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Abstract
Background: KRAS mutation accounts for 30-50% of human colorectal cancer (CRC). Due to paucity of
effective treatment options, KRAS mutant CRC is di�cult to treat in clinic. Metastasis is still the major
reason for the high mortality of KRAS mutant CRC, but the exact mechanism remains unclear. Here, we
report a novel role of Homeobox 7 (HOXA7) in promoting KRAS mutant CRC metastasis and probed
therapy strategies for these subpopulation patients.

Methods: The expression of HOXA7 was detected in human CRC cohort by immunohistochemistry. The
function of HOXA7 in KRAS mutant CRC metastasis was analyzed by cecum orthotopic model.

Results: The elevated expression of HOXA7 was positively correlated with lymph node metastasis, distant
metastasis, poorer tumor differentiation, higher TNM stage, and poor prognosis in CRC patients.
Furthermore, HOXA7 is an independent prognostic marker of KRAS mutant CRC patients (P<0.001), while
not for KRAS wild-type CRC patients (P=0.575). HOXA7 overexpression increased the metastasis ability of
KRAS mutant CT26 cell, and promoted the in�ltration of MDSCs at the same time. When MDSCs
in�ltration was depleted by CXCR2 inhibitor, it can markedly suppress the metastasis rate in CT26 cell.
The combination of CXCR2 inhibitor SB265610 and anti-programmed death-ligand 1 (anti-PD-L1) can
largely inhibit metastasis in KRAS mutant CRC.

Conclusions: HOXA7 overexpression upregulated CXCL1, which promoted MDSCs in�ltration. Interruption
of this loop might provide a promising treatment strategy for HOXA7-mediated KRAS mutant CRC
metastasis. 

Introduction
Colorectal cancer (CRC) ranks as the third most commonly diagnosed cancer and the second cause of
cancer mortality worldwide. The 5-year survival rate is only 12-14% in patients with metastatic CRC [1].
KRAS mutation accounts for 30-50% of human CRC, and its presence correlates positively with disease
aggressiveness and metastasis [2, 3]. Anti-EGFR antibodies, such as cetuximab or panitumumab, in
combination with chemotherapy are effective therapeutic approaches for metastatic CRC patients with
KRAS wild-type. However, the clinical e�cacy for KRAS mutant CRC patients is often poor due to the
intrinsic drug resistance by KRAS mutation [4]. In recent years, immunotherapy exhibited excellent
e�cacy for CRC, while it shows poor response for KRAS mutant CRC, emphasizing treatment of these
subpopulation patients remains a challenge. Recently, the combination of AMG510 and anti-PD-1
contributes durable anti-tumor response[5], which indicates that combination therapy may provide a
promising treatment option for KRAS mutant CRC subpopulations.

The Homeobox (HOX) family of transcription factors is known to play key roles in embryonic
development and regulates many aspects of cellular processes [6]. In recent years, mounting evidence
has showed that dysregulation of HOX gene facilities cancer initiation and progression through different
mechanism [7]. In mammals, HOX family comprises 39 proteins, which was classi�ed to four separate
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clusters (A, B, C and D). HOXA subfamily genes are critical regulators in cancer metastasis. Several
studies reported that HOXA7, a member of HOXA subfamily, function as an oncogene and contributes to
malignant behaviors in kinds of human cancer, including hepatocellular carcinoma [8], laryngeal
squamous cell cancer [9], ovarian cancer [10]. However, little is known about the role of HOXA7 in CRC
metastasis.

Immunosuppression observed during cancer development and progression is a result of the orchestration
of many cell types, including MDSCs. The accumulation of relatively immature and pathologically
activated MDSCs with potent immunosuppressive activity is common in tumors. Mounting data have
shown the accumulation of MDSCs, which induce local and possibly immunosuppression, is correlated
with tumor progression [11]. In addition, MDSCs can directly promote tumor cell survival, angiogenesis,
invasion and metastasis [12]. MSI-L CRC is more extensively in�ltrated by Tregs and MDSCs, while T cells
are signi�cantly reduced, which is considered to be the main reason for the poor e�cacy of immune
checkpoint blocking [13, 14]. Previous study had revealed that for KRAS mutant CRC and KRAS wild types
CRC, there is a signi�cant difference in in�ltration of immune cells and expression of immune-related
molecules. For example, KRAS mutant CRC displays the feature of reduced T helper 1 (Th1)-centric
coordinated immune response cluster, and reduced in�ltration of cytotoxic cells [15]. The MDSCs
in�ltration was signi�cantly increase, and depleted MDSCs can signi�cantly improve the e�cacy of anti-
PD-L1[16, 17]. Whereas the haptic ongenic signal in KRAS mutant CRC that drives MDSCs recruitment
and activation remains poorly understood.

Here, we demostrated that HOXA7 was upregulation and associated with poor prognosis in KRAS mutant
CRC. Ovexpression of HOXA7 promoted KRAS mutant CRC metastasis by upregulating CXCL1. The
administration of CXCR2 inhibitor SB265610 and anti-PD-L1 markedly suppressed HOXA7-mediated
KRAS mutant CRC metastasis.

Materials And Methods

Immunohistochemistry
This study was approved by the ethics the Committee of Shaanxi Provincial People’s Hospital, and
informed consent was written and based on the ethical guidelines of the 1975 Declaration of Helsinki. In
addition, the privacy rights of human subjects were always observed. CRC specimens and matched
adjacent tissues were used to construct a tissue microarray (Shanghai Biochip Co, Ltd. Shanghai, China).
The tissue microarray was stained for HOXA7 (Abcam, ab211521), CD11b (Abcam, ab6640)

CD8(Abcam, ab4055) expression. Immunohistochemistry was performed on 4-µm thick, routinely
processed para�n-embedded sections. Images were obtained under a light microscope (Olympus,
Japan) equipped with a DP70 digital camera.

Analyses were performed by two independent observers who were blinded to the clinical outcome. The
immunostaining intensity was scored on a scale of 0 to 3:0 (negative), 1 (weak), 2 (medium) or 3
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(strong). The percentage of positive cells was evaluated on a scale of 0 to 4: 0 (negative), 1 (1%-25%), 2
(26%-50%), 3 (51%-75%), or 4 (76%-100%). The �nal immuno-activity scores were calculated by
multiplying the above two scores, resulting an overall score which range from 0~12. Each case was
ultimately considered “negative” if the �nal score ranges from 0~3, and “positive” if the �nal score ranges
from 4~12.

Animal experiment
All the mice were male. Luciferase labeled mouse CRC cells (4.0×106) were injected into the cecal wall in
nude or BABL/C mice under anesthesia (10 for each group). We monitor the tumor formation and
metastasis weekly using the IVIS-100 Imaging System. At the 9 weeks, the mice were sacri�ced and the
livers and lungs were collected and underwent histological examination.

Statistical analysis
Statistics were calculated with SPSS software (version 20.0). P values were statistically analyzed by the
χ2 test for categorical variables and by Student’s test for quantitative data. The recurrence and survival
data were analyzed by the Kaplan-Meier method. Cox proportional hazards model was used for univariate
and multivariate analyses. Differences were considered statistically signi�cant when p < 0.05.

Results

Elevated HOXA7 is associated with poor prognosis in CRC
patients harboring KRAS mutation
To characterize the function of HOXA7 in CRC, we examined its mRNA expression in 20 normal colorectal
epithelial specimens, and 100 paired CRC and adjacent nontumor specimens. We found that the CRC
tissues displayed higher HOXA7 mRNA level than paired nontumor tissues and normal colorectal
epithelial specimens (Figure 1A, left). To determine the relationship of between HOXA7 expression with
KRAS mutation status, we performed KRAS mutation test and found 46% (46 of 100) of cases harboring
mutant KRAS. Notably, the HOXA7 mRNA level was signi�cantly higher in patients with KRAS mutation
than in patients with KRAS wild-type (Figure 1A, right). We then investigated the expression level of
HOXA7 in established human CRC cells, and found that HOXA7 expression was higher in KRAS mutant
CRC cell lines (SW620, HCT116, and Lovo) than in KRAS wild-type CRC cell lines (HT29, CaCo-2 and HCA-
7) (Figure 1B).

In order to evaluate the clinal signi�cance of HOXA7 in CRC patient survival and its relationship with
KRAS mutational status, we set out to pro�le the expression of HOXA7 using a tissue microarray
consisting of 362 CRC samples. The immunohistochemical images showed dramatically higher HOXA7
expression in KRAS mutant CRC tissues than in KRAS-wild CRC tissues (Figure 1C-D). The elevated
HOXA7 expression was positively correlated with tumor differentiation, lymph node metastasis, distant
metastasis, higher tumor nodule metastasis (TNM) stage and KRAS mutation (Table 1). Multivariate
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analysis indicated that overexpression of HOXA7 was an independent predictor for shorter overall
survival (Table 2). Strati�cation the cohort into KRAS mutant cases and KRAS wild-type cases revealed
that HOXA7 is an independent prognostic marker in KRAS mutant CRC (P<0.001, Supplementary Tale 1),
while not in KRAS wild-type CRC (P=0.575, Supplementary Tale 2). Furthermore, Kaplan-Meier curve
showed that patients with positive HOXA7 expression had reduced overall survival time compared to
these with negative HOXA7 expression. In addition, strati�cation analysis showed that HOXA7 expression
was associated with poor survival in KRAS mutant CRC patients, but not in those with wild-type KRAS
CRC patients (Figure 1E). All these works indicates that HOXA7 overexpression was a speci�cally
prognostic predictor in KRAS mutant CRC.
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Table 1
Correlation between HOXA7 expression and clinicopathological characteristics of CRC in cohorts of

human CRC issues
Clinicopathological variables Tumor HOXA7 expression P Value

  Negative (n=203) Positive (n=159)  

Age ≤50 26 28 0.203

  >50 177 131  

Gender female 88 73 0.626

  male 115 86  

Tumor size ≤5cm 90 64 0.435

  >5cm 113 95  

Tumor differentiation well or moderate 158 91 <0.001

  poor 45 68  

Tumor invasion T1-T3 161 116 0.157

  T4 69 103  

Lymph node metastasis absent 177 117 0.001

  present 22 17  

Distant metastasis absent 134 56 0.001

  present 69 103  

TNM stage I-II 131 59 <0.001

  III-IV 73 100  

KRAS status Wild 140 68 <0.001

  Mutation 63 91  
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Table 2
Univariate and multivariate analysis of factors associated with survival and recurrence in cohort of

human CRC (Overall Population)
Clinical Variables Univariate COX regression

analysis
Multivariate COX regression
analysis

HR (95% CI) P
value

HR (95% CI) P
value

Age (≤50 versus > 50) 1.065(0.750-
1.512)

0.726    

Gender (female vs male) 1.142 (0.885-686) 0.349    

Tumor size (≤5 cm vs >5 cm) 1.278(0.985-
1.658)

0.065    

Tumor differentiation (well/moderate
vs poor)

0.185 (0.141-
0.242)

<0.001 0.733 (0.522-
1.030)

0.073

Tumor invasion (I-II versus III) 0.234(0.262-
0.455)

<0.001 0.570 (0.420-
0.774)

<0.001

Lymph node metastasis (absent vs
present)

0.122(0.070-
0.132)

<0.001 0.560(0.313-
1.002)

0.051

Distant metastasis (absent vs
present)

0.155(0.114-
0.211)

<0.001 0.508(0.351-
0.737)

<0.001

TNM stage (I/II vs III/IV) 0.096(0.114-
0.211)

<0.001 0.232(0.131-
0.412)

<0.001

HOXA7 expression (negative vs
positive)

0.418(0.322-
0.541)

<0.001 0.724(0.552-
0.948)

0.019

Elevated expression of HOXA7 promotes KRAS mutant CRC
metastasis in immunocompetent mice
To understand the function of HOXA7 in KRAS mutant CRC cells, we evaluated the effect of HOXA7 on
cell invasion and migration in a loss of function experiments in vitro and in vivo. Knockdown of HOXA7
failed to suppress the invasion and migration ability of SW620 cells (Supplementary Figure1A).
Furthermore, knockdown of HOXA7 did not alter the metastasis rate of SW620 cells in orthotopic
transplantation tumor in nude mice (Supplementary Figure 1B-D). These results indicated that HOXA7
expression is not crucial for migration abilities of CRC in the immune-de�ciency nude mice.

In fact, CRC most commonly develop due to underlying chronic colon in�ammation and altered immune
response. Thus, we postulated that HOXA7 promoted CRC progression by changing the immune
microenvironment. We stably upregulated the HOXA7 expression by lentivirus in CT26 cell line, which
bears mutant KRAS. Western blot analyses showed that endogenous HOXA7 was overexpression in CT26
cells (Figure 2A). To further study the function of HOXA7 in KRAS mutant CRC metastasis, we performed
the cecum orthotopic tumor implantation experiment in BABL/C mice. It showed that HOXA7
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overexpression can increase the intensity of bioluminescent imaging signal (Figure 2B-C). Histological
analysis con�rmed that upregulated of HOXA7 can increase the liver and lung metastasis rate, as well as
its metastatic nodules’ number (Figure 2E-G). In addition, HOXA7 can shorten the overall survival of
BABL/C mice (Figure 2D). These results suggested that overexpression of HOXA7 is essential for KRAS
mutant CRC metastasis in immunocompetent mice.

HOXA7 promotes KRAS mutant CRC metastasis by
recruitment of MDSCs
To decipher the underling mechanisms by which HOXA7 signaling promotes KRAS mutant CRC
metastasis, we investigated the cellular immune response. The percentage of tumor in�ltrating immune
and in�ammatory cells were assessed by �ow cytometric analysis. The transplantation of CT26-HOXA7
cells signi�cantly increased MDSCs (marked by CD45+/CD11b/Gr1+) in�ltration, and decreased
accumulation of CD8+T cells (marked by CD45+/CD3+/CD8+) compared with CT26-control cell. In
contrast, the percentage of other immune cells, such as CD4+T cell, regulatory T(Treg) cells and TAMs
immune cells did not change signi�cantly (Figure 3A-B). In addition, IHC staining showed that MDSCs
in�ltration markedly elevated, while CD8+ T cells in�ltration decreased in CT26-HOXA7 tumors (Figure
3C). We further evaluated the expression of HOXA7, CD11b and CD8 in KRAS mutant CRC cohort.
Consistent with the above results, IHC staining revealed that HOXA7 expression positively associated with
CD11b upregulation, while negatively associated with CD8 expression in KRAS mutant CRC patients
(Figure 3E).

 

HOXA7 overexpression induces MDSCs chemotaxis
through HOXA7-CXCL1 in KRAS mutant CRC
To study the underlying mechanism of CRC recruit MDSCs, we selected the KRAS mutant SW620 CRC cell
lines with high expression of HOXA7 and constructed SW620-shHOXA7 stable cell lines by lentivirus. We
compared transcriptome changes in SW620-shHOXA7 and SW620-shcontrol cells using a Affymetrix
PrimeView Human Gene Expression Array. Downregulation of HOXA7 reduced the expression of several
metastasis-related genes, such as CXCL1, OPN and CXCR2 (Supplementary Table S3). Considering the
important role of CXCL1 in cancer progression, we focused on CXCL1 for further study. CXCL1 interacts
with its receptor CXCR2 to recruit MDSCs [18, 19]. Previous studies indicated that tumor cell-derived
CXCL1 promotes the recruitment and in�ltration of MDSCs to the tumor site and facilitates CRC
metastasis [11]. We hypothesized whether HOXA7 promoting MDSCs in�ltration by upregulating CXCL1.

Real time assay showed that downregulation of HOXA7 markedly reduced CXCL1 expression in SW620
and HCT116 cell (Figure 4A). It has been reported CXCL1 can regulate the accumulation of MDSCs. To
study the function of HOXA7 in CRC metastasis, we downregulated CXCL1 in CT26 cell by lentivirus and
generated the cecum orthotopic tumor implantation model in immune competent BABL/C mice. In vivo
study showed that CXCL1 knockdown can signi�cantly reduce lung and liver metastasis, while prolonged
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the survival of CT26-HOXA7 group compared to the control group (Figure 4B-E). Moreover, IHC staining
and Flowcytometric analysis exhibited that knockdown of CXCL1 expression in CT26-HOXA7 cell can
signi�cantly reduce the in�ltration rate of MDSCs, while increase the CD8+ T cells in�ltration compared
with control (Figure 4E-F). Taken together, these results showed that HOXA7 promote KRAS mutant CRC
metastasis and MDSCs chemotaxis through HOXA7-CXCL1 axis.

Depletion of MDSCs decreases HOXA7-mediated KRAS
mutant CRC metastasis
Enrichment of MDSCs in CT26-HOXA7 cells orthotopic transplantation tumors prompted us to study the
speci�c role of MDSCs in HOXA7-mediated KRAS mutant CRC metastasis. We depleted the MDSCs by
neutralizing monoclonal antibody (clone RB6-8C5), a well characterized anti-Gr1[20]. In vivo metastasis
assay showed that HOXA7 upregulation promoted lung and liver metastasis and reduced survival time of
BABL/C mice. Anti-Gr1 decreased the incidence of lung and liver metastasis burden and prolonged overall
survival time in CT26-HOXA7 cells group (Figure 5A-E). Together, these results strongly support the view
that MDSCs played a pivotal role in HOXA7-mediated KRAS mutant CRC metastasis. 

Combined application of CXCR2 inhibitor SB265610 and
anti-PD-L1 dramatically blocks HOXA7-mediated KRAS
mutant CRC metastasis
It was reported that depletion of MDSCs showed synergistic effect with anti-PD-L1 in CRC [21, 22].
Previous studies reported that SB265610, a speci�c CXCR2 inhibitor, can inhibit the recruitment and
in�ltration of MDSCs and TAMs in CRC [16], We wondered whether SB265610 can enhance CRC response
to anti-PD-L1 blockade in KRAS mutant CRC. In vivo metastatic assay demonstrated that SB265610 or
anti-PD-L1 treatment alone can partially impaired the lung and liver metastasis rate and metastatic
nodules, with prolonged the overall survival time of mice in CT26-HOXA7 group. Whereas combination of
SB265610 and anti-PD-L1 signi�cantly decreased the lung and liver metastasis rate and metastatic
nodules, with largely prolonged survival time as compared to SB265610 or anti-PD-L1 alone (Figure 6A-
E).

To investigate the underlying mechanism of the antitumor response triggered by the combination
SB265610 and anti-PD-L1 antibody, we examined the in�ltration of MDSCs and CD8+T cells in CT26-
HOXA7 orthotopic CRC tumors. IHC staining showed a signi�cantly decreased MDSCs in�ltration and
increased CD8+ T cell in�ltration T cell in the combination treatment group (Figure 6F). These results
indicated that double blockade of PD-L1 and SB265610 improved antitumor response and inhibited
HOXA7-mediated KRAS mutant CRC metastasis.

Discussion
Despite compelling evidences supporting a role of mutant KRAS in CRC progression, intensive efforts
have failed to identify effective molecular targets for this subset of CRC. A better understanding of the
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oncogenic genes may help to acquire knowledge of molecular mechanism in KRAS mutant CRC
metastasis and exploit more potent combination-based therapies [16]. In the present study, we found that
HOXA7 was overexpression in CRC and high levels of HOXA7 were positively associated with a higher
metastasis rate, a more aggressive tumor phenotype and shorter overall survival. In addition, HOXA7
overexpression was independent poor prognostic factor in KRAS mutant CRC, but not in those with wild-
type KRAS. Furthermore, HOXA7 promoted KRAS mutant CRC metastasis in immune-competent mice.
These results demonstrated the importance of HOXA7 in promoting KRAS mutant CRC metastasis.

Immune invasion is one of the major hallmarks of cancers [23], often accomplished by expansion of PD-
1/PD-L1 axis or the in�ltration of immunosuppressive cells such as MDSCs[24, 25]. MDSCs represent the
universal immunosuppressive population in many pathologic conditions including cancer [26].
Accumulating evidence in recent years has even highlighted the expansion of MDSCs in human CRC as a
major barrier to antitumor immunity and escape immune surveillance [27]. More importantly, MDSCs can
in turn suppress CD8+ T cell cytotoxicity. In this study, we demonstrated that HOXA7 overexpression
leads to immune suppression in KRAS mutant CRC via the chemotaxis of MDSCs. In vivo study showed
that pharmacological depletion of MDSCs with anti-Gr1 can inhibit HOXA7-medicated KRAS mutant CRC
metastasis. These �ndings support the view that depletion of MDSCs treatment can suppress KRAS-
mutant CRC metastasis.

AMG510, an inhibitor of KRASG12C, showed lasting antitumor response in immunocompetent mice, but its
antitumor effect is weak in immunode�cient mice, indicating that T cells are necessary for AMG510 to
play its role. The combination of AMG510 and anti-PD-1can increase the in�ltration of CD8+ T cells and
produce durable anti-tumor response [5]. These studies have laid the foundation for the combination of
KRAS inhibitors and immunotherapy, but KRASG12C is a rare type in CRC, accounting for only about 3% of
all mutations. Most patients with KRAS mutations in CRC cannot bene�t from this combination therapy.
Therefore, it has become urgent need to investigate the combinate strategies to enhance treatment
e�cacy for KRAS-mutant CRC. In particular, the combination of anti-PD-1/anti-PD-L1 with anti-CTLA4
agents, locoregional therapies or VEGF/VEGFR inhibitors synergistically enhances antitumor immunity
[28-30], indicating that antitumor agents which can activate tumor immunity, combinate with anti-PD-
1/anti-PD-L1 may show promising results. Our in vivo data indicated that combined treatment of
SB265610 with anti-PD-L1 can dramatically inhibited HOXA7-mediated KRAS mutant CRC metastasis
compared with control or single agent alone. In addition, the combination treatment signi�cantly inhibited
MDSCs cells recruitment and increased the in�ltration of CD8+ T cells. These results provided a new
combinational treatment strategy to inhibit HOXA7-induced KRAS mutant CRC metastasis.

In summary, we demonstrated that HOXA7 overexpression upregulated CXCL1 expression, which
facilitated the recruitment and in�ltration of MDSCs to KRAS mutant CRC tumor niche. Combined
targeting CXCL1 and an-PD-L1 largely suppressed HOXA7-mediated KRAS mutant CRC metastasis. Our
works indicated that HOXA7 was a potential prognostic biomarker for KRAS mutant CRC, and targeting
the oncogenic loop may provide a promising therapy strategy for HOXA7-mediated KRAS mutant CRC
metastasis.
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Abbreviations
CRC
Colorectal cancer
HOXA7
homeobox A7
HE
hematoxylin and eosin
IHC
immunohistochemistry
BLI
bioluminescent imaging
CXCL12
chemokine (C-X-C motif) ligand 12.
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Figure 1

Elevated HOXA7 is associated with poor prognosis in KRAS mutant CRC. (A). Relative HOXA7 mRNA
expression in 20 normal colon tissues and 100 paired CRC and adjacent nontumorous tissues (left).
Relative HOXA7 mRNA expression in CRC tissues with KRAS wild-type or KRAS mutation (right); (B).
Western blotting analysis of HOXA7 expression in KRAS mutant CRC cell lines (SW620, HCT116 and
LOVO) and KRAS wild-type CRC cell lines (HT29, Caco-2, HCA-7). (C-D). Representative images of IHC
staining and correlation analysis of HOXA7 expression and KRAS mutant status in CRC. (E). Kaplan-Meier
analysis of the correlation of HOXA7 expression with overall survival in human CRC cohort with KRAS
mutant or KRAS wild-type.
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Figure 2

HOXA7 upregulation promotes KRAS mutant CRC metastasis in immunocompetent mice. (A) . Western
blot analyzes HOXA7 expression. (B) . In vivo assays showed that HOXA7 overexpression can promote
KRAS mutant CRC metastasis. Bioluminescent images (B). Bioluminescent signals (C). Overall survival
(D). The incidence of lung and liver colonization (E). The number of lung and liver colonization (F). HE
staining was applied to exhibit metastatic lung and liver nodules(G). * P<0.05.
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Figure 3

HOXA7 promotes KRAS-mutant CRC metastasis by recruitment of MDSCs. (A-B). The in�ltration of
immune cells in the two groups was analyzed by �ow cytometry. (C). The in�ltration of MDSCs and CD8
in two group was analyzed by IHC. (D). The correlation between HOXA7 expression and the expression of
CD11b or CD8 in KRAS mutant CRC tissues. ¬ (E). IHC staining showed HOXA7, CD11b and CD8
expression in KRAS mutant CRC samples.
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Figure 4

Downregulation of CXCL1 can inhibit HOXA7-mediated KRAS mutant CRC metastasis. (A). HOXA7 and
CXCL1 expression in the indicated cell by Real-time PCR analysis. (B-D). CXCL1 knockdown can reduce
HOXA7-mediated KRAS mutant CRC metastasis. Bioluminescence images and Bioluminescence signals
(B). The number of lung and liver colonization (C). Overall survival (D). HE staining (E). (F). The in�ltration
of MDSCs and CD8 in two group was analyzed by IHC. (G). The in�ltration of MDSCs and CD8 in two
group was analyzed by �ow cytometry. All the data are shown as the mean±s.d. * P 0.05.
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Figure 5

Depletion of MDSCs by anti-Gr1 can decrease HOXA7-indcued KRAS mutant CRC metastasis. (A-E). In
vivo administration of anti-Gr1 neutralizing monoclonal antibody (clone RB6-8C5, 200μg/mouse, i.p,
every 3 day) or isotype control until treatment endpoint. Anti-Gr1 can signi�cantly inhibited HOXA7
mediated KRAS mutant CRC metastasis. Bioluminescence images and the incidence of lung and liver
metastasis (A). Bioluminescence signals (B). Overall survival (C). The numbers of lung and liver nodules
(D). Representative HE staining (E). The scale bars represent 1 mm (low magni�cation) and 100 μm (high
magni�cation). All the data are shown as the mean±s.d. * P 0.05.
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Figure 6

Combined application of CXCR2 inhibitor SB265610 and anti-PD-L1 dramatically blocks HOXA7-
promoted KRAS-mutant CRC metastasis. (A-E) One week after injection of CT26-HOXA7 cells, mice in four
group were treated with vehicle, PD-L1 antibody or/and SB265610 (n = 10 mice/group) until treatment
endpoint. In vivo assays showed that combined treatment of PD-L1 antibody and CXCR2 inhibitors can
almost block KRAS mutant CRC metastasis totally. Representative bioluminescent images and
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bioluminescent signals in indicated group (A). Overall survival in indicated group (B). The incidence of
lung and liver nodules in indicated group(C). The incidence of lung and liver nodules in indicated
group(D). Representative HE staining of lung and liver tissues (E). IHC staining detected the in�ltration of
MDSCs or CD8+ cells in indicated group (F). All the data are shown as the mean±s.d. * P 0.05.


