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Extended Data Fig. 1 Bioinformatics analysis for the clinical relevance of KHK and ALDOB in
cancer patients derived from TCGA database.

(A) (Upper panel) KHK expression in multiple cancer tissues from the TCGA database. (Lower
panel) ALDOB expression in multiple cancer tissues from the TCGA database. *: t-test P < 0.05; #: ¢-
test P <0.01.

(B) Kaplan-Meier curves depicting OS, PFI, and DSS of pan-cancer patients from TCGA database
classified by low and high KHK expression (RNA-seq). OS, overall survival; PFI, progression free
interval; DSS, disease specific survival.

(C) Kaplan-Meier curves depicting OS, PFI, and DSS of pan-cancer patients from TCGA database
classified by low and high ALDOB expression (RNA-seq). OS, overall survival; PFI, progression free

interval; DSS, disease specific survival.
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Extended Data Fig. 2 The expression of enzymes involved in fructose- and glucose-metabolism
in multiple cancer cell lines, the ATP concentrations and cell size in nontarget control (NC) and
AKRIBI-KO cells, and metabolomics analysis of NC and AKR1B1-KO US87 cells.

(A-B) Key enzymes of the polyol pathway, AKRIBI (A) and SORD (B), are widely expressed in
multiple cancer cell lines at the mRNA levels (n = 3).

(C) The regulation of AKR1B1 expression by glucose levels in different cancer cells (n = 3).

(D) The expression of AKR1B1, HK1, and HK2 in four different cancer cells.

(E) The cell size in NC as well as AKRIB1-KO cells (n = 3).

(F) The amounts of glucose- and fructose-specific metabolites in AKRIB1-KO U&7 cells. Cells were
treated in glucose free DMEM containing 10% dialyzed FBS supplemented with 25 mM *C-glucose
for 24 h and harvested for metabolic flux analysis (n = 3).

(G) The volcano plot showing the perturbed metabolites by AKRIB1-KO in U87 cells (Left panel).
The bar plot displaying the differential metabolites triggered by AKRI/BI1-KO in U87 cells (Right
panel). These metabolites were ranked based on their fold change values and highlighted with different
colors according to their P values. FC, fold change.

(H) The ATP concentrations in NC and AKR1B1-KO cells (n = 3).

(I-J) Pathway enrichment analysis of differential metabolites was performed using the selected
pathway-associated metabolite sets (SMPDB) library.

Data are represented as mean + SEM. *: t-test P < 0.05; #: #-test P < 0.01; NS: not significant.
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Extended Data Fig. 3 Mass isotopologue distributions (MIDs) of metabolites in A549 cells

Mass isotopologue distributions (MIDs) of metabolites in NC and AKRIBI-KO A549 cells were
measured after 24 h culture with *C-glucose (labelled at all six carbons). Data are displayed as mean
+ SD (n = 3). Glucose-1-phosphate (G-1-P), Fructose-1-phosphate (F-1-P), Fructose-6-phosphate (F-
6-P), Glucose-6-phosphate (G-6-P), Fructose-1,6-bisphosphate (F-1,6-BP), Glyceraldehyde-3-
phosphate (GAP), Dihydroxyacetone phosphate (DHAP).
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Extended Data Fig. 4 Mass isotopologue distributions (MIDs) of metabolites in U87 cells

Mass isotopologue distributions (MIDs) of metabolites in NC and AKRIBI-KO in U87 cells were
measured after 24 h culture with '*C-glucose (labelled at all six carbons). The data are displayed as
mean + SD (n = 3). Glucose 1-phosphate (G-1-P), Fructose 1-phosphate (F-1-P), Fructose 6-phosphate
(F-6-P), Glucose 6-phosphate (G-6-P), Fructose 1,6-bisphosphate (F-1,6-BP), D-Glyceraldehyde 3-
phosphate (GAP), Dihydroxyacetone phosphate (DHAP).
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Extended Data Fig. S The glycolysis stress test in NC and AKRI1BI-OE cells of HCT116 and
BxPC3, and protein levels between NC and HK1/2-KO cells from A549 and U87.

(A-B) Homologous recombination technology was used to overexpress AKRIBI in cancer cells,
resulting in a significant increase in AKR1B1 expression in both HCT116 and BxPC3 cells.

(C-F) The glycolysis stress test revealed the enhanced glycolysis by AKRI/BI-OE in HCT116 (C, E)
and BxPC3 (D, F) (n=4).

(G) The comparison of HK1 and HK2 protein levels between NC and HK1/2-KO cells.

Data are represented as mean + SEM. *: t-test P < 0.05; #: #-test P <0.01.
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Extended Data Fig. 6 The effects of epalrestat and AKRIBI-OE on cancer cell proliferation
and colony formation.

(A-B) The proliferation of A549 (A) and U87 (B) cells cultured in high glucose DMEM medium
containing 10% FBS with or without epalrestat treatment (n = 3).

(C-D) The colony formation of A549 (C) and U87 (D) cells cultured in high glucose DMEM medium
containing 20% FBS with or without epalrestat treatment (n = 3).

(E-F) Overexpression of AKRIBI accelerated cell proliferation of HCT116 and BxPC3 cells cultured
in high glucose DMEM medium containing 10% FBS in vitro (n = 3).

(G-H) AKR1BI-OE boosted the colony formation of HCT116 and BxPC3 cells in vitro (n = 3). Cells
were cultured in high glucose DMEM medium containing 20% FBS for 14 days.

Data are represented as mean + SEM. *: t-test P < 0.05; #: #-test P <0.01.
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Extended Data Fig. 7 The effects of epalrestat on cell apoptosis and cell cycle progression in A549
and U87 cells, and the influence of AKR1BI-OE on cell migration of HCT116 and BxPC3 cells.
(A-B) Flow cytometry was used to detect cell apoptosis of A549 (A) and U87 (B) cells cultured in
high glucose DMEM medium containing 10% FBS with or without epalrestat treatment (n = 3).
(C-D) Flow cytometry was used to examined cell cycle of A549 (C) and U87 (D) cells, which were
cultured in high glucose DMEM medium containing 10% FBS with or without epalrestat treatment (n
=3).

(E-F) AKR1B1-OE promoting cell migration of HCT116 and BxPC3 cells in wound healing assay. NC
and AKR1BI-OE cells were cultured in high glucose DMEM medium containing 2% FBS for wound
healing assay (n = 3). Bar plot on the right side showing the quantitative and statistical results.

(G-H) AKR1BI-OE fostering cell migration of HCT116 and BxPC3 cells in transwell assay. NC and
AKRIBI-OE cells were seeded in the upper chambers in high glucose DMEM medium, and the lower
chamber was the same medium containing 10% FBS (n = 3). Bar plot on the right side showing the
quantitative and statistical results. Scale bar is 100 um.

Data are represented as mean + SEM. *: t-test P < 0.05; #: #-test P <0.01.
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115 Extended Data Table 1.

116  Quantification of metabolites using Waters Acquity Xevo TQs

Compound Parention  Daughterion Cone (V)  CE (V) RT (min)
3Cs-glucose 319.9 209 25 10 3.21
BCs-fructose 320.0957 240.082 40 10 3.67

13Cs-lactate 227 136.7 30 20 3.22

B3Cs-pyruvic acid 360.6 136.8 46 25 8.22

D7-glucose 321 209.0913 48 10 3.19

117

118

16



