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[bookmark: OLE_LINK391][bookmark: OLE_LINK392]Fig. S1 Hematoxylin eosin (H&E) staining of samples in this study. In this study, we analyzed three lung squamous cell carcinoma (SCC) patients, fourteen lung adenocarcinoma (ADC) patients and two mixed-component patients including C-SCLC patient P19 and MANEC patient P22. The cancer subtypes were determined by combination of light microscopy using hematoxylin and eosin-stained slides and IHC for classical markers. Scale bar, 100 μm.
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[bookmark: OLE_LINK492][bookmark: OLE_LINK493][bookmark: OLE_LINK618][bookmark: OLE_LINK617]Fig. S2 Patient information and quality control of single-cell RNA-seq data. a Clinical information of the patients analyzed in this study and the numbers of cells passed quality control. b Box plot displayed gene numbers detected of single cells from different tissues across each patient after filtering for at least 2000 genes detected in each individual cell. With the exception of single cells from patients P25, P26 and P27 for whom CD3+ T cells were sorted by fluorescence-activated cell sorting (FACS), for the rest of the patients, single cells were randomly picked without preselection for specific cell types. LyM represents lymph node metastasis. c Statistics of cell numbers for epithelial cells contributed to each patient.
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Fig. S3 Transcriptome analysis of different cancer subtypes. a Barplot showing identified cancer type ratios in tumor tissues across every patient. b PCA plot for 1400 mixed-lineage tumor cells. Cells are colored by identified cancer types and patients, respectively. c PCA plot showing top 50 cells for each lineage highly expressing corresponding lineages markers were well separated from each other lineage. d Heatmap showing cancer subtype markers of NET, ADC, and SCC identified from DEG analysis from cells in c. The known cancer lineage markers were colored by red, and the new identified candidate markers for each lineage were colored by green. e The ggtern plot for all tumor epithelial cells. The colors indicated cells from different patients. f Heatmap showing expression score of lineage-specific marker genes in each epithelial cells from two previous published scRNA-seq datasets.
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[bookmark: OLE_LINK546][bookmark: OLE_LINK547][bookmark: OLE_LINK401][bookmark: OLE_LINK400][bookmark: OLE_LINK620][bookmark: OLE_LINK619][bookmark: _Hlk27830537]Fig. S4 Mixed-lineage cancer cells identification at single-cell transcriptome level and at protein level. a Line plots showing gene expression levels of three typical lineage markers for single cell of tumor tissues from patients P5, P10, P11, and P13. The color indicated redefined cancer types. b Multiplex fluorescent IHC staining of cells from patients P10 and P11 with p63 (TP63) and TTF1 (NKX2-1). Arrows indicated the double positive cells. Scale bar, 100 μm. c Multiplex fluorescent IHC staining of cells from patient P11 with UCHL1 and TTF1 (NKX2-1). Arrows indicated the double positive cells. Scale bar, 100 μm.
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Fig. S5 Copy number variation analysis. a Heatmap showing CNVs of single cells from patient P19. CNVs were inferred based on single cell average gene expressions. Only CNV types with more than 10 cells were kept. Red, gain; blue, loss. b CNVs confirmed by bulk whole-genome sequencing data. The samples include cells from tumor regions and three normal regions. c, d Heatmaps showing CNVs of individual cells from patients P20 and P22, respectively. CNVs were inferred based on single cell average gene expressions. Red, gain; blue, loss. Only CNV types with more than 10 cells were kept.
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Fig. S6 Pseudotime analysis revealed transcriptome dynamics during tumorigenesis. a Heatmap showing normalized gene expression dynamics along the pseudotime. Totally 305 identified DEGs between normal epithelial cells and tumor cells were grouped into four clusters based on their gene expression patterns along the constructed pseudotime. b Gene Ontology (GO) enrichment analysis of genes from four clusters grouped in a.






[bookmark: OLE_LINK441][bookmark: OLE_LINK440][image: ] Fig. S7 Knockdown and inhibition of AKR1B1 decreased tumor cell growth. a knockdown efficiency of two different siRNAs of AKR1B1 in H2009 cell line. b H2009 cells were treated with DMSO or 100 μM epalrestat for 48h. Photograph showing epalrestat treatment inhibited cell proliferation. Scale bar, 200 μm. c Expression levels of AKR1B1 in H2009 cells and SW480 cells obtained from CCLE database. d Cell apoptosis analysis after that SW480 cells were treated with DMSO or 100 μM epalrestat for 48h. The percentages of apoptotic cells between treatment with DMSO and epalrestat were not significant different (NS, not significant, p > 0.05).  P values were determined by t-test. e Selected GO terms enriched in downregulated genes and upregulated genes in epalrestat treatment group samples, respectively. F Heatmap showing differentially expressed genes (Fold change > 2, p-value < 10-15) between siAKR1B1 samples and NC samples by bulk RNA-seq. The orange and blue colors indicated upregulated genes and downregulated genes, respectively. g Selected GO terms enriched in downregulated genes and upregulated genes in siAKR1B1 samples, respectively.
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a Patient information and sequencing statistics

Characteristics Statistics
Number of patients 20
Age in years (median, range) 58.9 (38-73)
Gender
Male 11 (55.0%)
Female 9 (45.0%)
Stage
| 8 (42.1%)
I 2 (10.5%)
mn 7 (36.8%)
v 2 (10.5%)
NA (not avaiable) 1
Histology
Squamous cell carcinoma (SCC) 3
Adenocarcinoma (ADC) 14
Combined small-cell lung carcinoma(C-SCLC) 1
Mixed adenocarcinoma and neuroendocrine carcinoma (MANEC) 1
Pulmonary chondroid hamartoma (PCH) 1
Smoker
Yes 7
No 13
Number of cells analyzed per patient 58-776

°

2

g =
83
£3
-]
P
23
83
JE
o5
Sa
£38
SE
z

Number of epithelial cells analyzed

12500

10000

7500

2500

)

I

)

Patient
500 507
a1
400
34 335
300
268 217
232 249
200 193
124 123 14
100 88 I
49
=1z01 1
o/l = -
P1 P2 P3 P4 P5 P6 P9 P10 P11 P12 P13 P15 P17 P19 P20 P22

Patient

P5 P6 P9 P10 P11 P12 P13 P15 P16 P17 P19 P20 P22

P25 P26 P27




image3.png
Cancer type ratio

d

10

20

Cancer type
® NET
® scc
® ApC

Patient
o pPi
°P2
°P3
o P4
°p5
*P6
° P9
* P10
o P
°pi2
P13
P15
P17
© P19

° P2

Cc
1.00
10
075
Cancer type
ADC
050 =SCCJ\DC'““" ~ 0
- misccnape €
Il NET_ADC
[ Triple-positive
025 -10
0.00 -10
P2 P1 P3 P13P12 P5 P17P20 P4 P6 P9 P15P10P11P19 P22
Patient
Patient
1400 cells | o py
¥ P2
10 ’ o
Cancer type o
© SCC_ADC™" oy ®P6
®sccenapc £ o Py
- ® P10
© NET_ADC o opi1
® Triple-positive. © P12
ple-posi “ P13
© P15
-10 o P17
* P19
“ P20
20 -10 0 10 o P2
Dim.1
NET SCC ADC f Nature Medicine, 2018
ONET escc  ®ADC Region
SECT1C GPNMB  NKx2-1 5 Reg
TUEA1A SERPINB5  KRT7 , WNormal
CTHRC1 FAM83B  FOLR1 281 STumor 698
UGCRES1  SPRRiA  Ciéoras 3
DLL1 FRMDG
STMNT SPPT CEACAM6E , CancerType
VDAC3 AKR1C2  DPP4 m!
HMGI2 AKRIC1  SLC34A2 1 m2
TNFRSF19  ITGBS SLC9A3R2 5
FAM105A  CD109 XIST o m
PCBP4 UPKIB  SFTA2
GRP PKP1 SmiMz22
GDAP1 CLCA2  ADGRFS
HES6 P2RY1 CXCL17
SIX3 KRTS DbLCT
CLDN5 KRT13 MCS
FABP7 TRIM29  CYP4B1
TUBB3 DSC3 Ceu
CHGB NTRK2 ~ ARSD 1673
FOP4 GPX2 HLA-DMA 3236
MEG3 KRT6B ~ BST2
TUBA1B MMP9 PRSS8
GNG11 PERP mMuc
BEX1 ILIRN cD74
CcA8 LINC01133  HLA-DRA
Gas2 P63
AGT ALDH3A1
NEUROD1  PTPRZ1
TRHDE-AS1 HK2
NKX2-2 CSTA
SH3GL2 KRT17
HAPLN1 KRT6A
GABRD KRT16 2 -
PEG10 SPRR1B Mixed-lineage
e 27 cancercells 432
oLkt (12.4%)
SCG3 >
KCNK9 &
OPRK1 S
GFRAT
ADCYAP1
PDZRN4
HEPACAM2
TAGLNZ
SSTR2
cr
Z-Score
- .

jusneq

‘adA ) Jsoued

Immunity, 2019

| ==——
o %o %

S ScC

Patient
mP

mP2

pP3

mP4

mPs

mPs

mP7
CancerType
o

i

H

B

NG

Mixed-lineage
cancer cells

(11.8%)




image4.png
a Wrs WP P11 P13
12 10 12 10
0 0 0 0
12 10] 12 10
3 0 0l 0 o
2} 12 10 12 10
0 0 0 0
~ 12 10 12 10
3 o o 0 0
E 12 10] 124 10|
S 0 o 0 0
9 g 12 10] 124 10
3 o o 0 0
<3
8 M 10] 12 10|
S o 0 0 0
s
7 12 10] 124 10
g o o 0 0
&
%1y 10] 12 10]
i
9 0 9 0
= 12 1 12 10|
0 o 0 0
12 10 12 10
0 o 0 0
0 50 100 150 200 100 200 300 100 200 100 200
b Protein O TP63
P10_Norm|
P10_Tum
P11_Norm
P11_Tum
C Protel O UCHL1 ODAPI

P11_Tum

P63
KRTS
sax2
KRT6A  CancerType
ADC
Trile-positive
NAPSA i NeT_apC
vign
NKX2—1 TISCC_ADC™
scchien ADC
KRT7
muct
CcHGB
UCHL1
MKI67





image5.png
NET_ADC

Q

2
1)
g
23

10 Triple-positive

g
g 2
Smm

8
<
u

Norm_R1

CNV
Normal
® Gain

Norm_R2

® Loss

Norm_R3

Tum

Chr.

SOMiIng

T NOYTNO TNO TN O

!
5
=z

8
=
:
|

10 Triple-positive
12 Triple-positive

CC_ADC"n

3 §
& g
u

g
3 |

g
=

Cancer type
W ADC

Hs

15 17 19 21 X

13

"

Chr
Chr

C mpP22
d P20




image6.png
Cell density

Cluster 1
(82 genes)

Cluster 2
(60 genes)

Cluster 3
(101 genes)

Cluster 4
(62 genes)

T

Pseudotime

Stage
OIA
amB
= ::EA response to bacterium
VA antimicrobial humoral response
O Namal  multicellular organismal homeostasis
cell chemotaxis
3 IL-17 signaling pathway
toll-like receptor signaling pathway
2 activation of innate immune response
1 regulation of phagocytosis
0 respiratory gaseous exchange
-1 PPAR signaling pathway
-2 regulation of wound healing
-3

defense response to virus

Interferon alpha/beta signaling

cellular response to type | interferon

defense response to other organism

negative regulation of viral genome replication
Antiviral mechanism by IFN-stimulated genes
negative regulation of viral life cycle
cytokine-mediated signaling pathway

extracellular matrix organization

Collagen formation

positive regulation of cellular component movement
response to toxic substance

regulation of cell growth

regulation of neuron differentiation

positive regulation of cell migration

MicroRNAs in cancer

p53 signaling pathway

mitotic nuclear division
organelle fission

Cell division

Cell Cycle, Mitotic
chromosome segregation
DNA replication

GO terms enriched in Cluster 1

I

|

|

|

|

|

|

|

|

|

I

00 25 50 75 100 125
-log10(P value)

GO terms enriched in Cluster 2

I

I

I

L]

|

]

]

e

00 25 50 75 100

~log10(P value)

GO terms enriched in Cluster 3

I
|
|
I
I
I
I
I
I

00 25 50 75 100

~log10(P value)

GO terms enriched in Cluster 4

o
S5}

20
~log10(P value)

w
S




