomogram showing the best predict value than
others (Fig. 2H). To validate the prognostic point system, 7 patients
from AHMU were enrolled and divided into NomoH or NomoL
groups along with the nomogram-generated risk points. The clini-
copathological characteristics of the 7 wt patients are presented in
Table 1, and we separated the patients to high and low groups with
the median value of the total point. Patients in the high group
(n = 4) contained the points of 171.36; patients in the low group
(n=3) contained the points of 58.08 and 0. The IHC staining results
for each patient sample are shown in Fig. S2. We found that a
higher total point in WT was associated with a poor prognosis,
while a lower level indicated a more prolonged OS (Fig. 2I,
P = 0.1362). Some clinical parameters reported to be relevant to
prognosis (neutrophil to lymphocyte ratio (NLR), platelet to lym-
phocyte ratio (PLR) and systemic immune-inflammation index
(SI)) were derived from the clinical records, and the higher value
of these indices in the NomoH group demonstrated the clinical
usefulness of the generated nomogram (Fig. 2]).

3.2. Identification of key genes and signalling pathways associated
with WT prognosis

We first evaluated the DEGs and determined that MMP9
showed the most notable difference between the two subgroups
(Fig. 3A, Table S3), which was also verified in the violin plot with
distinctive upregulation in the NomoH subgroup (P = 0.007,
Fig. 3B). Meanwhile, a high level of MMP9 expression was related
to a worse survival probability (Fig. 3C, P = 0.041) and positively
correlated with macrophage infiltration (Fig. 3D, R 0.64,
P <0.001). To increase the credibility of our prediction, [HC staining
was conducted and confirmed an elevated MMP9 protein level in
the NomoH subgroup from the AHMU-WT cohort (Fig. 3E).

GSEA demonstrated that the most enriched hub genes in the
NomoH subgroup were closely related to the activated oxidative
phosphorylation pathway (NSE = 1.676, P = 0.036), followed by
the ribosome pathway (NSE = 1.643, P = 0.054) (Fig. 4A). Gene
expression data from patients in the NomoL subgroup were associ-
ated with the activated pathways of vasopressin-regulated water
reabsorption (NSE = 1.734, P = 0.002) and glycosaminoglycan
degradation (NSE = 1.732, P = 0.01) (Fig. 4B). Furthermore, GSVA
results indicated a similarly enriched oxidative phosphorylation
pathway in the NomoH subgroup and an activated glycolysis sig-
nalling pathway in the NomoL subgroup (Fig. 4C). To validate the
involvement of the activated oxidative phosphorylation pathway
in the NomoH subgroup, we evaluated the protein level of cyto-
chrome C oxidase submit 1/4 (COX1/4) in NomoH patient samples
from the AHMU-WT cohort and observed extremely increased pro-
tein levels of COX1 (Fig. 4D).


https://www.r-project.org

J. Meng, Y. Chen, X. Lu et al.

Computational and Structural Biotechnology Journal 20 (2022) 3399-3408

A 100%]
80%- |
k=
g oot [N i , |
o) i i " i
& I ! | “ : :
2 40% 1] L T, Hl i | LA f L
® i 1 I | iy !
& o || | | || | | || | || | | | | | | || I | ||
e AL Lt i b R
5 Beell © Follicular helper T cell ® Monocyte © Eosinophils I Normal
Plasma cell ' Regulatory T cells B Macrophage " Neutrophils B Tumor
CD8+ T cell ' Gamma delta T cell = Dendritic cell
CD4+ T cell © NKcell ® Mast cell
B ‘ Normal ﬁ Tumor
5 ns * ns * ns ns ns > ns ns * x> ns *
® 0.6
= o
c s .
P 0.4
5 ‘ : - L) °
S 0.2 - . ﬁ -8 . -
=] - - e
£ - i o o - _L * * -* =
£ 0.01 . —_—t s = _.=. == * — -L *é
N N N N o ) Y ' N @ < RS N )
@ A A & & A A N & Y & & * O
2 S s e & & $§ & < f§
g & o & K3 5 & S & & & S
¢ ) & v & ,,,t’ K4 < Q \,,§°
$ & S
S 45 @
Qa\\ ©
C D E
1.0 =k Monocytes High 1.0 =k Macrophages High 1.01
2 =~ Monocytes Low 2 =~ Macrophages Low >
g 0.81 % 0.81 -8 0.81
o) o) Q
o o o
o 0.6 2 0.61 o 0.61
© © ©
2 2 =
= 0.41 = 0.4 > 0.41
> s > = =
%) P=0.011 %) P=0.013 1) P=0.75
0.2 . . . . . . 0.21 . . . . . . 0.2 . . . . ] .
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
= Time (days) G Time (days) H Time (days)
10 < pawt _ 10] - Female 5. 0 == Stage I+
= == FHWT = == Male = == Stage llI+IV+V
% 0.8 % 0.81 -% 0.81
g 8 8
G.0.61 S.0.61 S.0.61
© © ©
2 = =
> 0.4 > 0.4 > 0.4
a P=0.67 @ P=0.039 a P =0.00011
0.2 N 0.21 0.21
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000

Time (days)

Time (days)

Time (days)

Fig. 1. Infiltration and prognostic value of immunocytes in WT. A, The overall distribution of immunocytes by CIBERSORT. B, Detailed distribution of different TIIC subtypes in
the normal and tumour groups. C-H, K-M survival curves based on markedly different distributed TIICs and correlated clinical characteristics for prognostic analysis.

3.3. Exploration of an effective therapeutic strategy for WT patients

An estimation of the potential reaction to immunotherapy was
implemented by the TIDE algorithm, and the outcomes suggested
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that patients in the NomoH subgroup were more likely to respond
to immunotherapy (P = 0.030, Fig. 5A). Meanwhile, the nomogram
risk points could also predict the response results of WT patients
with reasonable accuracy (AUC = 0.633, Fig. 5B). After conducting
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the submap analysis based on 47 melanoma patients who under-
went anti-CTLA4 or anti-PD1 therapies and matching the expres-
sion profile, we revealed that patients in the NomoH subgroup

were more likely to benefit from anti-PD1 therapy than those in
the NomoL subgroup (Bonferroni corrected P = 0.024, Fig. 5C).
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Table 1
Clinicopathological characteristics of Seven Wilms tumor patients.
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Patient ID Gender Age, Months Stage Metastasis* Status Time*, Monocyte Group Macrophage group Nomogram Points
Months
1,200,732 Female 36 11 No Alive 108 Low High 171.36
1,322,706 Female 12 111 No Dead 2 Low High 171.36
1,605,177 Female 24 Il No Dead 55 Low High 171.36
1,815,146 Female 36 11 No Dead 10 Low High 171.36
1,523,492 Male 36 11 No Alive 63 High Low 58.08
1,824,171 Female 12 I No Alive 25 High Low 0.00
1,831,478 Female 2 11 No Alive 24 High Low 0.00
*, Including metastasis to node, adrenal gland, and ureter; #, Overall survival time or follow-up time.
; 104 MMP9
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1
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1
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Fig. 3. MMP9 promotes the poor prognosis of WT patients. A, Volcano plot showing DEGs between the NomoH and NomoL subgroups. B, Differential expression of MMP9 in
the NomoH and NomoL subgroups. C, Survival curve showing the prognostic value of MMP9 expression. D, MMP9 expression was positively associated with macrophage
infiltration. E, Immunohistochemistry under different magnifications showing remarkably upregulated MMP9 in the NomoH subgroup.

There is an attractive clinical value of accurately predicting the
efficacy of pharmacotherapeutic management since it is an impor-
tant and costly way to reduce tumour size and maximize OS time,
but relatively low response rates are a limitation. After estimating
the precision of the ICsq for pazapanib, temsirolimus, and rapamy-
cin of each group by our predictive score model, dramatic differ-
ences were recognized among groups (Fig. 5D). Patients in the
NomoL subgroup seemed to better react to treatment with paza-
panib (P 0.017), temsirolimus (P 0.008) and rapamycin
(P =0.008).
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4. Discussion

Although the current OS rates for WT patients have been greatly
improved due to various therapies and systematic treatment
strategies, the toxicity and secondary cancerogenic effects origi-
nating from nonspecified targets remain issues to be resolved
[31]. TICs admixed with mesenchymal cells and extracellular
matrix are critical components relevant in the tumour microenvi-
ronment [32,33], and these cells could be promising candidates
for the diagnosis, prognosis, and identification of individualized
immunotherapy targets by altering tumour dissemination, metas-
tasis, relapse, and therapeutic response [34,35]. Previous research
has focused more on the presence and localization of specific TIICs
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qualitatively by detecting fewer specific targets and limited mark-
ers in the same patient samples [10-13], leading to repetitive com-
putation and finally encompassing a vision of the immune cell
landscape.

In our study, we analysed the gene expression profile and clin-
ical information from 130 wt patients and 6 healthy controls to
establish a methodology and quantified the tumour immune
milieu more comprehensively than previous studies. CD4" T cells,
dendritic cells, neutrophils, NK cells, and regulatory T cells were
highly present in normal tissues, while infiltrated macrophages
were more abundant in WT samples than in normal tissues. Our
results indicated that a lower level of infiltrated monocytes and a
higher level of macrophages were correlated with the poor progno-
sis of WT patients. TAMs, differentiated from monocytes, promote
malignant cell survival and proliferation while inhibiting cytotoxic
T cell activity [36-38]. The relationship between macrophage
recruitment and WT progression was first found by Liou et al.
[39]. Macrophages were regarded as the most predominant
immune-stained macrophages in the WT stroma, with an inflam-
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matory marker called cyclooxygenase-2 (COX-2) robustly
expressed. [14]| Recently, Tian et al. observed that TAMs were
recruited and located to the tumour stroma and polarized towards
proinflammatory classical activated macrophages (M1) or suppres-
sive alternatively activated (M2) macrophages. After analysing the
density and quantity of various macrophages with tumour stages,
patients with more M2 macrophages had an unfavourable progno-
sis with shorter OS time and higher mortality rates [40]. Fiore et al.
followed up this research and showed that the recruited M2 sub-
sets (MR, CD206) could blunt the production of IFN by NK cells
in different ways and weaken the function of NK activity by M2-
NK contact. In line with Tian et al.’s research, a lack of CD80 and
CCR7 polarization could also be found, indicating a decreasing
quantity of M1 along with the advanced stage. In this context, they
also validated that higher expression of ID4 could be used as an
indicator to evaluate clinical outcomes [41]. Our results are consis-
tent with those found in the monocyte-to-macrophage polariza-
tion process and WT tumour stages, which is why we included
monocytes and macrophages as prognostic prediction factors.
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In the second part of the study, we integrated multiple prognos-
tic factors, including the overall landscape of TIICs, to establish a
nomogram model and provide a precise and individualized predic-
tion of the 3- and 5-year OS. Previous research only focused on a
few single variables, such as tumour stage or histology, to judge
the prognosis and outcome of WT patients, which could inevitably
lead to deviation. To eliminate bias, we included sex, stage, mono-
cytes, and macrophages to calculate the final point value. It is
worth mentioning that patients’ sex was not considered a signifi-
cant prognostic factor due to the relatively equivalent distribution
in males and females in previous studies [1,42]. However, in our
research, sex was an independent factor that showed statistical
significance in the Cox regression analysis. According to previous
studies, different classifications of age led to different outcomes
due to the lack of shared criteria [42], whereas patient age was
not a statistically significant parameter in our study. Although
the H-L test and AUCs demonstrated satisfactory discriminative
performance in both the validation database and the patients
enrolled by us, the different roles sex and age played might be
selective bias based on data shapes provided by the TARGET-WT
project.

A higher point value calculated by the nomogram model we
developed was positively associated with a poor prognosis; how-
ever, the detailed mechanism between monocyte-to-macrophage
polarization, macrophage infiltration, and poor prognosis
remained unclear. Therefore, we evaluated the DEGs and potential
pathways, and then we investigated the results experimentally.
The findings suggested that a higher level of MMP9 expression
was relevant to a worse survival probability. It has been widely
confirmed that MMP9, mainly secreted by TAMs [43], has a direct
or indirect association with several tumour types, including WT
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[43-46]. Wang et al. showed that mono-2-ethyhexyl phthalate
could result in the migration and invasion of WT cells in vitro
through MMP2/9 and finally activate carcinoma progression via
the NF-kB pathway [45]. Jia et al. reported that curcumin could
downregulate MMP2/9 expression by inhibiting RECK methylation,
which blunted the tumorigenicity, invasion, and metastasis ability
of WT in vitro and in vivo [46]. Meanwhile, NLR, PLR and SII have
been extensively proven to have high value in the assessment as
prognostic biomarkers among different diseases [47-49], and our
study is the first to reveal that increased inflammatory factors have
predictive value among patients with severe WT. GSEA/GSVA
demonstrated that the most highly enriched hub genes were clo-
sely related to activated oxidative phosphorylation. As a vital part
of metabolism supporting high proliferation, the Warburg effect
serves as a fundamental metabolic approach to generate ATP in
tumour cells. The high activity of cytochrome C oxidase (COX),
which plays a central role in the regulation of the cellular metabo-
lism process, is now well established as a biomarker to detect
oxidative phosphorylation [50,51]. This is also the first study to
investigate the association between COX1/4 and WT, and our
results demonstrated a high level of metabolism due to a high
expression of COX1/4.

Our ultimate goal is to offer advantages to patients with exist-
ing therapies. Therefore, in the last part of our study, the ability
of our nomogram to evaluate the reaction to traditional
chemotherapeutics and immune therapies was estimated. Apart
from traditional chemotherapeutics, PD1/PDL1 and CTLA-4 therapy
are innovative applications for immunotherapy. Based on the suc-
cesses of antibodies targeting PD1/PDL1 and CTLA-4, immunother-
apies are now available in clinical application for the treatment of
patients with various tumours [52,53], despite resistance to novel
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blockers in some solid tumours. [54] Until now, the application of
those blockers in WT patients has not been reported. Since the best
potential therapy should be available for WT patients, considering
the lower-than-expected efficacy and safety, it is necessary to
develop biomarkers for predicting patients’ responses to these
therapies. Our analysis indicated the similarity of the expression
profile between WT in the NomoH subgroup and melanoma
patients responding to anti-PD1 therapy, indicating the potential
value of anti-PD1 therapy in WT. Additionally, patients in the
NomoL subgroup obtained lower predicted ICsq scores, reflecting
their response to chemotherapy and demonstrating the advantage
of our model in guiding clinical therapy strategies for different WT
patients.

At the same time, some limitations should also be addressed
and modified in future studies. First, the TARGET-WT cohort only
enrolled the relapsed FHWT cases, along with the DAWT cases,
therefore, that’s why we did not observed the device OS in these
two histology subtypes, further study with no-relapsed FHWT
cases is needed to validation the predict value of immunocytes in
WT. Second, the nomogram model was built upon the gene expres-
sion profile and clinical information from the TARGET-WT project
and validated by the 7 patients from AHMU-WT cohort. The selec-
tive bias based on data shapes might be caused by a limited num-
ber of samples, which suggests that more WT patients and
databases should be used to validate the effectiveness of our
model. Thrid, the comprehensive landscape of TIICs was con-
structed based on computational calculations, so more studies
should be carried out elucidating the potential mechanism by
which a lower level of infiltrated monocytes and a higher level of
macrophages are associated with the prognosis of WT. Forth, if
the nomogram model applied in the clinical, each institute need
to construct a baseline cohort to confirm the median cut-off value,
no matter used the IHC staining H-score, or the CIBERSORT results
from RNA-sequence, due to the impact of different methods, equip-
ment and population.

5. Conclusion

In summary, we first described a comprehensive TIIC landscape
in WT by applying the deconvolution algorithm of CIBERSORT and
demonstrated that a higher proportion of macrophages and lower
levels of monocytes were related to an unfavourable prognosis.
Based on what we have learned about the immune landscape, we
first established and validated a nomogram model to predict the
prognosis of WT cases containing both TIICs and some significant
clinical factors, and we also linked the activated oxidative phos-
phorylation pathway with a poor prognosis of WT patients.
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