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ABSTRACT:

Breast cancer represents a collection of pathologies with different molecular subtypes,
histopathology, risk factors, clinical behavior, and responses to treatment. “Basal-like” breast
cancers predominantly lack the receptors for estrogen and progesterone (ER/PR), lack amplification
of human epidermal growth factor receptor 2 (HER2) but account for 10-15% of all breast cancers,
are largely insensitive to targeted treatment and represent a disproportionate number of
metastatic cases and deaths. Analysis of interleukin (IL)-3 and the IL-3 receptor subunits
(IL-3RA+ CSF2RB) reveals elevated expression in predominantly the basal-like group. Further
analysis suggests that IL-3 itself, but not the IL-3 receptor subunits, associates with poor patient
outcome. Histology on patient-derived xenografts supports the notion that breast cancer cells are
a significant source of IL-3 that may promote disease progression. Taken together, these
observations suggest that IL.-3 may be a useful marker in solid tumors, particularly triple negative
breast cancer, and warrants further investigation into its contribution to disease pathogenesis.
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Introduction carcinomas and most express the hormone receptors
for estrogen (ER), progesterone (PR) or have enrich-
ment of HER2. In contrast, 10-15% of women carry
tumors of the basal-like subtype and ~70-80% of
these cancer cells do not express ER, PR or HER2
and are thus defined as triple-negative breast cancer
(TNBC) (Lehmann et al. 2011; Serlie et al. 2001).

These stratifications have defined predictive character-

Breast cancer is the most common cancer in females
(11.7% of total cases) representing 24.5% of all female
cancers diagnosed and contributes to the highest rate
of mortality amongst women (15.5%) (Sung et al.
2021). Although breast cancer is commonly referred
to as a single disease, it represents a collection of
pathologies with different molecular subtypes, histo-

pathology, risk factors, clinical behavior, and responses
to treatment (Morigi 2017; Pasha and Turner 2021).
Molecular subtyping of tumors has stratified breast
cancer into five main groups: luminal A, luminal B,
human epidermal growth factor receptor (HER2)
enriched, basal-like, and normal-like (Perou et al
2000; Serlie et al. 2001). Breast tumors of the luminal
subtypes (A or B) account for 70% of all mammary

istics and prognostic outcomes that also guide treat-
ment options. For example, the standard of care for
patients and HER2-amplified
tumours is endocrine therapy and anti-HER2 therapy
respectively (Pasha and Turner 2021). By contrast, the
TROP2 antibody drug conjugate and anti-PD-1/L1
immune checkpoint therapies have shown benefit to
some TNBC patients (Cortes et al. 2020; Pasha and

with  ER-positive
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Turner 2021; Schmid et al. 2018). TNBC is associated
with a disproportionate number of metastatic cases
and deaths associated with breast cancer (Liedtke
et al. 2008; Serlie et al. 2001). Clearly, a better under-
standing of the heterogeneity and pathogenesis of
TNBC is warranted to uncover opportunities for tar-
geted therapies and improved survival outcomes.

Interleukin-3 (IL-3) is a pluripotent cytokine
(largely the product of activated T cells (Hercus et al.
2017; Varricchi et al. 2021)) which signals through its
receptor (IL-3Ra:IL-3RP (IL3RA:CSF2RB)) to act on
immune and non-immune cells. An example of the
latter and highly relevant to breast cancer is the
demonstration that IL-3 increases endothelial cell
(EC) proliferation, migration, and the formation of
new blood vessels (Dentelli et al. 1999; Korpelainen
et al. 1996; Moldenhauer et al. 2015). In murine mod-
els of cancer, Brizzi et al have documented that IL-3
production by tumor-associated ECs (TECs) can
increase blood vessel formation in vivo (Dentelli et al.
2005), and, importantly, that IL-3Ra blockade inhibits
TEC release of pro-angiogenic extracellular vesicles
(Lombardo et al. 2018) to reshape the anti-tumor
immune response (Lopatina et al. 2022), and reduces
metastatic spread of TNBC cells (Lopatina et al.
2020), thus clearly implicating IL-3 and its receptor in
the pathogenesis of TNBC. Whether IL-3 is produced
by the breast cancer cells themselves has remained a
unanswered question.

In this study we compare the expression of IL-3
and its receptor components IL3RA and CSF2RB
across breast cancer subtypes and their relationship
with patient outcome. Immunohistochemistry is uti-
lized to detect IL-3 and the IL-3R protein in tumor
biopsies and patient-derived xenografts reveal whether
the cancer cells themselves produce IL-3 and express
the IL-3 receptors for a potential autocrine feed-
back loop.

Materials and methods
Ethics statement

The use of archived human breast cancer samples
stored as formalin fixed paraffin embedded (FFPE)
blocks was approved by the Human Research Ethics
Committees of the Royal Adelaide Hospital (RAH)
HREC/14/RAH/190. Animal experiments were
approved by the Animal Ethics Committee of the
Garvan Institute of Medical Research (ARA 21-10)
and conform to the guidelines established by the
“Australian Code of Practice for the Care and Use of
Animals for Scientific Purposes”

In silico analysis of human breast cancer survival

Survival analysis for breast cancer patients in
relation to gene expression for IL3RA, CSF2RB,
IL3, IL5 and CSF2 (GM-CSF) was assessed using
BreastMark; an algorithm designed to interrogate gene
expression data from ~17,000 genes and clinical data
from >4700 breast cancer samples; including luminal
A (n=1678), luminal B (n=1519), HER2 (n=423)
and basal-like (n=714) subtype (Madden et al. 2013).
Disease-free survival (DFS, survival without occur-
rence), distant disease-free survival (DDFS, survival
without metastasis) and overall survival (OS) were
chosen as survival end points. Dichotomization into
“high” and “low” expression is based on median gene
expression levels. When genes are combined, high
expression samples are characterized as those samples
with greater median expression of each of the genes
involved e.g. samples with greater than median expres-
sion levels of each of IL3, IL3RA and CSF2RB are
classed as “high” expression. Survival curves are based
on Kaplan-Meier estimates and the log-rank P-value
is shown. Hazard ratios were calculated by Cox-
regression analysis.

Immunohistochemistry of human tumors

Archived FFPE human breast cancer tissue sections
were obtained from SA Pathology following human
ethics approval and examined by immunohistochem-
istry (IHC). Similarly, human breast cancer tissue
microarrays (TMAs #BR1201 & #BR10010e) were
purchased (US Biomax, Rockville, MD, USA) and
examined by IHC.

All in vivo experiments, procedures and endpoints
were approved by the Garvan Institute of Medical
Research Animal Ethics Committee (protocol ARA
21-10). Patient-derived xenografts (PDXs) were estab-
lished using published methods (Johnson et al. 2016)
wherein 1lmm?® of human TNBC tumor pieces (har-
vested from primary (n=13), residual disease (n=4)
or metastatic (n=7) sites) were implanted into the
cleared 4™ mammary fat pads of 6-8week old female
NOD-SCID-IL2Ryc”’~  (NSG)  mice  (Australian
BioResources Pty Ltd, Perth, WA, AUS). Established
tumors were harvested and processed as FFPE with
4um tissue sections by IHC and scored for staining
intensity in a blinded manner.

FFPE tissue samples were dewaxed and antigen
retrieval performed using citrate buffer pH6.5 prior
to tissues being treated with 1% H,O, for 10min,
blocked with either 10% normal rabbit serum (NRS)
or 10% normal goat serum (NGS) in phosphate



buffered saline (PBS) for 1hour at room temperature
(RT). Primary antibodies (IL-3, mouse IgG,, clone
3B11, Genetex, cat#GTX84295, 1:50 dilution; IL-3Ra
(CD123), mouse IgG,, clone 32703, R&D Systems,
cat#¥MAB301, 15mg/ml; IL-3RB, mouse IgG,, clone
1C1, generated by Lopez laboratory, 15mg/ml; iso-
type control, IgG,, BD Pharmingen,
cat#555746, used at appropriately matched concen-
trations; GM-CSF (CSF2), mouse IgG,, clone
OTI1A3, Origene, cat#TA808006, 1:150 (6.6 mg/ml);
IL-5, rabbit polyclonal, (without antigen retrieval),
Origene, cat#PP1027P2, 1:500 (1 mg/ml); PECAM-1
(CD31) M-20, goat polyclonal, Santa Cruz, sc-1506,
1:1000) diluted in PBS with 3% serum and incubated
overnight at 4°C. Secondary biotin antibodies (Goat
anti-mouse, BD Pharmingen, cat#553999; rabbit
anti-goat, Abcam, cat#AB5753; mouse anti-rabbit,
BD Pharmingen, cat#550938, 1:500) were prepared
in PBS with 3% serum and samples were incubated
for 35min at RT. Elite ABC kit and the DAB kit
(cat#PK6-100 & SK-4100, Vectastain, Vector
Laboratories, Burlingame, CA, USA) were used as
per manufacturer’s instructions. Periodic Acid-Schiff
(PAS) staining was performed following manufactur-
er’s instructions (cat# 395B-1KT, Sigma Aldrich, St
Louis, Missouri, USA). Slides were then counter-

mouse

stained with hematoxylin (cat#S3309, DAKO,
Denmark) and imaged for brightfield using
NanoZoomer (Hamamatsu Photonics KK,
Hamamatsu, Japan) and for fluorescence using

Axioscan (Zeiss, Oberkochen, Germany). For IL-3,
IL-3Ra and IL-3Rp, a blinded semiquantitative scor-
ing system was employed whereby staining intensity
was tallied manually on a 0-3 scale (0=neg, 1=Ilow,
2=medium, 3 =high intensity). Only TNBC samples
on the TMAs were included in the analysis. For
tumor vasculature (and also blinded), CD31+ blood
vessels were quantified as a percentage of total tumor
area using Image] (National Institutes of Health)
software. Similarly, for quantification of VM, fluores-
cence emission from the PAS stain was detected in
the orange channel with images converted to TIFF
via the Zen software (Zeiss), split into RGB channels
and the red channel image converted into a black
and white 8-bit image. Using Image]J, the threshold
was adjusted to a value which accurately identified
the fluorescent PAS networks with the “dark back-
ground” option selected (i.e. min 20, max 200). The
tumor section was defined using a pentagon and the
“measure” tool was used to determine the % area
above the threshold. The final “VM score” represents
the mean fluorescence value per tumor section.
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Statistical analysis

For Kaplan-Meier estimates, the log-rank P-value is
shown with hazard ratios calculated by
Cox-regression analysis. Statistical analyses of THC
were performed using GraphPad Prism version
8.3.0 software (GraphPad, San Diego, CA, USA)
using an ordinary one-way ANOVA with multiple
comparisons, a paired t-test for patient matched
primary and lymph node metastases or a
Mann-Whitney test for unrelated sample compari-
sons. Results with p<0.05 were considered to be
statistically significant.

Results

Selective elevation of IL-3 in a subset of breast
cancer patients with poor survival outcome

To investigate the potential contribution of IL-3 and
the IL-3R in the pathogenesis of breast cancer, we uti-
lized the publicly available resource BreastMark. This
algorithm interrogates the expression of one or more
genes against survival outcomes via access to 26 pub-
licly available datasets which cover ~17,000 genes in
up to 4738 patient samples (Madden et al. 2013).
Notably, the survival end points included disease-free
survival (DFS, survival without occurrence), distant
disease-free survival (DDFS, survival without metasta-
sis) as well as overall survival (OS) (Madden et al.
2013). The swimmer plot in Figure 1A shows that for
all patients diagnosed with breast cancer, tumoral
IL3+IL3RA+CSF2RB levels that were above the median
values were associated with a significantly reduced
survival. Further separation into breast cancer sub-
types revealed that only patients with luminal A or
basal-like tumors experienced a significant reduction
in survival when there was high expression of
IL3+IL3RA + CSF2RB, and this was not evident for
patients with luminal B or HER2 enriched tumors
(Figure 1A).

We next evaluated if IL3 or its receptor compo-
nents (IL3RA + CSF2RB) were predictors of reduced
survival for patients with luminal A or basal-like
tumors. Elevated expression of IL3RA+CSF2RB did
not have an impact on survival for patients with
either luminal A or basal-like tumors. In contrast, ele-
vated expression of IL3 was associated with poor sur-
vival outcomes for patients with basal-like tumors, an
effect that was not observed in the luminal A tumors
(Figure 1B). Since CSF2RB of the IL-3 receptor is also
the receptor for IL-5 and GM-CSE, we investigated
their possible association with basal-like breast cancer
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Figure 1. IL-3, IL-3R, IL-5 and GM-CSF expression by human breast cancer subtypes. (A) Swimmer plots representing gene expres-
sion of IL3+IL3RA+CSF2RB combined in breast cancer patients as a whole or separated into the molecular subtypes (luminal A,
luminal B, HER2 enriched or basal-like) with number of patients, hazard ratio (HR) and the log-rank p value calculated by
Cox-regression analysis; p <0.05 considered significant. (B) Kaplan-Meier plots of the luminal A (Lum A, n=1678), or basal-like
subtype (n=714) of breast cancer patients for gene expression of either IL3RA+CSF2RB, IL3, IL5 or CSF2 with high (blue) versus
low (red) based on median expression levels, with HR and log-rank p value calculated by Cox-regression analysis; p <0.05 consid-
ered significant. (C) Representative IHC analysis of IgG, isotype control or antibodies targeting IL-3, IL-3Ra, IL-3RB, GM-CSF or IL-5
protein expression by human TNBC tumor tissue. DAB staining (brown) and hematoxylin counterstain (blue). White scale bar =
100um. Yellow scale bar = 50um.



outcomes, however, no significant association was
observed (Figure 1B). Taken together, these results
suggest that IL-3 is a predictor of poor survival for
patients with the basal-like breast cancer.

IL-3 and the IL-3R proteins are detectable in
tumor samples by immunohistochemistry

To determine whether IL3, IL3RA and CSF2RB are
translated into proteins, we performed immunohisto-
chemistry (IHC) on basal-like TNBC samples. Figure
1C shows serial sections of a representative TNBC
tumor with readily detectable protein for IL-3, IL-3Ra
and IL-3RP. The tumor tissue also stained positive for
GM-CSF, but not IL-5. In healthy breast tissue, IHC
revealed restricted expression of IL-3, IL-3Ra and
GM-CSF to ductal epithelial cells and very little to no
staining for IL-3Rp or IL-5 (Figure. S1A). Notably,
Supplementary Figure S1B confirmed antibody recog-
nition via positive control tissues.

To investigate an association between tumor size and
expression of IL-3, IL-3Ra or IL-3Rp, a tissue microar-
ray (TMA, #BR1201) with two cores from each of 41
TNBC patients was examined. These duplicate cores

GROWTH FACTORS . 5

represented tumors of various sizes (i.e., n=3 for
T1<2cm, n=32 for T2=2-5cm, n=3 for T3>5cm and
n=5 for T4=spread beyond primary tumor) and a
blinded scoring system wherein staining intensity was
tallied on a 0-3 scale (and averaged per patient),
revealed a range of expression levels for IL-3, IL-3Ra
and IL-3RP across different tumor samples (Figure 2A).
Data from a second TMA (#BR10010e, containing two
cores from 12 TNBC patient matched primary and
lymph node metastatic tumors) suggests that within a
given patient, the expression of IL-3/IL-3R can vary
slightly, but not significantly, between the primary and
metastatic tissue (Figure 2B, where the average score of
the two cores is presented per patient sample).
Interestingly, this small cohort of patients did reveal a
significant reduction in IL-3RpB expression in the meta-
static tumor; additional patient samples are required to
build confidence in this observation.

To confirm that IL-3 and its receptor subunits are
expressed on breast cancer cells and not closely asso-
ciated immune cells, we took advantage of the fact
that IL-3 has very low homology between mouse and
human (Manz 2007) and that the anti-IL-3 antibody
(clone 3B11) recognizes human IL-3 only. Here, we
investigated 24 different human TNBC patient-derived

Figure 2. Human TNBC TMAs - IL-3/IL-3R [HC scores —T1-T4, primary and metastases. (A) Representative IHC of IL-3, IL-3Ra and
IL-3RB protein expression by human TNBC TMA (#BR1201) across patients grouped in T1-4. DAB staining (brown) and hematoxylin
counterstain (blue). Staining intensity scored for IL-3 (blue), IL-3Ra (black) or IL-3RB (green) with results shown as scores averaged
from two cores for each of the 43 different tumor samples (T1 n=3, T2 n=32, T3 n=3, T4 n=5) mean+sem with statistical
analysis using one way ANOVA with multiple comparisons and p <0.05 considered significant. White scale bar = 100um. (B) TMA
(#BR10017e) staining intensity scored for IL-3 (blue), IL-3Ra (black) or IL-3RB (green) for patient matched primary (open symbols)
or metastasis sections (closed symbols). Results shown as scores averaged from two cores for each of the 12 different patient
samples that are linked by a solid line from the patient primary to metastatic tumor. A paired t-test was performed for the patient
matched primary and metastatic lesions with p <0.05 considered significant.
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Figure 3. Human TNBC PDXs — IL-3/IL-3R IHC scores — primary and metastasis. Representative IHC of IL-3, IL-3Ra and IL-3Rp pro-
tein expression by human TNBC PDXs. DAB staining (brown) and hematoxylin counterstain (blue). Staining intensity scored for
primary (n=13 tumors, open shapes) or residual disease/metastasis sections (n=11 tumors, closed shapes) with results shown as
individual scores for the 24 different tumors. A two-tailed Mann-Whitney test compared the primary and residual/metastatic
lesions with p<0.05 considered significant. Yellow scale bar = 50um.

xenografts (PDXs, 13 derived from primary tissue and
11 from residual disease or metastasis) passaged in
immune compromised NSG mice for IL-3 production
by breast cancers. Figure 3 shows IHC with detectable
IL-3 and the IL-3R subunits in human breast cancer
cells harvested from both primary tumors as well as
residual disease and metastases. Interestingly, while
these are samples from unrelated donor samples, this
small cohort suggests that there may be an increase in
IL-3Ra expression with disease progression. Increasing
sample sizes will be required to support this notion.
Given that the PDX tumors are in an immune cell free
environment, this provides direct evidence that IL-3
and its receptor subunits are expressed by TNBC cells.

Comparable expression of IL-3 and its receptor
subunits in healthy mammary ducts, DCIS and IDC

To address the unmet need to identify the ~40% of
patients with ductal carcinoma in situ (DCIS) who

will progress to invasive ductal carcinoma (IDC)
(Casasent, Edgerton, and Navin 2017), we investi-
gated whether IL-3, IL-3Ra or IL-3RB might serve
as a point for separation. Together with benign tis-
sue (obtained following reduction mammoplasty or
benign breast tissue with concurrent invasive carci-
noma) THC was used to compare expression levels
of IL-3, IL-3Ra and IL-3RpB across healthy, DCIS
and IDC tissue. Using the aforementioned scoring
system, Figure 4 shows that IL-3 and its receptor
components are expressed in the mammary ducts of
benign tissue as well as DCIS and IDC tumors.
Also shown in Figure 4, little/no protein was
detected in the stroma, however IL-3, IL-3Ra and
IL-3RB were all detected at similar levels in
both DCIS and IDC tissues. Notably, while no dif-
ference was observed between DCIS and IDC sam-
ples, further analysis is required to determine
whether IL-3-high DCIS tumors will progress to
invasive disease.
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Figure 4. Human breast tissue (benign, DCIS and IDC) - IL-3/IL-3R IHC scores — ducts, stroma, tumor tissue. Staining intensity scored
for IL-3 (blue), IL-3Ra (black) or IL-3RPB (green) with results shown for ducts, stroma and tumor in benign breast tissue (n=8, closed
circles), DCIS (n=18, closed squares) and IDC (n=17, closed triangles). Results shown as individual sample scores with mean+sem.
Statistical analysis using one way ANOVA with multiple comparisons with p<0.05 considered significant. N/A=not applicable.

Elevated expression of IL-3 does not correlate
with increased tumor vasculature

Finally, given the documented role for IL-3 in angio-
genesis (Dentelli et al. 1999; Korpelainen et al. 1996;
Moldenhauer et al. 2015), we examined whether levels
of IL-3 within IDC tumors could be an indicator of
tumor vasculature. To address this, we first separated
the 17 IDC samples into groups that scored either
neg/low (scores of 0-1), medium (score of 2) or rela-
tively high (score of 3) levels of IL-3 by IHC. Figure
5A shows that 35% (6 of 17) of the IDC samples are
negative, or low for IL-3 expression, 30% (5 of 17)
have medium expression and 35% (6 of 17) have
comparatively high expression of IL-3. Notable exclu-
sion from this scoring was IL-3 expression observed
within leukocytes distal to the tumor (Figure 5A, left
panel bottom image). Tumor vasculature was then
identified via IHC staining of CD31+ endothelial cells

and percent area positive for CD31 determined using
Image] software. Figure 5B shows (for this small
cohort of samples) that CD31+ tumor vasculature did
not significantly differ. With a documented role for
IL-3 to promote vasculogenic mimicry (VM) by can-
cer cells (Koni et al. 2022), we examined whether
IL-3 expression levels coincided with varied VM con-
tent in our patient cohort. To achieve this, Periodic
Acid-Schiff (PAS) reagent was used to stain basement
membrane structures (including those lining VM
channels) magenta and also generates an autofluores-
cence signal that can be quantified via ImageJ to indi-
cate VM networks in tumors (Tan et al. 2016). Figure
5C shows PAS-generated fluorescence images detected
in the red channel for two representative patient sam-
ples. Segregation of the VM scores into tumor groups
previously determined to express IL-3 at neg/low,
medium or high levels, suggest that increasing IL-3
supports increased VM content.
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Figure 5. Human IDC sections, IL-3 staining intensity and tumor vasculature. (A) Representative IHC analysis of IL-3 protein expression by
human IDC tumor tissue scored as blinded samples within an arbitrary 0-3 for negative-high DAB stain (brown) intensity with hematoxylin
counterstain (blue). Black scale bar = 250um. Right pie chart is the cumulative % scores for the neg/low, medium and high staining inten-
sity of the 17 patient samples. Orange framed insert shows IL-3-positive T cells and bottom right is the isotype control staining. (B)
Representative IHC analysis of CD31 staining of tumor vasculature in the aforementioned human IDC tumor samples previously scored 0-3
for negative-high IL-3 expression. Black scale bar = 250um. The bar graph shows ImageJ quantified % CD31+ area detected across the 11
patient samples and grouped for IL-3 expression levels (white bar=neg/low (n=3); light blue bar=medium (n=5) and dark blue bar=high
IL-3 (n=3)). High magnification images illustrate CD31+ endothelial cells. (C) Representative PAS-stained fluorescence images of the afore-
mentioned human IDC tumor samples previously scored 0-3 for negative-high IL-3 expression. The bar graph shows Image) quantified
mean VM score for n=11 patient samples grouped for IL-3 expression levels (white bar=neg/low (n=3); light blue bar=medium (n=5)
and dark blue bar=high IL-3 (n=3)). Statistical analysis using one way ANOVA with multiple comparisons, p<0.05 considered significant.



Discussion

While expression of cytokines and their receptors, such
as IL-3, has proven useful in the identification and
treatment of hematological malignancies (Laszlo et al.
2022), further stratification of breast cancer by cytokine
expression has been limited. Here we show that the
expression of IL-3 and the IL-3R  subunits
(IL-3+IL-3RA + CSF2RB) was selectively elevated in the
luminal A (HR 1.31, p<0.04) and basal (HR 1.43,
p<0.04) breast cancer subtypes. Further investigation
revealed that the IL-3 cytokine itself, rather than the
IL-3R subunits, was associated with poor patient sur-
vival in basal-like tumors. Immunohistochemistry of
human breast cancer biopsies and PDX samples
supports the notion that breast cancer cells produce
IL-3 and that it may be associated with disease pro-
gression. Building on this study, further investigation of
IL-3 within a larger cohort of TNBC (that will be
inherently heterogeneous) would benefit from an exten-
sion of our semiquantitative assessment of intensity
staining (scored as 0-3) to a broader dynamic range
such as H-score which includes intensity staining and
the percentage of IL-3 positive cells (scored as 0-300).

IL-3 is a strongly restricted cytokine with acti-
vated T lymphocytes (Thl, Th2, CD8+ and Tregs)
being the largest cellular source. However, IL-3 pro-
duction can also be observed in transformed cells to
potentially enhance cell viability and proliferation of
cancer cells (Vellenga et al. 1987). Progenitor cells
in acute myeloid leukemia overexpress the IL-3Ra
(Jin et al. 2009; Jordan et al. 2000), which has been
shown to provide a cell survival and proliferation
advantage in vitro and poor outcomes for patients
(Testa et al. 2002). Interestingly, IL-3 was recently
deemed a key factor in the spontaneous genesis and
subsequent maintenance of acute myeloid leukemic
cells (Bulaeva et al. 2020). Our study raises the pos-
sibility that the pathogenic role of IL-3 in cancer
may not be limited to leukemia but may also have
an oncogenic role in solid tumors, particularly
basal-like breast cancer. While initial IHC on patient
samples could not discern between cancer cell and
immune cell derived IL-3, the patient-derived xeno-
grafts established in immunocompromised mice,
combined with the use of a human specific anti-IL-3
antibody, provide some evidence that this immune
modulatory factor is cancer cell generated. The
interplay between this and other stromal cells is yet
to be fully elucidated. Of interest, tumor associated
leukocytes also produce IL-3 and thereby further
elevate local levels. This is exemplified by
myeloid-derived suppressor cells and Tregs (both of
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which are poor prognosis factors) that are elevated
in number in TNBC (Savas et al. 2018) and can
secrete IL-3 (Sharma et al. 2018).

With previous documentation that IL-3 is
pro-angiogenic (Dentelli et al. 1999; 2004; 2005; 2011;
Korpelainen et al. 1993; Moldenhauer et al. 2015),
Dentelli et al reported that, like ECs in normal healthy
vasculature, tumor-derived ECs (TECs) respond to IL-3
with increased cell survival and increased expression of
adhesion molecules E-selectin and intercellular adhe-
sion molecule-1 (Dentelli et al. 2011). In murine mod-
els of cancer, Brizzi and team have documented that
IL-3 promotes tumor vasculature in vivo (Dentelli et al.
2005), and that IL-3Ra blockade inhibits TEC release
of pro-angiogenic extracellular vesicles (Lombardo
et al. 2018) to reshape the anti-tumor immune response
(Lopatina et al. 2022) and reduce metastatic spread of
TNBC cells (Lopatina et al. 2020). In high grade breast
cancer lesions, IL-3-producing tumor infiltrating lym-
phocytes (CD25*CD4*CD5*) have a paracrine effect on
ECs and smooth muscle cells to support the stabiliza-
tion of tumor vasculature (Dentelli et al. 2004).
Although we did not detect a correlation between lev-
els of IL-3 and CD31+ tumor vasculature, we attribute
this to our small sample number rather than evidence
against the current literature. Interestingly, we observed
a correlation between PAS-stained basement membrane
structures (indicative of VM networks (Warso et al.
2001; Tan et al. 2022; Tan et al. 2016)) with increased
intra-tumoral IL-3. This supports a publication by the
Brizzi laboratory who reported that human TNBC cell
lines increase VM capability in response to IL-3 (in
vitro and in vivo) (Koni et al. 2022).

Precisely how IL-3, IL-3Ra and IL-3Rp are upreg-
ulated in breast cancer is yet to be determined, but
it is well documented that hypoxia-inducible factor
1 a-subunit (HIF1-a) is hyperactivated in TNBC
(Cancer Genome Atlas 2012; Mahara et al. 2016). A
link between hypoxia and IL-3 has not been for-
mally documented but our preliminary investigation
of the promoter regions of IL-3 and its receptors
reveals that all their promoters contain multiple HIF
response elements (HRE; GCGTG or ACGTG).
More specifically, two putative HREs exist within
1861bp of the IL-3 transcriptional start site; seven-
teen putative HREs within 11,027bp of the IL-3Ra
transcriptional start site, and three putative HREs
within 4926bp of the IL-3Rp transcriptional start
site. Investigating hypoxia and the tumor microenvi-
ronment may unveil the underlying molecular
mechanisms responsible for elevated IL-3/IL-3R
expression in breast cancer.
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The TNBC subtype of breast cancer is intrinsically a
diverse group of cancers and further subtyping may
identify new molecular-based therapies. To this end,
Lehmann and colleagues published a gene expression
meta-analysis of 587 TNBC cases and propose four
TNBC subtypes (Lehmann et al. 2011). Briefly, enriched
gene expression signatures clustered into (i) basal like
1 & basal like 2 (~35% of TNBC) that exhibit features
of enhanced cell cycle and DNA repair responses, (ii)
mesenchymal & mesenchymal stem-like (~25% of
TNBC) with enriched features of epithelial-to-mesen-
chymal transition and growth factor pathways, (iii)
immunomodulatory (~18% of TNBC) with elevated
immune cell signaling and processes, (iv) luminal
androgen receptor (~10% of TNBC) with features
linked to androgen receptor signaling and the remain-
ing ~10% of TNBC undefined (Lehmann et al. 2011).
Notably, “IL-3 pathway” was listed in the gene ontolo-
gies for the suggested immunomodulatory and mesen-
chymal stem-like subtypes, providing evidence that
IL-3 and its receptor expression may help stratify sub-
sets of TNBC. A link between IL-3 and features of
stemness by TNBC cells draws similarities to an in
vitro prostate cancer study wherein IL-3 promoted
expression of stemness factors SOX2 and CD44 in
addition to the drug resistance gene ABCG (Yu
et al. 2015).

These findings suggest that IL-3 mRNA and protein
levels are elevated in breast cancer subtypes, particularly
TNBC. With supporting literature by others that TNBC
cells express the IL-3 receptor (Koni et al. 2022), our
observation of IL-3 production by TNBC cells adds an
important component to our understanding of this
deadly disease. Further investigation could provide an
opportunity to consider a personalized treatment
approach for a subset of TNBC patients by, for example,
tumoral administration of an anti-IL-3 antibody. Targeting
the IL-3/IL-3R axis has already been achieved with
anti-IL-3R drugs such as Tagraxofusp-erzs (Elzonris®, a
recombinant fusion protein composed of human IL-3
fused to truncated diphtheria toxin payload (Frankel
et al. 2014)) demonstrating clinical responses in patients
with haematological malignancies (Pemmaraju et al.
2019; Syed 2019). Similarly, Talacotuzumab, a humanized
anti-IL-3Ra monoclonal antibody, has proven to be well
tolerated (He et al. 2015) and demonstrated some
response in patients with acute myeloid leukemia
(Montesinos et al. 2021).

In summary, this report provides the first direct
evidence that IL-3, rather than the receptor compo-
nents (IL-3RA + CSF2RB), is a predictor of poor
prognosis for basal-like TNBC patients. Histology
on patient-derived xenografts has revealed that the

cancer cells themselves produce IL-3 and express
IL-3 receptors for possible autocrine pro-tumorigenic
feedback loop. Histology has also shown that IL-3,
IL-3Ra and IL-3Rp are expressed in the ductal cells
of healthy breast tissue as well as the primary tumor
and metastatic tissue. Taken together, these prelimi-
nary findings suggest that IL-3 and its receptor may
be useful markers in solid tumors, particularly
TNBC, and warrant further investigation into their
contribution to disease pathogenesis.
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