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ARTICLE INFO ABSTRACT

Keywords: The Catabolism of tryptophan modulates the immunosuppressive microenvironment in tumors.
Cancer immunotherapy KYNU (Kynureninase) served as an enzyme involved in amino acid tryptophan catabolism
KYNU

through the kynurenine pathway. The molecular and clinical characteristics of KYNU remain
unclear, and the impact of KYNU on the immune response has not been reported until now. We
analyzed large-scale transcriptome data and related clinical information on 2994 breast cancer
patients to characterize KYNU’s role in breast cancer. There was a strong correlation between
KYNU expression and major molecular and clinical characteristics, and it was more likely to be
overexpressed in patients with higher malignancy subtypes. Inflammatory and immune responses
were strongly correlated with KYNU. KYNU was also associated with immune modulators at the
pan-cancer level, particularly its potential synergistic role with other immune checkpoints in
breast cancer. KYNU expression was linked to the malignancy grade of breast cancer and pre-
dicted poorer outcomes. Tryptophan catabolism might play an important role in modulating the
tumor immune microenvironment through KYNU. More significantly, KYNU might synergize with
CTLA4, PDL2, IDO1, and other immune checkpoints, contributing to the development of com-
bination cancer immunotherapy targeting KYNU and other checkpoints. As far as we are aware,
this is the biggest and most thorough study describing KYNU’s role in breast cancer.

Immune response
Inflammatory activity
Breast cancer

1. Introduction

Globally, breast cancer (BC) is the most common cancer type among women [1,2]. In the past few decades, BC treatment strategies
evolved rapidly, and including mature systemic therapies, surgery, chemotherapy, radiotherapy, endocrine therapy, and targeted
therapy, have improved survival [3]. In spite of variable therapeutic methods, BC remains the leading cause of cancer-related mortality
among females [1]. Many studies reported that catabolism of the amino acid tryptophan (Trp) was involved in regulating anti-tumor
immune response through the expression of the rate-limiting enzymes indoleamine 2,3-dioxygenase 1 (IDO1), IDO2, and tryptophan 2,
3-dioxygenase (TDO2) through Kynurenine Pathway (KP) [4,5,6,7]. The oxidation of Trp could be catalyzed by these enzymes and
converted by formamidases to Kynurenine (Kyn). Kynureninase (KYNU) is located on 2q22.2, encoding Kynurenine enzyme, which is a
pyridoxal-5'-phosphate (PLP)3-dependent enzyme [8]. KYNU could catalyze hydrolytic cleavage of L-kynurenine to L-alanine and
anthranilic acid [9]. As reported, Plasma Kyn concentrations and Kyn/Trp ratios are often elevated in advanced-stage cancer patients
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and are associated with poor outcomes [10]. Furthermore, Tumor microenvironment expression of IDO1 and TDO is associated with
immunosuppression [11,12]. As well as IDO1 and TDO2, KYNU is a key enzyme in the metabolism of Trp and Kyn and might be an
important cooperator of immune suppression.

It has been reported that KYNU is related to multiple diseases, including immune system diseases [13,14,15], central nervous
system diseases [16], psychiatric diseases [17], adrenal diseases [18], and variable types of cancers. There are several studies exploring
the relationship between KYNU expression and cancers. Some studies suggested KYNU is a cancer suppression gene. It was indicated
that KYNU expression was down-regulated in high aggressive osteosarcoma cell lines [19] and was negatively associated with survival
of lung adenocarcinoma [20]. However, some studies implied the opposite results in colon cancer and cutaneous squamous cell
carcinoma [21,22]. In breast cancer, recent studies reported that in AhR depletion BC cells, whose tumorigenic properties were
decreased, KYNU expression was downregulated [23]. Another study indicated KYNU could suppress BC cell proliferation, tumor
growth and development [24]. Another one indicated KYNU could upderpin CD44-promoted breast tumor cell invasion [25]. KYNU’s
specific expression pattern and potential impact on other immune cell populations, as well as immune modulators in BC, is unknown.

The present study systematically examined the potential role of KYNU in inducing immune responses and inflammatory activities,
as well as its possible relationship to immune modulators. Molecularly and clinically, this is the first integrative study to characterize
KYNU expression in breast cancer.

2. Materials and methods
2.1. Data

The TCGA dataset was downloaded using GDCRNATools (access date: January 16, 2022) [26]. After normalizing counts data using
TMM method in edgeR [27], the voom method in limma package was used to transform them [28]. In more than half of the samples,
genes with a cpm greater than 1 were retained. We collected standardized survival data from the TCGA Pan-Cancer Clinical Data
Resource (TCGA-CDR) [29]. An online database known as cBioPortal was used to download the METABRIC dataset, which contains a

Table 1
Association between KYNU mRNA expression and clinicopathologic characteristics in TCGA cohort.
Expression P-value
Total (n = 1090) KYNU high (n = 545) KYNU low (n = 545)

Age (years)
>55 517 (47.4%) 264 (48.4%) 253 (46.4%) 0.544
<55 573 (52.6%) 281 (51.6%) 292 (53.6%)

T stage
T1 279 (25.6%) 149 (27.3%) 130 (23.9%) 0.078
T2 631 (57.9%) 320 (58.7%) 311 (57.1%)
T3 137 (12.6%) 55 (10.1%) 82 (15.0%)
T4 40 (3.7%) 19 (3.5%) 21 (3.9%)
Unknown 3 (0.3%) 2 (0.4%) 1 (0.2%)

N stage
NO 514 (47.2%) 255 (46.8%) 259 (47.5%) 0.563
N1 360 (33.0%) 177 (32.5%) 183 (33.6%)
N2 120 (11.0%) 61 (11.2%) 59 (10.8%)
N3 76 (7.0%) 44 (8.1%) 32 (5.9%)
Unknown 20 (1.8%) 8 (1.5%) 12 (2.2%)

M stage
MO 907 (83.2%) 460 (84.4%) 447 (82.0%) 0.492
M1 22 (2.0%) 9 (1.7%) 13 (2.4%)
Unknown 161 (14.8%) 76 (13.9%) 85 (15.6%)

AJCC stage
I 181 (16.6%) 95 (17.4%) 86 (15.8%) 0.849
I 621 (57.0%) 309 (56.7%) 312 (57.2%)
il 250 (22.9%) 122 (22.4%) 128 (23.5%)
v 20 (1.8%) 9 (1.7%) 11 (2.0%)
Unknown 18 (1.7%) 10 (1.8%) 8 (1.5%)

ER status
Negative 236 (21.7%) 161 (29.5%) 75 (13.8%) <0.001
Positive 803 (73.7%) 357 (65.5%) 446 (81.8%)
Unknown 51 (4.7%) 27 (5.0%) 24 (4.4%)

PR status
Negative 343 (31.5%) 208 (38.2%) 135 (24.8%) <0.001
Positive 694 (63.7%) 310 (56.9%) 384 (70.5%)
Unknown 53 (4.9%) 27 (5.0%) 26 (4.8%)

HER2 status
Negative 895 (82.1%) 435 (79.8%) 460 (84.4%) <0.001
Positive 168 (15.4%) 104 (19.1%) 64 (11.7%)
Unknown 27 (2.5%) 6 (1.1%) 21 (3.9%)
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total of 1904 cases [30] (access date: January 20, 2022).

2.2. Bioinformatics analysis

The clusterProfiler package was used to analyze the Gene Ontology (GO) functional enrichment of genes associated with KYNU
[31]. Significant GO terms were those with an adjusted P-value lower than 0.05. The Immunology Database and Analysis Portal
(ImmPort) database (https://www.immport.org/home) was used to download genes related to immunity [32]. To estimate the
abundance of GO gene sets associated with immune functions and inflammation, gene set variation analysis (GSVA) was performed
[33,34]. TISIDB data (http://cis.hku.hk/TISIDB/) were used to investigate the correlation between KYNU and immune modulators at
pan-cancer levels [35], which is an integrated resource for interactions between tumors and the immune system. An analysis of
correlations between KYNU expression, metagenes, and T cell immune functions was conducted using Spearman coefficients.

2.3. Statistical analysis

In order to calculate the correlations between continuous variables, Spearman correlation analyses were performed. Pearson’s Chi-
squared test, Student t-test, or one-way ANOVA were used to assess differences between groups. We used the statistical software R
(version 3.6.0; http://www.r-project.org/) for all statistical tests. Other statistical calculations and graphs were carried out with the
help of several packages, including ggplot2 [36], pheatmap, pROC [37], circlize [38] and corrgram [39]. Statistics tests were con-
ducted with a two-sided P-value of less than 0.05 to indicate that the results were statistically significant.

3. Results
3.1. Breast cancer clinical and molecular characteristics associated with KYNU expression

To investigate the association between KYNU expression and clinical characteristics of breast cancer patients. Patients were divided
into low- and high-expression groups according to median cutoffs. Tables 1 and 2 show the association between KYNU expression and
clinical characteristics in both the TCGA and METABRIC cohorts. KYNU was associated with estrogen receptor (ER) status, progestogen
receptor (PR) status, HER2 status, age, AJCC stage and tumor grade. In the TCGA database, we further explored the expression pattern
of KYNU across several molecular and clinical characteristics (Fig. 1A). Accordingly, KYNU was enriched in triple-negative breast
cancer (TNBC) patients compared to non-TNBC patients, and it was upregulated in tumor tissues, ER-negative and PR-negative groups,
while downregulated in HER2-negavtive group. Importantly, in METABRIC database these results were also verified with the result

Table 2
Association between KYNU mRNA expression and clinicopathologic characteristics in METABRIC cohort.
Expression P-value
Total (n = 1904) KYNU high (n = 952) KYNU low (n = 952)

Age (years)
>55 952 (50.0%) 535 (56.2%) 417 (43.8%) <0.001
<55 952 (50.0%) 417 (43.8%) 535 (56.2%)

Tumor size
>2cm 592 (31.1%) 298 (31.3%) 294 (30.9%) 0.857
<2 cm 1292 (67.9%) 643 (67.5%) 649 (68.2%)
Unknown 20 (1.1%) 11 (1.2%) 9 (0.9%)

AJCC stage
0 4 (0.2%) 3(0.3%) 1(0.1%) 0.004
I 475 (24.9%) 217 (22.8%) 258 (27.1%)
I 800 (42.0%) 420 (44.1%) 380 (39.9%)
111 115 (6.0%) 71 (7.5%) 44 (4.6%)
v 9 (0.5%) 2 (0.2%) 7 (0.7%)
Unknown 501 (26.3%) 239 (25.1%) 262 (27.5%)

Tumor Grade
I 165 (8.7%) 55 (5.8%) 110 (11.6%) <0.001
I 740 (38.9%) 279 (29.3%) 461 (48.4%)
111 927 (48.7%) 588 (61.8%) 339 (35.6%)
Unknown 72 (3.8%) 30 (3.2%) 42 (4.4%)

ER status
Negative 445 (23.4%) 359 (37.7%) 86 (9.0%) <0.001
Positive 1459 (76.6%) 593 (62.3%) 866 (91.0%)

PR status
Negative 895 (47.0%) 558 (58.6%) 337 (35.4%) <0.001
Positive 1009 (53.0%) 394 (41.4%) 615 (64.6%)

HER2 status
Negative 1668 (87.6%) 771 (81.0%) 897 (94.2%) <0.001
Positive 236 (12.4%) 181 (19.0%) 55 (5.8%)
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Fig. 1. KYNU expression in different molecular subtypes and stage of transcriptional classification scheme in TCGA and METABRIC cohort. (*P <
0.05, **P < 0.01, ***P < 0.001, ***P < 0.0001).

that KYNU was enriched in TNBC group, ER-negative group, PR-negative group, and HER2-positive group (Fig. 1B). We observed
KYNU was also enriched in basal-like and HER2-enriched subtype and higher tumor grade (Fig. 1C and D). Also, these findings were
validated with independent microarray datasets from the GOBO database (n = 1881) [40], and a correlation analysis revealed a strong

correlation between KYNU expression and immune response gene module, suggesting KYNU might play an important role in immune
functions (Fig. 1).

3.2. KYNU was closely related to immune functions in breast cancer

To further investigate the potential biological role of KYNU in BC, according to Spearman correlation analysis, we identified 304
genes and 378 genes that were strongly correlated with KYNU in BC (|R|>0.4 and P < 0.05) by TCGA and METABRIC datasets,
respectively. Subsequently, the potential biological roles of KYNU were then determined using Gene Ontology (GO) functional
enrichment analyses. According to GO analyses, genes correlated with KYNU mainly belonged to biological processes related to im-
munity, especially in T cell related immune biological processes (Fig. 2A and B), which agrees with the results from the 1881-sample
microarray study mentioned above, Interestingly, when using increasing p-values to arrange gene functions, both the TCGA and the
METABRIC databases showed that genes relevant to KYNU are mostly involved in immune-related functions (Fig. 2A and B).

3.3. KYNU related immune responses

The Immunology Database and Analysis Portal (ImmPort) database was explored to further elucidate the potential role of KYNU in
the immune response in BC. A total of 4723 immunologically related genes were collected from ImmPort database. A profile of KYNU
and immune response was derived by finding the genes most strongly correlated with KYNU (Spearman |R| > 0.4, P < 0.05). We
discovered that KYNU positively correlated with 182 and 141 immunologically related genes in TCGA and METABRIC, respectively,
While only 0 and 21 genes related to immunology were negatively correlated with KYNU, respectively (Fig. 3A and B). In BC, KYNU is
positively correlated with most relevant immune responses, whereas it is negatively correlated with only a few immune responses.
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Fig. 2. KYNU was closely related to immune functions in breast cancer. Gene ontology analysis showed that KYNU was mainly involved in immune
response and inflammatory response in TCGA and METABRIC databases (A and B).

3.4. The relationship between KYNU and immune response

3.4.1. The relationship between checkpoint members and KYNU

The association between KYNU and other checkpoint members was assessed in order to further explore the potential synergistic
role of KYNU induced immune response in breast cancer. In both TCGA and METABRIC, we found strong correlations between KYNU
and other checkpoint members (Fig. 4A-D). KYNU was positively correlated with PDCD1LG2 (PDL2) (TCGA: r = 0.53; METABRIC: r =
0.334), CTLA4 (TCGA: r = 0.53; METABRIC: r = 0.334), IDO1 (TCGA: r = 0.5; METABRIC: r = 0.486), TIGIT (TCGA: r = 0.457;
METABRIC: r = 0.302), CD40 (TCGA: r = 0.397; METABRIC: r = 0.409), and other checkpoint members including CD48 (TCGA: r =
0.434; METABRIC: r = 0.457), CD86 (TCGA: r = 0.523; METABRIC: r = 0.481), ICOS (TCGA: r = 0.49; METABRIC: r = 0.444), IL2RA
(TCGA: r = 0.502; METABRIC: r = 0.417), TNFSF13B (TCGA: r = 0.493; METABRIC: r = 0.531).

3.4.2. The relationship between KYNU and T cell immunity

GSVA analysis was performed to clarify the relationship between KYNU expression and Tcell immune response in BC. A strong
positive correlation was found between KYNU and gene ontology related to immune responses of T cells (Fig. 5A). KYNU was positively
correlated with regulation of T cell activation, alpha-beta T cell activation, alpha-beta T cell differentiation, T-helper 1 type immune
response, T cell mediated cytotoxicity, and also T cell receptor signaling pathway. In addition, TCGA and METABRIC databases can be
used to mutually verify these results (Fig. 5A). These findings implicated KYNU might play an inhibitory role in T cell immunity in
breast tumor.
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Fig. 3. KYNU related immune responses. Most immune-related genes were positively correlated with KYNU expression in TCGA and METABRIC
databases, while a small number of genes were negatively associated (A and B).

3.4.3. The relationship between KYNU and inflammatory activities

To further revealed inflammatory activities related with KYNU, we defined a total of 104 genes derived from seven clusters as
metagenes through Gene Sets Variation Analysis (GSVA) [34]. Table S1 contains detailed gene lists for various types of inflammation
and immune response. As shown in Fig. 5B, LCK, HCK, MHC-I, MHC-1I, STAT1, and interferon showed positive correlations with KYNU,
but not IgG. There was the strongest correlation between KYNU and HCK metagenes among these seven clusters. Furthermore, these
findings can be validated in both TCGA and METABRIC cohorts independently. It was further confirmed that KYNU played an essential
role in immune and inflammatory functions in BC as a result of these findings.

3.5. KYNU predicts a worse outcome in breast cancer

The prognostic value of KYNU was further examined because of its strong relationship with T cell immune response in breast
cancer. Firstly, a total of 6243 breast cancer patients were analyzed using the KM-plotter database to determine if KYNU expression had
a prognostic value. High KYNU expression was associated with poorer overall survival (OS), relapse-free survival (RFS), and distant
metastasis-free survival (DMFS) (Fig. 6A-D). Secondly, both the TCGA and METABRIC datasets showed similar Kaplan-Meier curve
patterns (Fig. 6E and F). In summary, these results suggested that KYNU was a negative prognostic indicator of BC due to suppressive
effect on T-cell-related immune response.

4. Discussion

As far as we know, our study, which included a total of 2994 samples, is the largest and most comprehensive research that has
systematically investigated KYNU expression pattern, prognostic value, and the relationship between KYNU and immune infiltrates in
breast cancer (BC). BCs with higher grades and degrees of malignancy had higher KYNU expression. Furthermore, we found that
patients with higher KYNU expression had a shorter OS, RFS, and DMFS. However, our findings were contrary to the results of a
previous study, which was the only study we could find focusing on the relationship between KYNU and BC [24]. This study examined
KYNU expression by IHC in 137 primary breast cancer tissues and found that KYNU expression had a negative correlation with ER
expression, PR expression and tumor grade; this suggested KYNU was a tumor suppressor in BC. As we know, IHC examinations are
subjective visual interpretation; therefore, results can be affected by the experience of different pathologists, the quality of slides, and
staining. Our data came from large datasets of RNA sequencing with many more samples, so our findings may be more effective and
persuasive. Research about the relationship between aryl hydrocarbon receptor (AhR) depletion and expression of tumor-related genes
in breast cancer reflected that KYNU expression was positively correlated with tumorigenic properties and tumor malignancy, which
was consistent with our suggestions [23]. In addition, another study focusing on TDO2-AhR signaling provided evidence that KYNU
expression was higher in suspended TNBC cell lines and ER-negative breast cancer cell lines [41].

As expected, we found that in breast cancer KYNU expression was closely associated with immune-related biological processes,
especially T cell-related ones. Besides, KYNU was mainly positively correlated with genes relevant to immune responses in BC patients.
Moreover, KYNU was positively correlated with several immune checkpoint members, including CTLA4, PDCD1LG2, IDO1, CD40,
TIGIT, ICOS, CD86, IL2RA, CD48, and TNFSF13B. Numerous studies are focusing on the immunotherapy efficacy of targeting immune
checkpoints like CTLA-4, PD-1, and PD-L1 in breast cancer patients. CTLA4 is expressed by activated T cells and regulatory T cells
(Tregs). In 1995, CTLA4 was first reported as a negative regulator of T cell activation [42,43]. CTLA4 could inhibit T cell activation by
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Fig. 4. KYNU expression is correlated with immune checkpoint members in TCGA and METABRIC databases (A-D).

the combination ofCD80 (B7-1) and CD86 (B7-2) on antigen presenting cells (APCs) with greater affinity than CD28, which breaks the
co-stimulation necessary for T cell activation [44]. Besides, when bound to CTLA4 on Tregs, CD86 could be removed from the surface
of APCs and transferred to the Tregs to inhibit T cell activation [45]. Blocking both processes with CTLA4 blockers tends to be an
effective way to treat cancer. Currently, Anti-CTLA4 antibodies such as ipilimumab and tremelimumab are currently being used in
clinical trials in TNBC patients [46]. PD-L2 is an immune checkpoint receptor ligand encoded by PDCD1LG2 gene [47]. PD-L2 is
expressed on the surface of professional APCs, including DCs and macrophages, as well as CD4" and CD8" T cells [48-50]. As well as
PD-L1, PD-L2 could inhibit T cell receptor-mediated immune cell activation by engagement with PD1 [48], and play a crucial role in
immune tolerance and autoimmunity [51]. Anti-PD1 and anti-PD-L1 antibodies are being clinically tested in multiple cancers,
including BC. Although PD-L2 blockers are still under study, they are definitely a certain promising immunotherapeutic target. These
findings show that KYNU has the potential to be an important immunotherapy target.

Importantly, KYNU was significantly correlated withIDO1, the upstream enzyme of KYNU in the kynurenine pathway. A large
quantity of evidence supports the hypothesis that IDO1 contributes to immunosuppression. High IDO1 expression that catabolizes
tryptophan (Trp) to kynurenine could deplete tryptophan. Consequently, the mTORC1 and PKC signaling pathways inside effector T
cell would be inhibited, resulting in effector T cells suppression [52]. Furthermore, kynurenine, the metabolites of Trp through the
kynurenine pathway (KP), has the ability to stimulate Foxp3+ Tregs to suppress T cell immune activity [53]. In early-stage cancer
clinical trials, antibodies targeting IDO1 alone produced promising results, but a phase III trial did not produce positive results [54].
Hence, targeting IDO1 alone is not sufficient to combat tumor immune invasion. More importantly, in a previous study, it was found
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Interferon

that the KYNU expression pattern in BC was similar to IDO1 and TDO2 [55]. As derived from our data exploration, KYNU had a close
correlation with T cell-related immune functions and MHC-related modules, as well as several checkpoints related to T cell activities.
KYNU might modulate the tumor immune microenvironment through regulation of Trp catabolism, based on these studies.
Furthermore, KYNU might act synergistically with CTLA4, PDL2, IDO1, and other immune checkpoints, which supports the concept of
combining cancer immunotherapy by targeting KYNU along with other checkpoints. However, the precise molecular mechanism by
which KYNU regulates immune activity in tumors remains unknown. Studies looking deeper into these mechanisms are warranted and
necessary.
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