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Abbreviations:

DIF: double immunofluorescence

ESCC: esophageal squamous cell carcinoma
IHC: immunohistochemistry

IL: interleukin

MVD: microvessel density

SEM: mean of standard error

TNM: tumor/node/metastasis
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Abstract

Accumulating evidence suggests that interleukin (IL)-33 plays a critical role in regulating
angiogenesis and cancer progression. In this study, we characterized the pathological
importance of IL-33 deployed by tumor microvascular endothelial cells (ECs) in human
esophageal squamous cell carcinoma (ESCC). The expression of I1L-33 in microvascular ECs
in 80 cases of ESCC was examined with immunohistochemistry (IHC) and double
immunofluorescence. IHC results showed that strong IL-33-immunoreactivity (IR) in
microvessels, which were confirmed to be ECs by double immunofluorescence staining with
IL-33/CD31 antibodies. Moreover, high proliferative activity was shown in IL-33-positive ECs,
and the IL-33 functional receptor ST2 was expressed in microvascular ECs. Clinicopathological
analysis revealed that 1L-33-positive microvessel density (MVD) was positively correlated with
node involvement in patients with ESCC. A log rank test showed a highly significant inverse
correlation between the densities of IL-33-positive MVDs and overall survival rate, and patients
with higher IL-33-positive MVDs tended to have a lower survival rate (both p < 0.05).
Therefore, we concluded that IL-33 deployed by microvascular ECs correlates with advanced
pathological features and the long-term survival rate, which provides new insights into the
regulatory mechanisms of tumor angiogenesis in the tumor microenvironment and might serve

as a promising target in patients with ESCC.

Key words: Microvascular, Interleukin 33; Angiogenesis; Tumor, Esophagus
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Introduction

Enhanced formation of new blood vessels (angiogenesis) has been recognized to be a key
supportive factor for tumor cell proliferation and growth (Hida et al., 2018), whereas the
blockade of angiogenesis through the administration of antagonists can remarkably suppress
the tumor progression (Klein, 2018). Angiogenesis is regulated by proangiogenic factors and
inhibitors within the tumor microenvironment (De Palma et al., 2017). Cytokines, e.g.,
interleukin (IL)-8, IL-6, and IL-33, produced in the tumor microenvironment, have been
reported to stimulate tumor angiogenesis (Geindreau et al., 2022). Phenotypic analysis revealed
that these proangiogenic cytokines can be identified in a variety of cell types, e.g., tumor cells,
stromal cells, and immune cells, within the tumor microenvironment. Recently, several studies
have demonstrated that proangiogenic factors produced by the tumor-associated microvascular
niche play a critical role in the progression of cancers (Cao et al., 2014; Wang et al., 2018). We
and others have previously shown that proangiogenic cytokines, such as IL-8, IL-17 and IL-33,
are expressed in tumor-associated microvascular endothelial cells (ECs), suggesting that they
might serve as additional cellular sources for proangiogenic factors within the tumor
microenvironment and potentially participate in the self-regulation of tumor angiogenesis (Cao
etal., 2018; Cui et al., 2023; Cui et al., 2018; Hida et al., 2018; Jou et al., 2022; Li et al., 2003;
Li et al., 2020). More interestingly, functional receptors for these proangiogenic cytokines have
also been expressed in target microvascular ECs (Cui et al., 2015; Heidemann et al., 2003),
suggesting that a potential autocrine loop exists in tumor-associated microvascular ECs (Li et
al., 2005). Thus, it is important to investigate the role of proangiogenic cytokines deployed in
the tumor vascular niche in human tumors.

IL-33 is a novel contributing factor for the process of tumorigenesis, and increased expression
of IL-33 is observed in a variety of human cancers (Akimoto et al., 2016; Bergis et al., 2013;

Cui et al., 2015; He et al., 2017). Extensive evidence has suggested that one of the underlying
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mechanisms for IL-33 involvement tumor growth and progression is its potential proangiogenic
effect (Cao et al., 2018; Choi et al., 2009; Kuchler et al., 2008; Stojkovic et al., 2014), in which,
ST2 expressed in microvascular ECs is the main functional receptor and plays an essential role
(Choi et al., 2009; Milosavljevic et al., 2016). These findings led to us to hypothesize that
tumor-associated ECs could be an additional cellular source of 1L-33 and that EC-derived IL-
33 might significantly contribute to the process of angiogenesis and then to the progression and
prognosis of human cancers.

We therefore undertook the current study to characterize the expression of IL-33 in the
compartment of tumor-associated ECs and then evaluated its clinicopathological importance in
affecting tumor progression and prognosis in patients with esophageal squamous cell carcinoma

(ESCC).
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Materials & methods

Patients and specimens

Eighty surgically resected ESCC and twenty nontumor esophageal tissues were collected from
the paraffin tissue bank at the Department of Pathology, the Second Affiliated Hospital of
Zhengzhou University between 2006 and 2010. Twenty nontumor esophageal tissues taken far
from the ESCC tumor site served as controls. No patient received preoperative radiotherapy
and/or chemotherapy before surgery. Routine histological diagnosis was conducted in the
Department of Pathology. Patient information details are listed in Table 1. Informed consent
was obtained from all participating individuals in this study, and the study protocol conformed
to the ethical guidelines of the 1975 Declaration of Helsinki (6th revision, 2008) as reflected in
a priori approval by the Second Affiliated Hospital’s Ethics Committee of Zhengzhou
University.

Table 1. Clinical information of ESSC patients

N Gender TNM Lymph Node
Male/Female [ 1l 11l Positive Negative
ESCC 80 52/28 4 56 20 23 57
Control 20 13/7

Immunohistochemistry (IHC) to characterize IL-33-positive and CD31-positive tumor-
associated microvessels

IHC was performed with a Vectastain Elite ABC Kit (Vector Lab., Burlingame, CA, USA)
according to the manufacturer’s instructions and our published methods (Cui et al., 2015). The
following primary antibodies were used: goat anti-IL-33 polyclonal (Lot# YYZ0611111,
working dilution 1:100; R&D systems, Minneapolis, MN, USA) and CD31 monoclonal (Lot#
MO0823, purchased from Dako, Carpinteria, CA, USA) antibodies were incubated at 4 °C
overnight respectively, 3-amino-9-ethylcarbazole (AEC; Lot# SK-4200, Vector Laboratories,

Burlingame, CA, USA) was used as the chromogen, and slides were slightly counterstained
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with Mayer's hematoxylin. IL-33 immunoreactivity (IR) and CD31-IR located in tumor-

associated microvessels were observed and counted.

Clinicopathological and prognostic value of 1L-33-positive micovessel densities (MVDs)
in patients with ESCC

Since previous studies have revealed that the expression level of IL-33 is correlated with the
clinicopathological features in a variety of human cancers (Sun et al., 2011; Wang et al., 2016;
Zhang et al., 2012), we therefore analyzed the clinical implications of IL-33-IR positive MVDs
with clinicopathological variables of ESCC.

Overall survival data were available for forty-one patients with ESCC. Patients with ESCC
were divided into two high and low groups according to the median IL-33-positive MVD
values, and then, survival rates and differences in survival curves between ESCC patients with

high or low levels of IL-33-IR positive MVDs were determined.

Double immunofluorescence (DIF) staining

CD31 is a commonly used histological biomarker for the identification of microvascular ECs
in the tumor microenvironment (Miyata and Sakai, 2015). To confirm that the expression of IL-
33 and its functional receptor ST2 in microvessels was microvascular ECs, DIF staining with
IL-33 (Lot# Ab-11853, rabbit polyclonal antibody from Abcam, UK)/CD31 (Lot# M0823,
monoclonal antibodies purchased from Dako, Carpinteria, CA, USA, to label microvascular
ECs) antibodies according to the protocol described in our previous publications (Cui et al.,
2019). After sections were incubated with primary antibodies at 4°C overnight, IL-33-
immunoreactivity (IR) was developed with Texas red-conjugated secondary antibody

(Lot#705-076-147, Jackson ImmunoResarch Laboratories, West Grove, PA, USA), and CD31-
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IR was developed with fluorescein isothiocyanate (FITC)-conjugated secondary antibody (Lot#
1030-02, Jackson ImmunoResarch | aboratories).

Similarly, DIF staining with ST2/CD31 antibodies was performed. ST2-IR (labelled by rabbit
anti-ST2 polyclonal antibody, Lot# PA5-23316, working dilution 1:100; Thermo Scientific.,
Rockford, USA) was developed with FITC, and CD31-IR was developed with Cy3 (Jackson
ImmunoResarch Laboratories). Nuclear counterstaining was not applied.

To examine the proliferation of I1L-33-positive microvascular ECs, we stained ESCC sections
with 1L-33/Ki67 (Lot# 550609, 1:70; BD Pharmingen., San Jose, CA, USA) antibodies
according to the method described above. 1L-33-IR was developed with Texas red-conjugated
secondary antibody and Ki67-IR with FITC-conjugated secondary antibody in IL-33/Ki67 DIF.
To evaluate a possible autocrine regulatory pathway of 1L-33 (goat anti-IL-33 polyclonal
antibody)/ST2 (rabbit anti-ST2 polyclonal antibody) in microvessels, we performed DIF with
IL-33 with ST2 antibodies in ESCC sections according to the protocols describe above. I1L-33-
IR was developed with Texas red-conjugated secondary antibody and ST2-IR was developed
with FITC-conjugated secondary antibody.

All stained sections were observed and photographed with an LSM-700 confocal microscopy

(Carl Zeiss, Jena, Germany) under x200 medium-power fields (MPF).

Morphometric evaluation

IL-33-positive MVDs and CD31-positive MVDs in both the control and ESCC sections were
counted in well-oriented high-power fields (HPF) with abundant positive microvascular
distribution (hot points) under x400 magnification and average values of positive cells per slide

were used for statistical analysis.

Statistical analysis

[formaterte: Engelsk (USA)
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The data are presented as the mean + SEM (standard error of the mean) unless otherwise stated.
P values were evaluated by the Mann—-Whitney test and Kruskal-Wallis test. Kaplan—Meier
analysis was used to calculate survival rates and differences in survival curves in available
ESCC patients with high or low IL-33 MVDs. A P value < 0.05 was considered statistically

significant.
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Results

IL-33-IR was highly expressed in tumor-associated microvessels

IL-33-IR was observed in tumor cells, stromal cells and tumor-associated microvessels in
ESCC sections. Since the aim of this study is to evaluate the significance of IL-33-positive
MVDs, we focused on the expression of I1L-33-IR in tumor-associated microvessels in this
study.

As shown in Fig. 1, images revealed that the majority of tumor-associated microvessels in the
ESCC stroma were positive for IL-33-IR (arrow in Fig. 1B) compared with the nontumor
controls (Fig. 1A). Ratios of 1L-33-positive/CD31-positive MVDs/HPF were counted in both
control and ESCC sections, data present in Fig. 1C showed that the 1L-33-positive MVDs
accounted for approximately 60% of the total MV Ds labelled by CD31-IR in the ESCC stroma
and 48% in the control stroma (ESCC vs. control, P<0.05, obtained from the Mann—-Whitney
test). Because MVDs in ESCCs were significantly higher than those in controls, total I1L-33-
positive MVDs in the ESCC might much higher than that in the control. Further quantitative
data confirmed an increased density of I1L-33-IR-positive MVDs/HPF in the ESCC stroma
compared with the nontumor control (P<0.01, obtained from the Mann—Whitney test, refer to

Fig. 1D).

Tumor-associated microvessels positive for 1L-33 were CD31-positive DCs

The results in Fig. 2 show the colocalization of IL-33-IR (Fig. 2A) with CD31-labeled (Fig.
2B) vascular ECs in microvessls (merged image in Fig. 2C). This finding confirmed the
expression of 1L-33-IR in microvascular ECs. Similarly, ST2-IR (Fig. 2D) was observed in
CD31-labeled (Fig. 2E) vascular ECs (merged image in Fig. 2F). Interestingly, ST2-IR was
also observed in small arterioles (pink arrow in Fig. 2F). Further DIF with IL-33/SMA-alpha

(to label smooth muscle in the arteriole wall) and ST2/SMA-alpha antibodies confirmed that

10
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both IL-33- and ST2-IRs were expressed in small arterioles (refer to images in Supplementary
Figure 1).

To evaluate whether an autocrine pathway exists in tumor-associated microvessels, we
performed DIF with 1L-33/ST2 antibodies. Images showed that IL-33-IR (arrow in Fig. 3A)
was frequently colocalized with ST2-IR (arrow in Fig. 3B) in microvessels (merged image in

Fig. 3C) within the ESCC microenvironment (refer to Fig. 3).

Proliferation in 1L-33-IR positive ECs

As shown in Fig. 4, DIF images revealed that Ki67-IR (Fig. 4B) was observed in IL-33-IR
positive (Fig. 4A) ECs (merged image in Fig. 4C). Furthermore, enlarged images confirmed
that Ki67-IR was colocalized with, 1L-33-IR positive ECs in both ESCC (Fig. 4D-F) and control

sections (Fig. 4G-1).

IL-33-IR-positive MVDs are associated with clinicopathological variables and the survival
rate of patients with ESCC

Subsequently, we analyzed the clinical importance of IL-33-IR positive MVDs with clinical
pathological variables of ESCC.

The analysis revealed that IL-33-expressing MVDs were associated with node involvement
(node positive vs. node negative: 12.88+0.77 vs. 9.95+1.43, P<0.05. P value was obtained from
the Mann—Whitney test) but not with TNM stages (TNM | vs. TNM Il vs. TNM I11: 13.20+2.27
vs. 13.75+0.96 vs. 11.29+0.96, P>0.05. P value was obtained from the Kruskal-Wallis test).
Kaplan—Meier analysis indicated that 1L-33-IR-positive MVDs (Fig. 4) were associated with

the overall survival rate after surgery in forty-one patients with ESCC.

11
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Discussion

Angiogenesis, which refers to the proliferation and sprouting of existing blood vessels in the
tumor microenvironment, is crucial for tumor progression and metastasis. Previous studies have
demonstrated that IL-33 is potent proangiogenic factor and can significantly enhance the
process of angiogenesis (Choi et al., 2009; Fournie and Poupot, 2018; Zhang et al., 2017).
Histological evaluation of the cellular types in human tumors has revealed that IL-33 can be
expressed in a variety of cells including tumor cells, stromal cells and microvessels (Cui et al.,
2015), suggesting that IL-33 is produced from a mixed cellular source. Our current results
confirmed that 1L-33-IR is highly expressed in ESCC tumor-associated microvessels with a
high proliferative activity, and both 1L-33 and its functional receptor ST2 are coexpressed in
microvessels. Since tumor stroma has a higher density of microvascular vessels than normal
tissue, it is not stranger that quantitative data shows higher IL-33-positive MVDs in ESCC than
the nontumor tissue. Studies have revealed that the proangiogenic effect of IL-33 is possibly
through an autocrine/paracrine pathway in human tumors (Choi et al., 2009; Cui et al., 2015;
Kuchler et al., 2008; Milosavljevic et al., 2016), and current DIF images that showed a
colocalization of IL-33-IR with ST2-IR in ESCC microvessels suggesting a potential autocrine
mechanism. Further analysis revealed that increased I1L-33-IR positive MVDs are associated
with clinicopathological variables and overall survival rate in patients with ESCC. Our findings
suggest that tumor-associated microvascular ECs are an important cellular source of 1L-33 and
EC-derived IL-33 might contribute to the process of angiogenesis and ESCC progression and
prognosis. To the best of our knowledge, the current study is the first to examine the
clinicopathological value of EC-derived IL-33 in patients with ESCC.

Emerging evidence has suggested that EC-derived cytokines have diverse effects including
enhancing angiogenesis, stimulating tumor proliferation and converting tumor cells to stem-

like cells (Butler et al., 2010; Kim et al., 2018) and are involved in tumor progression, metastasis

12
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and chemotherapy resistance (Maishi and Hida, 2017; Poulos et al., 2014). In this study, we
showed that IL-33-IR was highly expressed in ESCC tumor-associated ECs in the ESCC
microenvironment. Since previous studies have demonstrated a strong stimulatory effect of IL-
33 on EC activation and angiogenesis (Cao et al., 2018; Choi et al., 2009; Choi et al., 2012;
Milosavljevic et al., 2016), our current data suggest that the contribution of EC-derived IL-33
to enhanced angiogenesis and high MVDs in human ESCCs should not be ignored.

To examine the proliferative activity of IL-33-IR positive ECs, we performed double
immunofluorescence staining with IL-33/Ki67 antibodies in ECSS sections. Images confirmed
that IL-33-IR-positive ECs were with a high proliferation index, which reflects enhanced
vascularization in the ESCC microenvironment.

Previous studies have shown that angiogenic activity correlates with clinicopathological
parameters and prognosis in certain types of tumors (Chen et al., 2014; Cheng et al., 2014; Des
Guetz et al., 2006; Kumagai et al., 2014; Uzzan et al., 2004), and MVD is associated with
prognosis in cancer patients (Chen et al., 2014; Cheng et al., 2014; Choi et al., 2006; Des Guetz
et al., 2006). We have therefore evaluated the clinicopathological and prognostic value of EC-
derived 1L-33 in patients with ESCC. Analysis demonstrated that I1L-33-positive MVD was
associated with node involvement. Moreover, Kaplan—Meier analysis revealed that the IL-33-
IR positive MVDs were correlated with the overall survival rate in ESCC, and ESCC patients
with higher IL-33-IR-positive MV Ds tended to have a shorter overall survival time after surgery
than those with lower IL-33-IR-positive MVDs. These data suggest that EC-derived IL-33
might be associated with the survival rate in patients with ESCCs after surgery.

Taken together with previous findings of 1L-33’s regulatory effect on angiogenesis (Choi et al.,
2009), our current interpretation of the data indicates that tumor-associated ECs are an
additional cellular source for IL-33 in the ESCC microenvironment, and IL-33-IR-positive

MV Ds were associated with the overall survival rate after surgery in patients with ESCC. Future

13



277  studies will be required to explore the pharmacotherapeutic value of targeting EC-derived IL-

278  33in this type of cancer in animal models.

14



279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

Declarations

Funding: This project was financially supported by the grant from the Innovation Scientists
and Technicians Troop Construction Projects of Henan Province (Program No.
CXTD20150009), China.

Conflicts of interest/Competing interests: The authors declare no competing interests.
Ethics approval: Ethical approval was obtained by the Local Ethic Committee of the Second
Affiliated Hospital of Zhengzhou University.

Consent to participate: Informed consent was obtained from human subjects.

Consent for publication: Not applicable

Availability of data and material: The data that support the findings of this study are available
from our hospital but restrictions apply to the availability of these data, which were used under
license for the current study, and so are not publicly available. Data are however available from
the authors upon reasonable request and with permission of our hospital.

Code availability: Not applicable.

Authors' contributions: GC designed the project, analyzed data, XL participated in the
immunohistochemistry and double immunofluorescence staining. JR and ZL did histological
diagnosis and reviewed the immunohistochemical staining slides; All authors wrote, read, and

approved the final manuscript.

15



297

298

299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344

References

Akimoto, M., et al., 2016. Interleukin-33 enhances programmed oncosis of ST2L-positive low-
metastatic cells in the tumour microenvironment of lung cancer. Cell Death Dis. 7,
e2057.

Bergis, D., et al., 2013. High Serum Levels of the Interleukin-33 Receptor Soluble ST2 as a
Negative Prognostic Factor in Hepatocellular Carcinoma. Transl Oncol. 6, 311-8.

Butler, J. M., et al., 2010. Instructive role of the vascular niche in promoting tumour growth
and tissue repair by angiocrine factors. Nat Rev Cancer. 10, 138-46.

Cao, K., etal., 2018. IL-33/ST2 plays a critical role in endothelial cell activation and microglia-
mediated neuroinflammation modulation. J Neuroinflammation. 15, 136.

Cao, Z., et al., 2014. Angiocrine factors deployed by tumor vascular niche induce B cell
lymphoma invasiveness and chemoresistance. Cancer Cell. 25, 350-65.

Chen, B., et al., 2014. The prognostic implications of microvascular density and lymphatic
vessel density in esophageal squamous cell carcinoma: Comparative analysis between
the traditional whole sections and the tissue microarray. Acta Histochem. 116, 646-53.

Cheng, S. H., et al., 2014. Prognostic role of microvessel density in patients with renal cell
carcinoma: a meta-analysis. Int J Clin Exp Pathol. 7, 5855-63.

Choi, J. Y., et al., 2006. Prognostic significance of vascular endothelial growth factor
expression and microvessel density in esophageal squamous cell carcinoma:
comparison with positron emission tomography. Ann Surg Oncol. 13, 1054-62.

Choi, Y. S., etal., 2009. Interleukin-33 induces angiogenesis and vascular permeability through
ST2/TRAF6-mediated endothelial nitric oxide production. Blood. 114, 3117-26.

Choi, Y. S., et al., 2012. Nuclear 1L-33 is a transcriptional regulator of NF-kappaB p65 and
induces endothelial cell activation. Biochem Biophys Res Commun. 421, 305-11.

Cui, G, etal., 2019. IL-33 in the tumor microenvironment is associated with the accumulation
of FoxP3-positive regulatory T cells in human esophageal carcinomas. Virchows Arch.
475, 579-586.

Cui, G., et al., 2023. Endothelial cells-directed angiogenesis in colorectal cancer: Interleukin as
the mediator and pharmacological target. Int Immunopharmacol. 114, 109525.

Cui, G,, etal., 2015. Dynamics of the IL-33/ST2 network in the progression of human colorectal
adenoma to sporadic colorectal cancer. Cancer Immunol Immunother. 64, 181-90.

Cui, G., et al., 2018. Contribution of IL-33 to the Pathogenesis of Colorectal Cancer. Front
Oncol. 8, 561.

De Palma, M., et al., 2017. Microenvironmental regulation of tumour angiogenesis. Nat Rev
Cancer. 17, 457-474.

Des Guetz, G., et al., 2006. Microvessel density and VEGF expression are prognostic factors in
colorectal cancer. Meta-analysis of the literature. Br J Cancer. 94, 1823-32.

Fournie, J. J., Poupot, M., 2018. The Pro-tumorigenic IL-33 Involved in Antitumor Immunity:
A Yin and Yang Cytokine. Front Immunol. 9, 2506.

Geindreau, M., et al., 2022. Role of Cytokines and Chemokines in Angiogenesis in a Tumor
Context. Cancers (Basel). 14.

He, Z., et al., 2017. Epithelial-derived IL-33 promotes intestinal tumorigenesis in Apc Min/+
mice. Sci Rep. 7, 5520.

Heidemann, J., et al., 2003. Angiogenic effects of interleukin 8 (CXCLS8) in human intestinal
microvascular endothelial cells are mediated by CXCR2. J Biol Chem. 278, 8508-15.

Hida, K., etal., 2018. Contribution of Tumor Endothelial Cells in Cancer Progression. Int J Mol
Sci. 19.

16



345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387

Jou, E., et al., 2022. Emerging roles for IL-25 and IL-33 in colorectal cancer tumorigenesis.
Front Immunol. 13, 981479.

Kim, J. K., et al., 2018. Conversion of glioma cells to glioma stem-like cells by angiocrine
factors. Biochem Biophys Res Commun. 496, 1013-1018.

Klein, D., 2018. The Tumor Vascular Endothelium as Decision Maker in Cancer Therapy. Front
Oncol. 8, 367.

Kuchler, A. M., et al., 2008. Nuclear interleukin-33 is generally expressed in resting
endothelium but rapidly lost upon angiogenic or proinflammatory activation. Am J
Pathol. 173, 1229-42.

Kumagai, Y., et al., 2014. Angiogenesis in superficial esophageal squamous cell carcinoma:
assessment of microvessel density based on immunostaining for CD34 and CD105. Jpn
J Clin Oncol. 44, 526-33.

Li, A, et al., 2003. IL-8 directly enhanced endothelial cell survival, proliferation, and matrix
metalloproteinases production and regulated angiogenesis. Journal of immunology. 170,
3369-76.

Li, A., et al., 2005. Autocrine role of interleukin-8 in induction of endothelial cell proliferation,
survival, migration and MMP-2 production and angiogenesis. Angiogenesis. 8, 63-71.

Li, J., etal., 2020. The Role of Interleukins in Colorectal Cancer. Int J Biol Sci. 16, 2323-2339.

Maishi, N., Hida, K., 2017. Tumor endothelial cells accelerate tumor metastasis. Cancer Sci.
108, 1921-1926.

Milosavljevic, M. Z., et al., 2016. Deletion of IL-33R attenuates VEGF expression and
enhances necrosis in mammary carcinoma. Oncotarget. 7, 18106-15.

Miyata, Y., Sakai, H., 2015. Reconsideration of the clinical and histopathological significance
of angiogenesis in prostate cancer: Usefulness and limitations of microvessel density
measurement. Int J Urol. 22, 806-15.

Poulos, M. G, et al., 2014. Activation of the vascular niche supports leukemic progression and
resistance to chemotherapy. Exp Hematol. 42, 976-986 e3.

Stojkovic, S., etal., 2014. Interleukin-33 induces urokinase in human endothelial cells--possible
impact on angiogenesis. J Thromb Haemost. 12, 948-57.

Sun, P., et al., 2011. Serum interleukin-33 levels in patients with gastric cancer. Dig Dis Sci.
56, 3596-601.

Uzzan, B, etal., 2004. Microvessel density as a prognostic factor in women with breast cancer:
a systematic review of the literature and meta-analysis. Cancer Res. 64, 2941-55.

Wang, C., et al., 2016. I1L-33 signaling fuels outgrowth and metastasis of human lung cancer.
Biochem Biophys Res Commun. 479, 461-468.

Wang, Q., et al., 2018. Vascular niche IL-6 induces alternative macrophage activation in
glioblastoma through HIF-2a. Nature Communications. 9, 559.

Zhang, P., et al., 2012. Detection of interleukin-33 in serum and carcinoma tissue from patients
with hepatocellular carcinoma and its clinical implications. J Int Med Res. 40, 1654-61.

Zhang, Y., etal., 2017. IL-33 promotes growth and liver metastasis of colorectal cancer in mice
by remodeling the tumor microenvironment and inducing angiogenesis. Mol Carcinog.
56, 272-287.

17



388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404

Legends
Figure 1 legend
Immunohistochemical examination of 1L-33 expressed in ESCC microvessels.

In nontumor esophageal tissues, 1L-33 immunoreactivity (IR) was observed in microvessels
(arrow in Fig. 1A). In ESCC tissues, intensive nuclear positive IL-33-IR was observed in most
microvessels (arrow in Fig. 1B).

The quantitative results of I1L-33-positive/CD31-positive MVVDs/HPF showed that the ratio of
IL-33/CD31 MVDs in ESCC sections (black bar) was slightly higher than that in control
sections (white bar) (refer to Fig. 1C, ESCC vs. control: 0.60 + 0.04 vs. 0.48 + 0.02, P<0.05).
Further quantitative results also showed significantly increased IL-33-1R-positive (black bar in
Fig. 1C) MVDs in the ESCC stroma compared to the controls (ESCC vs. control: 11.65 + 0.65
vs. 4.24 £ 0.93, P<0.01, refer to white bars in Fig. 1D).

(A&B: IHC, counterstained with hematoxylin, original magnification 400x. P values in Fig.
1C & D were from the Mann-Whitney test).
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Figure 2 legend
Double immunofluorescence staining to confirm that IL-33-IR and ST2-IR-positive cells
were CD31-positive ECs

Double immunofluorescence results revealed the colocalization of 1L-33-IR (red cells in Fig.
2A) with CD31-IR (green cells in Fig. 2B) in ESCC microvascular endothelial cells (merged
image Fig. 2C). Similarly, the colocalization of ST2-IR (green cells in Fig. 2D) with CD31-IR
(red cells in 2E) was observed in endothelial cells (merged image in Fig. 2F). Additionally,
ST2-IR was observed in blood vessels with thickened smooth muscle (pink arrow in Fig. 2F),
which had the morphology of a small arteriole.

(A-  F: Double immunofluorescence images, original magnification 200x; counterstaining

was not applied).
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420  Figure 3 legend

421  Double immunofluorescence staining with confocal microscopy to evaluate the 1L-33/St2
422  autocrine loop in ESCC microvessels

423  The results demonstrated that 1L-33-IR (red cells in Fig. 3A) was frequently colocalized with
424 St2-IR (green cells in Fig. 3B) in tumor-associated microvessels (merged image in Fig. 3C).
425  (A-C: Double immunofluorescence images, original magnification 200x; counterstaining was
426  not applied).

427
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Figure 4 legend
Double immunofluorescence staining evaluating the proliferative activity of 1L-33-IR-

positive ECs in the ESCC microenvironment

Double immunofluorescence results revealed that both IL-33-1R-positive (arrow in Fig. 4A)
ECs were positive for Ki67-IR (arrow in Fig. 4B) in the microvessels (merged images in Fig.
4C). Enlarged DIF images confirmed, the presence of Ki67-IR in both ESCC (Fig. 4D-F) and
control sections (Fig. 4G-I).

(A-1: Double immunofluorescence images, original magnification 200x; counterstaining was
not applied)
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439  Figure 5 legend

440 Kaplan—Meier curve of overall survival rate differences among ESCC patients with
441  different 1L-33-1R-positive MVDs

442

443  Kaplan—Meier analysis showed that the IL-33-IR positive MVD may predict the overall

444 survival in patients with ESCC, and ESCC patients with high IL-33 MVDs tended to have a
445  shorter survival rate after surgery than those with low I1L-33 MVDs (P=0.0056, obtained from
446  the log-rank test).

447

22



448  Figure 1 A&B

Control EsCC

449
450

451

23



Figure1 C

452

P<0.05

ESCC

I
N
Control

T T
o n

0.754
0.00

o o

(4dH) AW aAlisod
T€AD/EE-TI 40 uolrey

453
454

24



455  Fig. 1D
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458  Figure 2
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Figure 5
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Supplementary Figure 1

IL-33 in arteriole SMA-alpha in arteriole Merged image

s

SMA-alpha labelled smooth muscle

ST2 in arteriole SMA-alpha in arteriole Merged image

SMA-alpha labelled smooth muscle

Legend: Double immunofluorescent images showed that both IL-33-IR (red color in A) and
ST2-IR were observed in small arteriole with thicken smooth muscles (labelled by SMA-alpha
antibody, mouse-anti human monoclonal antibody from Dako Cor, Lot# M085, green color in
B & F), which suggested that both 1L-33 and ST2 were also expressed in small arterioles

(merged images in C & F).
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