
Page 1/15

Tumor immunogenicity regulates host immune
responses, and conventional dendritic cell type 2
uptakes the majority of tumor antigens in an
orthotopic lung cancer model. 
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Abstract
Human lung cancer carries high genetic alterations, expressing high tumor-speci�c neoantigens.
Although orthotopic murine lung cancer models recapitulate many characteristics of human lung
cancers, genetically engineered mouse models have fewer somatic mutations than human lung cancer,
resulting in scarce immune cell in�ltration and de�cient immune responses. The endogenous mouse
lung cancer model driven by Kras mutation and Trp53 deletion (KP model) has minimal immune
in�ltration because of a scarcity of neoantigens. Fine-tuning tumor antigenicity to trigger the appropriate
level of antitumor immunity would be key to investigating immune responses against human lung
cancer. We engineered the KP model to express antigens of OVA peptides (minOVA) as neoantigens
along with ZsGreen, a traceable �uorescent conjugate. The KP model expressing minOVA exhibited
stronger immunogenicity with higher immune cell in�ltration comprised of CD8+ T cells and CD11c+

dendritic cells (DCs). Consequentially, the KP model expressing minOVA exhibits suppressed tumor
growth compared to its origin. We further analyzed tumor-in�ltrated DCs. The majority of ZsGreen
conjugated with minOVA was observed in the conventional type 2 DCs (cDC2), where cDC1 has minimal.
These data indicate that tumor immunogenicity regulates host immune responses, and tumor
neoantigen is mostly recognized by cDC2 cells, which may play a critical role in initiating anti-tumor
immune responses in an orthotopic murine lung cancer model.

Introduction
Cancer is driven by the accumulation of genetic alterations. Human lung cancer carries the highest
mutation burden among all cancer types.1 Accumulation of genetic alterations and post-translational
modi�cations produces tumor-speci�c neoantigens.1 Although some mutations may be neutral, a higher
tumor mutational burden (TMB) typically leads to greater tumor immunity.2 Tumor-speci�c neoantigens
are presented by major histocompatibility molecules and recognized by host immune cells.

Murine lung cancer models are widely used to study cancer immune responses. Autochthonous lung
cancer models recapitulate many human lung cancers by re�ecting the tumor microenvironment as well
as the local immune cell repertoire and immune response within the lung. 3 Genetically engineered
mouse models utilize a small number of cancer-driver mutations to promote spontaneous tumor
development in orthotopic environments. Notwithstanding, these murine tumors harbor much fewer
simple somatic mutations compared to their human counterparts, resulting in less immunogenicity. 4 5

Kirsten rat sarcoma viral oncogene homolog (KRAS) and tumor suppressor p53 (TP53) genes are
mutated at a high frequency in non-small lung cancer (NSCLC) patients. The spontaneous
autochthonous lung cancer model expressing mutant Kras and deleted Trp53 has been widely used for
lung cancer research. However, this model is characterized by scarcity of CD3+ T cells in the tumor and

abated immune responses. 5 Contrastingly, stronger tumor immunity may abolish tumor development
and progression by triggering robust antitumor immune responses.
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It has been challenging to recapitulate the complexity of driver mutations and neoantigens of human
cancer in autochthonous lung tumor models. The proper autochthonous lung cancer model with
appropriate antitumor immunity is key to investigating immune mechanisms against tumor-speci�c
neoantigens and developing effective immunotherapy. We explored the lung cancer model with
orthotopic KP (Kras and Trp53 mutation) lung tumor models expressing variable neoantigens to
investigate antitumor host immunity. To overcome the limitations of current murine models of human
lung cancer, we generated an orthopedic KP lung cancer model that expresses variable neoantigens and
explored its ability to mount anti-tumor host immunity. This model's ability to mimic the complex
interplay between tumor and immune cells holds promise for advancing our understanding of lung
cancer immunology and the development of effective immunotherapies.

Materials and methods

Mice
C57BL/6, Scgb1a1-creERT, and B6.129-Krastm4TyjTrp53tm1Brn/J (LSL-K-rasG12D, p53LoxP, or KP) mice were

purchased from Jackson Laboratory (Bar Harbor, ME). Scgb1a1-creERT mice were crossbred with KP
mice to generate Scgb1a1-creERT;KP. All mouse strains were bred in a speci�c pathogen-free facility
maintained by the University of Illinois at Chicago. All mouse experiments were approved by the Institute
Animal Care and Use Committee of the University of Illinois at Chicago. Mouse genotypes from tail
biopsies were determined using real-time PCR with speci�c probes designed for each gene (Transnetyx,
Cordova, TN). Age-matched male mice 6 to 12 weeks old were used for the experiments.

Survival analysis was calculated from the day of cancer cell engagement until the humane endpoints
were reached. Mice euthanized due to reaching the humane endpoint of 20% body weight loss were
recorded as events, while those surviving until the study endpoint without reaching the humane endpoint
were censored. This study was conducted in strict accordance with the recommendations in the Guide
for the Care and Use of Laboratory Animals of the Nation Institutes of Health. The protocol was
approved by the Institutional Animal Care and Use Committee of the University of Illinois at Chicago.

Tumor induction
To induce mouse lung adenocarcinoma, a suspension of tamoxifen (MP Biomedicals) in corn oil (Sigma-
Aldrich) was administered via intraperitoneal injection (100 mg/kg) to 8-week-old Scgb1a1-creERT; KP
mice every 3 days for 2 weeks. Tumor-bearing Scgb1a1-creERT;KP mice were 13 weeks old at the time of
sacri�ce for cancer cell isolation.

Cell sorting and culture
Lung tumors were dissociated into single-cell suspension through perfusion and enzymatic digestion as
described previously (Methods Mol Bio. 2018, 1799, 59–69). FACS sorting was performed using the
MoFlo Astrios cell sorter at the UIC RRC Flow Cytometry Core. The epithelial cells were sorted based on
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their expression pro�le, speci�cally negative for CD45-APC-Cy7 (BioLegend, 30-F11), CD31-PE
(BioLegend, 390), and CD140a-PE-Cy7 (BioLegend, APA5) antibodies and positive for EpCam-APC
(BioLegend, G8.8) antibody. Cells were collected into a solution of 20% FBS (fetal bovine serum) in
RPMI1640 medium and subsequently cultured in media containing 10% FBS in RPMI1640.

FACS analysis
Whole lung cells were prepared as described previously. 16 APC conjugated antibodies against mouse
CD3 (17A2), B220 (RA3-6B2), NK-1.1(PK136), TER-119 (TER-119), CD64 (X54-5/7.1) and F4/80 (BM8)
were used for linage exclusion. Antibodies against mouse CD45-APC-Cy7(30-F11), CD11c-PE-Cy7(N418),
I-A/I-E PE/Dazzle™ 594 (M5/114.15.2), CD172a-AF700 (P84) and XCR1-BV510 (ZET) were used for cDC1
and cDC2 staining. All �ow cytometry antibodies were purchased from BioLegend. Samples were run
through Gallios �ow cytometer and analyzed by Kaluza software (Beckman Coulter, Pasadena, CA).

Viral vector generation and transduction
In order to express the stable activity of Cre recombinase consistently, cancer cells were transduced with
Cre-expressing lentivirus (Gentarget, LVP412), and a GFP-Puromycin fusion dual marker was utilized to
select the positively transduced stable cells via GFP sorting and antibiotic selection.

ZsGreen-fused minOVA construct was generously provided by Dr. Stefani Spranger (MIT) 7 and cloned
into the pBABE lentiviral expression vector. Subsequently, pBABE-ZsGreen-minOVA was co-transfected
into 293T cells along with pCMV delta R8.2 and pCMV-VSVg vectors to generate the lentiviral vector (UIC
Viral Core). KPLCLS cells were transduced with the ZsGreen-minOVA expressing lentivirus, and
bleomycin was used to select the positively transduced stable cells.

MNU (N-methyl-N-nitrosourea) treatment
Cancer cells were cultured until reached approximately 70% con�uency, followed by exposure to 100
ug/ml of MNU (Chem Service, NG-17031) dissolved in PBS for 45 minutes. Post MNU treatment, the cells
underwent PBS washes before being replenished with fresh culture media. Ahead of each subsequent
MNU exposure, the cells were passaged a minimum of three times, continuing this cycle for up to seven
times.

Orthotopic transplantation of cancer cells via intratracheal
delivery
The cancer cells were resuspended in 50 µl of serum and antibiotic-free RPMI, supplemented with 0.01
M ethylenediaminetetraacetic acid (EDTA). For intratracheal administration of cancer cells, we used the
previously published method with minor modi�cations. 17 The mice were anesthetized by intraperitoneal
injection of ketamine (100 mg/kg) and xylazine (10 mg/kg) mixture. Anesthesia depth was monitored by
checking for lack of response to toe pinch. The anesthetized mouse was securely positioned on an
intubation platform, with its back against the platform and its front teeth gently secured to the platform
edge. The mouse’s mouth was opened, and the tongue was gently pulled out to expose the trachea. A
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catheter was carefully inserted into the trachea, ensuring that the tip reached the level of the front teeth.
The 50 µl volume of cancer cell suspension was slowly dispensed through the catheter into the trachea,
allowing the mouse to inhale the entire volume. Once the entire volume was inhaled, the catheter was
gently removed from the trachea. At the desired post-administration time, mice were euthanized, and
lungs or lymph nodes were collected.

Histology and immunohistochemistry (Halo quantitation)
Tissues were formalin-�xed, para�n-embedded, and 5-um sections prepared. To quantify tumor burden,
lung tissue sections were stained with H&E. The proportion of involved cancer area was determined by
measuring the total cancer area/total area of tissue using the HALO platform (Indica Labs), an AI-based
tissue classi�er module. HALO platform quanti�cation was performed by the UIC Pathology Core in an
unbiased, investigator-blinded manner.

For immunohistochemistry, epitopes were unmasked by incubation with sodium citrate pH 6.0 and
incubated with primary antibodies for CD45 (Cell signaling, 70257), CD8a (Abcam, ab217344), CD11c
(Cell signaling, 97585), and GFP (Santa Cruz, sc-9996) overnight. Secondary antibodies were conjugated
with horseradish peroxidase (Vector laboratories, MP-7401), or alkaline phosphatase (Vector
laboratories, MP-5402), and brown 3,3’-diaminobenzidine (DAB) kit for horseradish peroxidase (Vector
laboratories, SK-4105), or red substrate kit for alkaline phosphatase (Vector laboratories, SK-5100) were
used as chromogen, respectively. Samples were counterstained with hematoxylin.

Statistics
Data are expressed as mean ± SEM. Tukey’s one-way ANOVA was performed to determine the probability
of statistically signi�cant differences (p values) and recorded in �gure legends. Survival data, including
time to event (humane endpoint), were analyzed using the Kaplan-Meier method (n = 4–5 mice/group).
Statistical signi�cance for survival between populations was analyzed by a log-rank test.

Results
Generation of autochthonous KP lung tumor model expressing neoantigens with tumor traceable
marker.

Kras LSL−G12D ; Trp53�ox/�ox (hereafter KP mice) express endogenous mutant Kras and deleted Trp53
alleles (Jackson lab. #032435). The KP mice were crossbred with airway-epithelial cell Cre-expressing
mice (Scgb1a1-creERT, Jackson lab. #016225) to generate a conditional lung adenocarcinoma model
(Scgb1a1-CreERT;KP mice). Upon tamoxifen injection, the mice develop lung adenocarcinoma, similar to
pathologic human lung cancer (Fig. 1D). On day 36, the tumor cells were isolated from the lung as
described in Methods (Fig. 1A & B). The isolated KP cancer cells were transduced with the lentiviral
vector expressing Cre-nuclease and selection markers (Fig. 1E). The puri�ed KP lung cancer cells
(KPLCLS cells) were further transformed by transduction of the lentiviral vector containing minOVA fused
with ZsGreen �uorescent, resulting in generating KPLCLS-minOVA cells (Fig. 1B). MinOVA serves as a



Page 7/15

neoantigen, and ZsGreen allows us to track the tumor cells. MinOVA comprises two peptides of OT-I
(SIIINFEKL) and OT-II (ISQAVHAAHAEINEAGR) (Fig. 1C), which are much less immunogenic compared to
OVA whole protein, are still capable of triggering host immune responses. 6 7 8 ZsGreen, an improved
version of green �uorescent protein (GFP), is much brighter and more photostable than GFP. KPLCLS-
minOVA cells were subsequently introduced via the intratracheal route into mice with an immunologically
identical background of the Scgb1a1-CreERT;KP mice (Fig. 1B). We con�rmed successful tumor
engraftment in the peribronchial area with GFP-positivity in the tumor cells. The pathology showed a
typical lung adenocarcinoma pattern (Fig. 1F).

Loaded tumor cell count relates to cancer burden and determines survival.

Next, we tested the effect of loaded cell count on tumor burden and mouse survival. KPLCLS-minOVA
cells were inoculated into mice with identical immunologic backgrounds via the intratracheal route at
three different doses, 0.5, 1.0, and 2.0 x 106 (Fig. 2A). A similar level of cross-sectional cuts was
performed on day 36 after inoculation to compare dose-dependent tumor characteristics (Fig. 2A). Lung
cross-sections at all doses depicted classical adenocarcinoma in the peribronchial area and unbiased
measurement of tumor-involved area, as quanti�ed by the AI-powered HALO software using entire lung
�elds, demonstrated that greater inoculated tumor cell numbers are associated with increased tumor-
involved area (Fig. 2B). Accordingly, mouse survival was found to be inversely proportional to the
inoculated tumor cells (Fig. 2C).

Stronger tumor immunogenicity suppresses tumor growth.

The KPLCLS-minOVA cells were derived from the KPLCLS by adding the minOVA peptides, as shown in
Fig. 1B. Thus, the KPLCLS-minOVA cells have stronger immunogenicity than their origin. We compared
tumor growth between these two tumor cells and found that the KPLCLS-minOVA cells had suppressed
tumor growth (Fig. 3A). We further examined the correlation between immunogenicity and tumor growth
using a carcinogen exposure model. Carcinogen exposure increases tumor mutational burden (TMB),
enhancing neoantigen load and tumor immunogenicity. 9 The KPLCLS cells were exposed to 100 ug/mL
of MNU (N-methyl-N-nitrosourea), as previously reported. 10 The cells were exposed repeatedly for up to
seven cycles. After the exposure, the cell growth rate remained the same as that of the unexposed (data
not shown), as shown in the other group. 10 The KPLCLS exposed to one cycle of MNU resulted in a
marked reduction in the number of tumor nodules and involved areas, and the cells exposed to seven
cycles of MNU failed to implant in the lung despite growing well in vitro culture (Fig. 3B).

KPLCLS-minOVA cells promote greater in�ltration of immune cells, and cDC2, not cDC1, uptakes most
cancer particles.

Immune cell composition in the tumor was analyzed using immunohistochemistry. Compared to the KP
cancer cells, the KPLCLS-minOVA cancer cell-derived tumors were found to have increased CD45+

immune cell in�ltration. Immune cell in�ltrates comprised of CD8+ T cells and CD11c+ dendritic cells
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(DCs). Some CD11c+ DCs contained intracellular GFP-positive granules, suggesting engulfed tumor
particles. To identify the subset of DCs that take up the tumor antigen, the tumor tissues were
homogenized for �ow cytometry. Cells were then gated for conventional DC populations (cDC) using the
surface markers, including CD45+CD11c+MHCIIhi, and lineage negative (CD3, B220, NK1.1, TER119,
CD64, F4/80). The cocktail excludes macrophages, T cells, B cells, and NK cells. The cDC population was
further separated into lung cDC1 and cDC2 subsets using antibodies against XCR1 and CD172, as we
previously reported. 11 ZsGreen positivity was observed mostly in the cDC2 subset, whereas cDC1 has
minimal. These results indicate that tumor neoantigen is recognized by cDC2 cells, which may play a
critical role in initiating anti-tumor immune responses.

Discussion
In vivo animal models of cancer must strike a balance between tumor immunogenicity and reliability of
growth. Highly mutated tumors may be more physiologic (particularly vis-à-vis lung cancer), but will be
cleared by immunocompetent hosts at rates that render such models impractical for routine use.
Similarly, minimally mutated tumors may exhibit consistent formation and growth, but lacking detectable
neoantigens represent less realistic models and present little opportunity for the study of cancer
immunology 4, 5. Thus, an ideal tumor model should contain detectable neoantigens, but nevertheless
demonstrate robust growth through the induction of tolerance, possibly even in the setting of
immunotherapy, which has become the new standard of care in human disease. Furthermore, orthotopic
and autochthonic models should also be preferred for the sake of human relevance, given the signi�cant
diversity in the character of immune responses arising from various anatomic niches. 12 Here, we
present such a model for use in future studies of lung adenocarcinoma. Our tumor cells were generated
from an initial autochthonic mouse model, then orthotopically delivered via intratracheal administration,
and incorporated a carefully titrated neoantigen burden conducive to growth despite recognition by the
immune system. Tumor cells express minOVA for the generation of OT-I and OT-II peptides for tracking
CD8 + and CD4 + T cell responses, respectively, and additionally express ZsGreen for e�cient recognition
of tumor cells as well as phagocytes taking up tumor antigen. To our knowledge, possessing these
features is highly relevant to human lung cancer and extremely valuable for studying tumor immune
responses.

While this model should be broadly applicable to the study of lung adenocarcinoma and the immune
responses engendered thereof, our preliminary studies to date have already highlighted an intriguing
feature of the innate immune cells involved. In particular, we �nd that tumor antigen is selectively taken
up by cDC2, rather than cDC1, which would be expected to skew the forthcoming adaptive immune
response away from the generation of CD8 + T cells and Th1, and toward Th2, Th17, or Treg
speci�cation, thus impairing tumor clearance. 13 This phenomenon may account for our observation that
these tumors so reliably establish and progress upon delivery to the airway. Failure to generate a tumor
in�ltrative type 1 response has been recognized as a negative prognostic sign, and correlates with tumor
progression in humans. 14 Future studies will examine whether cDC1 antigen uptake can be enhanced to
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promote tumor clearance or whether cDC2 can be inhibited toward the same end. Notably cDC2 are
known to express signi�cantly higher levels of PD-L1 than cDC1, 15 and this may relate to their ability
under this model to establish a tolerogenic environment, permissive of tumor growth. While our model is
designed to facilitate analysis of T cell responses via OT-I and OT-II peptides, its greater novelty likely lies
in its demonstrated ability to illustrate early contributions of the innate immune cells, such as DCs, which
to date have received signi�cantly less attention. Given that APCs are instrumental in determining T cell
phenotype, our expectation is that future cancer therapies will arise from a better understanding of
tumor antigen uptake and presentation by DCs.

Declarations

Funding:
This work was supported by the National Institutes of Health grants R01-HL153170 and US Department
of Veterans Affairs grant I01-BX004981.

Author Contribution
K.-H.K. performed the mouse and cellular experiments and analyzed data. S.K., J.D. E., and C.A. analyzed
the data. K.-H.K, J.D.E., C.A., and G.-Y. P wrote and edited the manuscript. G.-Y.P conceptualized and
supervised the study.

References
1. Schumacher TN, Schreiber RD (2015) Neoantigens in cancer immunotherapy. Science.

;348(6230):69–74. 10.1126/science.aaa4971. PubMed PMID: 25838375

2. Ostroverkhova D, Przytycka TM, Panchenko AR (2023) Cancer driver mutations: predictions and
reality. Trends Mol Med 29(7):554–566 Epub 20230417. 10.1016/j.molmed.2023.03.007

3. Zhu M, Kim J, Deng Q, Ricciuti B, Alessi JV, Eglenen-Polat B, Bender ME, Huang HC, Kowash RR,
Cuevas I, Bennett ZT, Gao J, Minna JD, Castrillon DH, Awad MM, Xu L, Akbay EA (2023) Loss of p53
and mutational heterogeneity drives immune resistance in an autochthonous mouse lung cancer
model with high tumor mutational burden. Cancer Cell 41(10):1731–1748 e8. Epub 20230928.
10.1016/j.ccell.2023.09.006

4. McFadden DG, Politi K, Bhutkar A, Chen FK, Song X, Pirun M, Santiago PM, Kim-Kiselak C, Platt JT,
Lee E, Hodges E, Rosebrock AP, Bronson RT, Socci ND, Hannon GJ, Jacks T, Varmus H (2016)
Mutational landscape of EGFR-, MYC-, and Kras-driven genetically engineered mouse models of lung
adenocarcinoma. Proc Natl Acad Sci U S A 113(42):E6409–E17 Epub 20161004.
10.1073/pnas.1613601113



Page 10/15

5. P�rschke C, Engblom C, Rickelt S, Cortez-Retamozo V, Garris C, Pucci F, Yamazaki T, Poirier-Colame
V, Newton A, Redouane Y, Lin YJ, Wojtkiewicz G, Iwamoto Y, Mino-Kenudson M, Huynh TG, Hynes RO,
Freeman GJ, Kroemer G, Zitvogel L, Weissleder R, Pittet MJ (2016) Immunogenic Chemotherapy
Sensitizes Tumors to Checkpoint Blockade Therapy. Immunity 44(2):343–354 PubMed PMID:
26872698; PMCID: PMC4758865

�. Duong E, Fessenden TB, Lutz E, Dinter T, Yim L, Blatt S, Bhutkar A, Wittrup KD, Spranger S (2022)
Type I interferon activates MHC class I-dressed CD11b(+) conventional dendritic cells to promote
protective anti-tumor CD8(+) T cell immunity. Immunity. ;55(2):308 – 23.e9. Epub 20211119.
10.1016/j.immuni.2021.10.020. PubMed PMID: 34800368; PMCID: PMC10827482

7. Zagorulya M, Yim L, Morgan DM, Edwards A, Torres-Mejia E, Momin N, McCreery CV, Zamora IL,
Horton BL, Fox JG, Wittrup KD, Love JC, Spranger S (2023) Tissue-speci�c abundance of interferon-
gamma drives regulatory T cells to restrain DC1-mediated priming of cytotoxic T cells against lung
cancer. Immunity 56(2):386–405e10 Epub 20230202. 10.1016/j.immuni.2023.01.010

�. Harrell JC, Dye WW, Allred DC, Jedlicka P, Spoelstra NS, Sartorius CA, Horwitz KB (2006) Estrogen
receptor positive breast cancer metastasis: altered hormonal sensitivity and tumor aggressiveness
in lymphatic vessels and lymph nodes. Cancer Res 66(18):9308–9315. 10.1158/0008-5472.Can-06-
1769PubMed PMID: 16982776

9. Lussier DM, Alspach E, Ward JP, Miceli AP, Runci D, White JM, Mpoy C, Arthur CD, Kohlmiller HN,
Jacks T, Artyomov MN, Rogers BE, Schreiber RD (2021) Radiation-induced neoantigens broaden the
immunotherapeutic window of cancers with low mutational loads. Proc Natl Acad Sci U S A 118(24).
10.1073/pnas.2102611118PubMed PMID: 34099555; PMCID: PMC8214694

10. Salehi-Rad R, Li R, Tran LM, Lim RJ, Abascal J, Momcilovic M, Park SJ, Ong SL, Shabihkhani M,
Huang ZL, Paul M, Shackelford DB, Krysan K, Liu B, Dubinett SM (2021) Novel Kras-mutant murine
models of non-small cell lung cancer possessing co-occurring oncogenic mutations and increased
tumor mutational burden. Cancer Immunol Immunother 70(8):2389–2400 Epub 20210128.
10.1007/s00262-020-02837-9

11. Moon HG, Eccles JD, Kim SJ, Kim KH, Kim YM, Rehman J, Lee H, Kanabar P, Christman JW,
Ackerman SJ, Ascoli C, Kang H, Choi HS, Kim M, You S, Park GY (2023) Complement C1q essential
for aeroallergen sensitization via CSF1R(+) conventional dendritic cells type 2. J Allergy Clin
Immunol. ;152(5):1141-52 e2. Epub 20230808. doi: 10.1016/j.jaci.2023.07.016. PubMed PMID:
37562753; PMCID: PMC10923196

12. Vaishnavi A, Kinsey CG, McMahon M (2024) Preclinical Modeling of Pathway-Targeted Therapy of
Human Lung Cancer in the Mouse. Cold Spring Harb Perspect Med. ;14(1). Epub 20240102.
10.1101/cshperspect.a041385. PubMed PMID: 37788883; PMCID: PMC10760064

13. Kvedaraite E, Ginhoux F (2022) Human dendritic cells in cancer. Sci Immunol. ;7(70):eabm9409.
Epub 20220401. 10.1126/sciimmunol.abm9409. PubMed PMID: 35363544

14. Barnes TA, Amir E (2017) HYPE or HOPE: the prognostic value of in�ltrating immune cells in cancer.
Br J Cancer 117(4):451–460. 10.1038/bjc.2017.220



Page 11/15

15. Xie N, Shen G, Gao W, Huang Z, Huang C, Fu L (2023) Neoantigens: promising targets for cancer
therapy. Signal Transduct Target Ther 8(1):9 Epub 20230106. 10.1038/s41392-022-01270-x

1�. Moon HG, Tae YM, Kim YS, Gyu Jeon S, Oh SY, Song Gho Y, Zhu Z, Kim YK (2010) Conversion of
Th17-type into Th2-type in�ammation by acetyl salicylic acid via the adenosine and uric acid
pathway in the lung. Allergy. ;65(9):1093 – 103. Epub 20100322. 10.1111/j.1398-9995.2010.02352.x.
PubMed PMID: 20337611

17. Dean D Adenocarcinoma Engraftment: A Method to Implant Cancer Cells into the Murine Lungs.
JoVE Encyclopedia of Experiments. p. 4:36

Figures



Page 12/15

Figure 1

Generation of mouse lung adenocarcinoma cells. (A) Schematic representation of the tamoxifen
intraperitoneal injection schedule. Black arrowheads denote the time points at which tamoxifen was
administered to each mouse. Lung tissues were harvested on day 36 for isolation of cancer cells. (B)
Experimental work�ow illustrating the overall process. Scgb1a1-CreERT; KP mice were injected with
tamoxifen according to the schedule described above, followed by lung perfusion with digestion
enzymes. Epithelial cells were isolated via �uorescence-activated cell sorting (FACS) and cultured.
Isolated cells were transduced with a lentivirus bearing Cre to establish a stable cell line. Subsequently, a
lentivirus carrying ZsGreen fused with minOVA was transduced into KPLCLS cells. Cancer cells were
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then engrafted intratracheally. (C) Amino acid sequence information of ZsGreen fused with minOVA. (D)
Hematoxylin and eosin (H&E) staining of lung cancer induced by tamoxifen injections. (E) GFP+ cells
were sorted by FACS and cultured in media supplemented with Puromycin. (F) KPLCLS-minOVA cells
were inoculated via the intratracheal route and the lung tissues were collected after 36 days.
Representative histological sections of lung cancer were stained with anti-GFP antibody (red).

Figure 2

Impact of varied doses of KPLCLS-minOVA cells on tumor burden and survival in mice. (A) Three
different doses (0.5, 1.0, and 2.0 x 106) of KPLCLS-minOVA cells were inoculated via the intratracheal
route and the lung tissues were collected after 36 days. Formalin-�xed mouse lung tissues were H&E
stained and (B) quanti�ed using AI-powered HALO software. n=4 each. *P<0.05, **P<0.01, Tukey’s one-
way ANOVA. (C)  Survival was monitored. n=5 each. Log-rank (Mantel-Cox) test, p value: 0.0127.
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Figure 3

Tumor immunogenicity suppresses tumor growth. (A) KPLCLS or KPLCLS-minOVA cells, and (B) KPLCLS
or MNU treated KPLCLS cells (1.0 x 106) were intratracheally injected into WT mice, and the lung tissues
were collected after 36 days.  Formalin-�xed tissues were stained with H&E and the tumor areas were
quanti�ed using AI-powered HALO software. (n=4 for KPLCLS, n=3 for KPLCLS-minOVA). *P<0.05,
**P<0.01, Tukey’s one-way ANOVA.
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Figure 4

Comparative analysis of immune cell in�ltration in lung cancer models. (A) Representative histological
sections of lung cancer were stained with anti-CD45, anti-CD8a, or anti-CD11c antibodies. Lung cancer
engrafted with KPLCLS-minOVA showed signi�cant CD45+ immune cell in�ltration compared to lung
cancer induced by Tamoxifen injection (KP cancer). The tumor derived from KPLCLS-minOVA exhibits
the in�ltration of CD8a and CD11c immune cells. (B) KPLCLS-minOVA lung cancers were stained with
anit-CD11c (brown) and anti-GFP (red) and showed intracellular GFP+ signals. (C) Flow cytometry
analysis demonstrates that CD172+ conventional dendritic cell type 2 (cDC2) cells engulf ZsGreen+
KPLCLS-minOVA cancer cells, whereas XCR1+ cDC1 cells show minimal uptake of cancer cells. Scale
bar: 100 µm.


