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Supplementary Text
Validation that GFP-positive cells in adipose tissue of C57BL/6J-c2J-LysM-eGFP

mice are macrophages.

An immunostaining assay was conducted to verify if GFP-positive cells in the
epididymal fat of C57BL/6J-c2J-LysM-eGFP mice are macrophages. Fixed adipose tissue
was stained with Alexa Fluor 647 anti-mouse F4/80 antibody. Under the excitation of 960
nm and 1200 nm respectively, GFP and Alexa Fluor 647 were visualized in adipose tissue
(Figure S1A). GFP-positive cells can be labeled with Alexa Fluor 647 anti-mouse F4/80
antibody. GFP and Alexa Fluor 647 showed good co-localization, with a PCC value of 0.58
#0.042, an MCC-ML1 value of 0.99, and an MCC-M2 value of 1. It suggests that GFP-
positive cells express the F4/80 marker (Figure S1B).

In vitro validation of lipofuscin-like fluorescence as a label-free marker for
macrophages.

Immunofluorescent staining of CD86, CD206, and CD163 with flow cytometric
analysis confirmed that bone marrow-derived macrophages (BMDMSs) were successfully
polarized (Figure S1C). The characteristic fluorescence of lipofuscin-like pigments was
almost absent in other cell lines, such as 3T3-L1 cells (Figure S1D). To further confirm
that red autofluorescence is derived from lipofuscin-like pigments, co-localization analysis
of lysosomal and lipofuscin-like fluorescence was performed in BMDMs (Figure S1E).
Colocalization coefficient values including PCC (0.53 +0.048) and MCC (M1 = 0.93 =
0.037, M2 =0.97 £0.011) demonstrated a good correlation and high co-occurrence (Figure
S1F). It can be determined that the fluorescent substance is a lipofuscin-like pigment

according to the fluorescence emission spectrum (Figure S1G).

Exploration of prediabetes and diabetes models over time.

Previous studies have shown that in the presence of overnutrition, the metabolism of
adipose tissue could be switched from OXPHOS to glycolysis, and adipose tissue
macrophages are polarized to M1 macrophages. Besides, nutrient excess also affects
macrophage mtDNA release, mtROS production, and mitochondrial dynamics and

promotes obesity-induced inflammation [1-5]. Thus, in the present study, we chose the
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dietary-induced diabetes model, which has unique advantages in simulating the etiology of
human T2DM, especially the onset characteristics of obese patients with diabetes mellitus.
Two different diets were used to induce diabetes models since pathologic responses may
vary in different dietary components. Long-term exposure to a high-fat diet (HFD) with
60% kcal fat (D12492i, Research Diets Inc., New Brunswick, NJ, USA) causes several
pathologies, including obesity, insulin resistance (IR) [6], inflammation [7], fatty liver [8],
diabetic renal injury, and intestinal barrier dysfunction [9], and neurodegeneration [10].
Prolonged consumption of a high-fat-high-sucrose diet (HFHSD) with 58% kcal fat and
sucrose (D12331i, Research Diets Inc., New Brunswick, NJ, USA) leads to obesity, IR,
and diabetic myocardial damage [11], and fatty liver [12].

To find out when IR and diabetes developed in mice, we measured the mice's fasting
blood glucose and insulin levels weekly. We found that the mice body weight of the HFD
and HFHSD groups increased significantly compared with the control group fed with
normal chow (Figure S2A). Although HFD- and HFHSD-fed mice exhibited elevated
fasting insulin levels at weeks 5 and 6, respectively (Figure S2B), both groups had
significantly higher HOMA-IR index at week 5 than the control group (Figure 2A). Mice
fed HFD or HFHSD showed increased HOMA-IR value, suggesting the presence of IR [13,
14]. Prediabetes refers to an intermediate hyperglycemia [15, 16] state in which insulin
resistance (IR) is already present and blood glucose levels are higher than normal but lower
than those in diabetes. In this study, we expected to establish a prediabetes detection
method, that is, the IR stage, so we chose the time around the onset of IR as the detection
time point, the 4™ week of HFD or HFHSD feeding. Comparing the metabolic profiles of
prediabetes and diabetes is conducive to the establishment of detection technology for
prediabetes, so it is also important to find out the onset of diabetes.

Although impaired fasting glucose levels were detected after 8 weeks of feeding on
HFD or HFHSD (Figure 2B), these mice displayed clear-cut diabetes with fasting blood
glucose levels of above 13 mmol/L at the 16™ week, which was compatible with the
previous study [17]. Furthermore, random blood glucose levels were significantly elevated
only after 16 weeks of HFD or HFD feeding (Figure S2C). Thus, we set the 16" week of
feeding on HFD or HFHSD as the time point for diabetes diagnosis. So, the period from
the presence of IR until the fasting blood glucose level reaches 13 mmol/L is the prediabetic
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state. That is, mice fed HFD or HFHSD for 4 to 15 weeks are considered prediabetic. From
16 weeks onwards, mice entered the diabetic stage. Besides, we found that IR precedes
hyperglycemia, which is consistent with previous studies [18-20].

Anatomical diagrams of mice demonstrated that epididymal fat hypertrophy was
observed in mice fed HFD or HFHSD for either 1 or 4 months (Figure S2D-E). Besides,
we performed a 2-NBDG glucose uptake assay to verify that adipose tissue developed
insulin resistance in mice fed HFD or HFHSD for 1 and 4 months. 2-NBDG is a fluorescent
tracer used to monitor glucose uptake by living cells. Measurement of glucose uptake rate
reflects insulin sensitivity [21, 22]. Fluorescence images and signals were acquired to
ensure that 2-NBDG was absorbed by adipose tissue, and the result showed the peak of the
spectrum was at 540 nm, which is the emission wavelength of 2-NBDG (Figure S2F-G).
2-NBDG uptake by epididymal fat was significantly reduced in mice fed HFD or HFHSD
(Figure S2H), indicating that epididymal fat may have IR.

During the establishment of IR and diabetes mice models, in addition to tracking
changes in fasting blood glucose and insulin levels, we also performed RNA-seq analysis
of adipose tissue, looking for evidence at the transcriptomic level of whether the IR and
diabetes mice models were successfully established. Heatmap clustering analysis
manifested that HFD or HFHSD feeding for 1 month and 4 months resulted in the down-
regulation of insulin receptor (Insr) and its substrate (Irs1) in adipose tissue, suggesting IR
in adipose tissue. In addition, an increase of the adipokine leptin (Lep) was observed in the
adipose tissue of mice fed HFD or HFHSD for 1 or 4 months (Supplementary Figure S2i,
j). Up-regulation of leptin is associated with the increased risk of IR and T2DM [23-25].
Adiponectin (Adipoq) is another adipokine with the opposite biological function to leptin
in inflammation and IR [26]. Compared with the control group, although the down-
regulation of adiponectin and its receptor (Adipor2) was not detected at 1 month of HFD
or HFHSD feeding, the expression of these two genes was down-regulated in both HFD
and HFHSD groups after 4 months of feeding, indicating that long-term feeding of
HF(HS)D causes more severe symptoms of adipose tissue IR than short-term feeding.
Accumulated evidence revealed that mitochondrial dysfunction could be one of the
pathogenic factors of IR and T2DM [27, 28]. Suppression of metabolic genes involved in

mitochondrial biogenesis and glucose/fatty acid metabolism including proliferator
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peroxisome-activated receptor (PPAR) coactivator-1a, PGC-1a (Ppargcla), the PPARS
members (Ppara, Ppard, and Pparg), and 5’ AMP-activated protein kinase (AMPK) (Prkaal,
Prkaa2, Prkab2) were observed in T2DM subjects [29-31]. In our study, both short- and
long-term exposure to HF(HS)D resulted in the down-regulation of these metabolic genes,
implying mitochondrial dysfunction in adipose tissue. Evidence from RNA-seq supported

the successful construction of IR and diabetes mice models in this study.
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Figure S1. Lipofuscin-like red autofluorescence is specific to adipose tissue macrophages. (A)
Colocalization of GFP and macrophage marker F4/80 in the visceral fat of C57BL/6J-c2J-LysM-eGFP
mice. GFP excited by 960 nm was presented by green color, and Alexa Fluor 647 anti-mouse F4/80
excited by 1200 nm was presented by red color. Scale bar: 50 um. (B) Colocalization analysis for GFP
and Alexa 647. PCC = 0.58 +0.04, M1 = 0.99, M2 = 1. (n = 3) (C) Flow cytometry assay for different
macrophage phenotypes identification. (D) Representative images of lipofuscin-like red
autofluorescence in 3T3-L1 cells and BMDMSs (n = 6). Scale bar: 20 um. (E) Representative images
displaying colocalization of lysotracker green and lipofuscin-like red autofluorescence in BMDMs.
Scale bar: 10 pum. (F) Colocalization analysis for lysotracker green and lipofuscin-like red
autofluorescence. PCC = 0.53 +0.048, MCC-M1 = 0.93 +0.038, MCC-M2 = 0.97 +0.011. (G) The
fluorescence emission spectra of lipofuscin-like pigments in macrophages. Data are presented as Mean
+SD (n=3 or 6).



226  Figure S2

Control — HFD - HFHSD _
ontrol = —
40 £ 250 S
= =
= 36 3 200 53 15- ) ol
£3 £ 150 8 :O 4 )\-/
22 2 ag"0 'Q‘;k:&‘l’//k.
s £ 10 A
2 2 50 A
20 é 0 g 0O-—T—T 7T T T T T T T
01234567 81216
Weeks
D E F
2400 T
X nnm
gggg 480 nm = SHG
2 40 nm = 2-NBDG
£ 1800/
< 1600
£ 1400
-1 1200+
% 1000
800
4 600 - - .
Control HFD HFHSD Control HFD HFHSD o0 s00 700
Wavelength (nm)
Control HFD HFHSD H
Control ¢« HFD ¢ HFHSD
£ *
o *
8 R B
E ‘D 2.0
- s
E15q9 7 ’_‘
n « J
2 9 1.0 : :I i i «®
= — ©
c 5 0.5 |_ ﬁ A @
) 5 [ i
E  0.0-H
< . :
1 month 4 months
| 1 month of feeding J 4 months of feeding
7 Adipor2 — Lep M2
— 1N ] Ppard i} Ppard
‘ M PN Prkaat = Adipor2
1 Insr Insr 0
q { Irs1 Irs1 _
‘ Prkab2 Prkag2 I
|| Ppargcia Adipoq M-2
[ ] Ppara Ppara
(. Prkaa2 Ppargcia
{11 Pparg . Prkaa1
AE‘[ ‘ Adipoq Pparg
- Lep ; Prkaa2
\((} &0\?(0\/Q QO(};(O? %0”\% 0_)0/ 0\'/\‘(}?&0\/Q Qo QQ/ %Q By %ol/b
& & S NS & &K Q~
S S R R & Qg‘b & & & ™R & Q‘Q*Q\Q*

227
228  Figure S2. Establishment of Type Il Diabetes Mellitus (T2DM)/Pre-T2DM model in mice. (A)
229  Weight gain in mice fed HFD or HFHSD for 16 weeks. (B) Fasting insulin levels in mice fed HFD or
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HFHSD for 16 weeks. (C) Random blood glucose levels in mice fed HFD or HFHSD for 16 weeks. (D-
E) The representative anatomy diagram of mice (D: 1 month of feeding; E: 4 months of feeding). (F)
The fluorescence emission spectra of 2-NBDG in adipose tissue. (G) Representative fluorescence
images of 2-NBDG glucose uptake in fresh epididymal fat (Top: 1 month of feeding; bottom: 4 months
of feeding). Scale bar: 100 um. (H) Quantification of relative 2-NBDG fluorescence intensity in adipose
tissue (Left: 1 month of feeding; right: 4 months of feeding). Each group contains 25-30 data points
from 3 biological replicas. Each data point is the average of 10 cells in one field of view. (I-J) Heatmaps
of expression profiles of insulin receptor genes, adipokine genes, and metabolic-related genes in adipose
tissues. Data are expressed as Mean =SD (n = 3). "P < 0.05, ™P < 0.01, and *™P < 0.001, the HFD
group vs. the control group; *P < 0.05, #P < 0.01, and **P < 0.001, the HFHSD group vs. the control

group.
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Figure S3. Identification of metabolic and inflammatory phenotypes of prediabetic adipose tissue.
(A) Expression profile of glycolysis-related genes in adipose tissues of normal and prediabetic mice
(HFD or HFHSD fed for 1 month). (B) (left panel) Seahorse analysis of oxygen consumption rate (OCR)
of normal and prediabetic adipose tissues. (right panel) Comparative analysis of basal respiration, ATP
production, and maximum respiration capacity in adipose tissues of healthy and prediabetic mice. (C)
(left panel) Seahorse analysis of extracellular acidification rate (ECAR) of normal and prediabetic
adipose tissues. (right panel) Comparative analysis of glycolysis, glycolytic capacity, and glycolytic
reserve in adipose tissues of normal and prediabetic mice. (D) (upper panel) Hematoxylin and Eosin
(H&E) staining and immunostaining of F4/80, CD68, CD80, iNOS and CD206 in epididymal fat from
normal and prediabetic mice. (lower panel) Quantification of relative expression of F4/80, CD68, CD80,
iNOS, and CD206 in adipose tissue paraffin sections. Data are expressed as Mean =SD (n = 3). "P <

0.05 and P < 0.01 relative to the control group.

Figure S4
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Figure S4. Optical metrics of adipocytes in diabetic adipose tissues. (A) Quantification of redox
ratio in adipocyte cytoplasm of epididymal adipose tissues from mice fed HFD or HFHSD for 4 months.
Data are presented as Mean £SD. Each group contains 25-30 data points from 8 biological replicas.

*kk

Each data point is the average of 10 cells in one field of view. ™"P < 0.001 versus the control group. (B)
The 2D scatter plot displayed that the two parameters a; and t> can distinguish the adipocytes of the
control, HFD, and HFHSD groups, with an original classification accuracy of 91.2% (control versus
HFD) or 85.5% (control versus HFHSD) and a cross-validation classification accuracy of 91.2%
(control versus HFD) or 85.5% (control versus HFHSD). Each group contains 25-30 data points from 8
biological replicas. Each data point is the average of 10 cells in one field of view. (C, D) ROC curves
and AUC values for optical readouts (redox ratio, ai, t1, t2, and t2-ai-redox ratio-integrated parameter)
of adipocytes, showing their ability to distinguish between (C) control and HFD groups or between (D)

control and HFHSD groups. Other parameters of ROC and AUC analyses were shown in Table S3.

Figure S5
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284
285  Figure S5. Histopathological examination of adipose tissues from mice fed for 4 months. (A)

286  Hematoxylin and Eosin (H&E) staining of epididymal fat in control mice and diabetic mice (HFD and
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HHFSD groups). The red arrow marks the crown-like structures (CLSs). The bar chart shows the
number of CLSs. Immunostaining of (B) F4/80, (C) CD68, (D) CD80, (E) iNOS, and (F) CD206 in
paraffin sections of adipose tissues showing CLSs. Relative expression of F4/80, CD68, CD80, iNOS,
and CD206 in adipose tissue sections was quantified using Image Pro Plus. Scale bar: 250 um for large
images and 50 um for inset images in (B) and (C), 50 um in (D), (E), and (F). Data are presented as
Mean £SD (n = 3). "P < 0.05, ”P < 0.01, and "™P < 0.001 versus the control group.
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Figure S6. TPFM and FLIM metabolic imaging of BMDMs. (A) Representative images of NAD(P)H
and FAD fluorescence intensity in different phenotypes of BMDMs, including MO, M1, and M2. Scale
bar: 20 um. (B) Quantification of redox ratio of M0, M1, and M2 macrophages. (C) Representative
pseudo-color-coded FLIM a; and t, images of NAD(P)H of MO, M1, and M2 macrophages. Scale bar:
20 um. (D) The a;-t> scatter plot manifests a good separation of M1 from MO (original classification
accuracy: 83.9% cross-validation: 83.9%), and M1 from M2 (original classification accuracy: 87.8%
cross-validation: 87.8%). Quantification of free NAD(P)H fraction a1 (E) and long lifetime component
t> (F) in BMDMs. Each group in (B, D, E, F) contains 25-30 data points from 6 biological replicas. Each
data point is the average of 10 cells in one field of view. Data in (B, D, E, F) are presented as Mean =+

HkKk

SD. P < 0.001 compared with the control group.
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Figure S7. Identification of metabolic profile of diabetic adipose tissue. (A) Heatmap of glycolysis-
related genes' expression in adipose tissues of the control and diabetic mice (HFD or HFHSD fed for 4
months). (B) (left panel) Oxygen consumption rate (OCR) profile plots of epididymal fat from the
control and diabetic mice. (right panel) Quantification of basal respiration, ATP production, and
maximum respiration capacity in epididymal fat of the control and diabetic mice. (C) (left panel)
Extracellular acidification rate (ECAR) profile plots of adipose tissue from the control and diabetic

mice. (right panel) Quantification of glycolysis, glycolytic capacity, and glycolytic reserve in adipose
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tissues of the control and diabetic mice. Data are shown as Mean #+SD (n = 3). P < 0.01 relative to the
control group.

Figure S8
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Figure S8. Diet changes improving prediabetes symptoms in mice. (A) Timeline showing mice fed
HFD or HFHSD for 2 months, followed by normal chow for 1 month. Mice's blood glucose levels were
monitored by using an insulin tolerance test (ITT) (B) and an intraperitoneal glucose tolerance test
(IPGTT) (C) (n = 8). (D) HE staining of adipose tissue (n = 3). (E) Quantification of adipocyte size.
Data are represented as Mean =SD (n = 3 or 8).

Figure S9
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Figure S9. TPFM and FLIM metabolic imaging of epididymal fat in prediabetic mice. (A)
Representative images of NAD(P)H, FAD, and lipofuscin-like fluorescence intensity in epididymal fat
from mice fed HFD or HFHSD for 2 months. Scale bar: 50 um. The redox ratios of adipocytes (B) and
macrophages (C) were quantified. Data were presented as Mean =SD (n = 8). P < 0.001 versus the
control group. (D) False-color-coded FLIM a; and t; images of NAD(P)H in adipose tissues. Scale bar:

50 um. The ai-t, scatter plots of (E) adipocytes and (F) macrophages. (G, H) ROC curves and AUC
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values for optical readouts (redox ratio, ai, ti, to, and tr-a;-redox ratio-integrated parameter) of
adipocytes, showing their ability to distinguish between (G) control and HFD groups or between (H)
control and HFHSD groups. Other parameters of ROC and AUC analysis were shown in Table S6.
Each group in (B, C, E, and F) contains 25-30 data points from 8 biological replicas. Each data point is

the average of 10 cells in one field of view.

Figure S10

A 1 month of feeding B 4 months of feeding
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Figure S10. NAD(P)+/NAD(P)H content measurement. (A-B) Relative NAD(P)+/NAD(P)H content
in adipose tissue. Adipose tissue from mice fed for 1 month (A) and 4 months (B) respectively. Data

are represented as Mean £SD (n = 3).

Figure S11
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Figure S11. No changes in the redox ratio and NAD(P)H lifetime of adipocytes were observed in
mice fed HFD or HFHSD for 2 weeks. (A) Representative images of NAD(P)H, FAD, and lipofuscin
fluorescence intensity. Scale bar: 50 pm. (B) Quantification of redox ratio in adipocytes. (C)
Quantification of redox ratio in macrophages. (D) FLIM images of adipose tissues. Scale bar: 50 pum.
(E) The as-t, scatter plot. Data are represented as mean =SD (n = 8). Each group in (B, C, E) contains
25-30 data points from 8 biological replicas. Each data point is the average of 10 cells in one field of

view.,
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355 Table S1. ROC analysis for adipocytes (1 month of feeding)

ROC curve
. . ., . . . . YOUden
Group Optical index  Sensitivity Specificity AUC . Cutoff
index
t 60.61% 50% 0.52 0.11 477
t 93.94% 68.42% 0.82 0.62 2802
Control
Vs a 93.94% 92.11% 0.87 0.86 60.05
HFD Redox ratio 90.91% 71.05% 0.8 0.62 0.08
Predicted
- 96.97% 100% 0.96 0.97 0.58
probability
t 35.14% 76.32% 0.5 0.11 507.6
Control t, 75.68% 84.21% 0.81 0.60 2729
Vs a, 78.38% 92.11% 0.83 0.70 60
HFHSD  Redoxratio  97.30%  6842% 083  0.66 0.08
Predicted
89.19% 100% 0.93 0.89 0.77
probability
356
357 Table S2. ROC analysis for macrophages (4 months of feeding)
ROC curve
Youden
Group Optical index  Sensitivity Specificity AUC ) Cutoff
index
t 88% 92.59% 0.87 0.81 451.1
t 96% 92.59% 0.87 0.89 2345
a 56% 81.48% 0.68 0.37 75.4
Control
vs Redox ratio 88% 62.96% 0.77 0.51 0.44
Lipofuscin
HFD PO 84% 81.48% 082  0.65 1.2
Intensity
Predicted
100% 96.30% 0.86 0.96 0.44

probability




358

359

360
361

362
363

t 85.71% 100% 0.86 0.86 475
t, 91.43% 96.30% 0.87 0.88 2374
Control a 57.14% 81.48% 0.71 0.39 75.39
Vs Redox ratio 77.14% 70.37% 0.76 0.48 0.43
HFHSD Lipofuscin
_ . 60% 88.89% 0.74 0.49 1.37
intensity
Predicted
- 94.29% 100% 0.88 0.94 0.63
probability
Table S3. ROC analysis for adipocytes (4 months of feeding)
ROC curve
. . . Youden
Group Optical index  Sensitivity Specificity AUC _ Cutoff
index
t 96.67% 20% 0.55 0.17 609.9
t, 96.67% 86.67% 0.86 0.83 2778
Control
Vs a, 100% 56.67% 0.79 0.57 60.01
HFD Redox ratio 76.67% 83.33% 0.81 0.6 0.06
Predicted
- 100% 96.67% 0.88 0.97 0.47
probability
t 50% 76.67% 0.65 0.27 488.8
Control ¢, 86.67% 83.33% 0.84 0.7 2812
Vs a 96.67% 56.67% 0.73 0.53 59.7
HFHSD  pedoxratio  83.33%  9333% 083 077 0.056
Predicted
- 100% 90% 0.87 0.9 0.30
probability

Table S4. Mean and standard deviation (SD) of all optical readouts in control

adipose tissues and the z-scores of all groups represented in the heatmaps

Statistics of optical readouts in the control group
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364

Optical readouts Mean SD
OR1: Adipocyte redox_ratio 0.090 0.022
OR2: Adipocyte NAD(P)H_a1 (%) 55.95 3.94
OR3: Adipocyte_ NAD(P)H_t1 (ps) 470 43
OR4: Adipocyte NAD(P)H_t2 (ps) 2827 120
ORS5: Macrophage_redox_ratio 0.429 0.071
ORG6: Macrophage NAD(P)H_a1 (%) 71.51 3.95
ORT7: Macrophage_ NAD(P)H_t1 (ps) 470 60
OR8: Macrophage_ NAD(P)H_t2 (ps) 2510 151
OR9: Macrophage_lipofuscin_FL (Counts/cell) 10386 3864
365
366
367 Z-scores of all groups
368
Control Prediabetes Diabetes
Optical readouts HFD HFHSD HFD HFHSD HFD HFHSD
Adipocyte_redox_ratio 0.00 0.00 -1.16 -1.48 -1.71 -1.89
Adipocyte NAD(P)H_a1 0.00 0.00 2.73 2.14 2.90 2.27
Adipocyte NAD(P)H_t1 0.00 0.00 0.15 0.03 -0.03 -0.65
Adipocyte NAD(P)H_t, 0.00 0.00 -1.62 -1.35 -1.75 -1.62
Macrophage_redox_ratio 0.00 0.00 -0.05 -0.04 -1.21 -1.11
Macrophage_ NAD(P)H_a1 0.00 0.00 0.20 -0.04 0.95 1.26
Macrophage NAD(P)H_t: 0.00 0.00 -0.20 0.05 0.44 0.56
Macrophage NAD(P)H_t, 0.00 0.00 -0.52 -0.13 2.51 2.73
Macrophage_lipofuscin_FL 0.00 1.00 0.00 1.05 2.83 1.94

369
370

24



371

372

373
374

Table S5. ROC analysis of PCA differentiation accuracy

Group

ROC curve

Sensitivity Specificity AUC

Youden

index

Cutoff

HFD-
induced

model

HFHSD-
induced

model

Prediabetes
VS

Diabetes

Control
VS

Prediabetes

Control
S

Diabetes

Prediabetes
VS

Diabetes

Control
VS

Prediabetes

Control
VS

Diabetes

100%

96.97%

100%

83.33%

37.84%

73.33%

93.94%

85.71%

97.14%

100%

97.14%

100%

0.99

0.85

0.94

0.87

0.85

0.88

0.94

0.83

0.97

0.97

0.31

0.40

0.31

0.71

0.84

0.98

from HFD and HFHSD-fed mice (feeding for 2 months)

Table S6. ROC analysis on optical readouts of adipocytes for differentiating control
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375
376

ROC curve

. . . Youden
Group Optical index  Sensitivity Specificity AUC . Cutoff
index

t 68.97% 50% 0.55 0.19 559.6

t, 82.76% 92.86% 0.84 0.76 2782
Control
Vs a 93.10% 60.71% 0.74 0.54 53.61
HFD Redox ratio 93.10% 89.29% 0.85 0.82 0.057

Predicted

. 96.55% 92.86% 0.87 0.89 0.4

probability

t 40% 82.14% 0.55 0.22 471.3
Control ¢, 70% 92.86% 0.78 0.63 2781
V8§ a 86.67% 67.86% 0.76 0.55 55.36
HFHSD  pedoxratio  83.33%  89.29% 082  0.73 0.057

Predicted

93.33% 89.29% 0.86 0.83 0.43
probability
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Supplementary methods

Procedures for quantifying cellular redox ratio and NAD(P)H lifetime

Calculation of macrophage redox ratio

1)

2)

3)

Locate macrophages based on lipofuscin-like red autofluorescence, and use the

freehand selections tool in Image J to circle the cells with red fluorescence.

Apply these ROIs to NAD(P)H and FAD fluorescence images, respectively, and

measure the NAD(P)H and FAD intensities of each ROI.

Calculate the redox ratio of each cell based on the formula of Irap / [Inabe)H + IFAD],

and analyze at least 30 cells' redox ratio.
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398

Calculation of adipocyte redox ratio

File Edit Image Process Analyze Plugins Window Help
glo|aE /| <5 N AlQ W | ofsur | 4] &

Fil s Just) ImageJ 2.0.0-rc-59/1.53c; Java 1.8.0_66 (64-bit]

4096x4096 pixels; 32-bit 64MB

[ Results
File Edit Font Results

Label Jarea [mean [intoen

1 SUM_1_740 4. 1622-0293 2800 34382.126 96269952
2 SUM_1_7401r1642-0813 3194 33497.738 106991776
3 SUM_1_8901i1622-0293 2800 1300.257 3640720.000

4 SUM_1_8901I1642-0813 3194 1278.367 4083104000 _|

Adipocyte cytoplasm can be visualized in both fluorescence channels, whereas lipids

have little detectable signal in the FAD channel [32]. So, the lipids area and macrophage

region was excluded when calculating the redox ratio. The steps to analyze the redox ratio

of adipocytes are as follows:

1) Circle the adipocyte cytoplasm on the NAD(P)H fluorescence image using the freehand

selections tool in Image J.

2) Apply these ROIs to the FAD fluorescence image and measure the NAD(P)H and FAD

intensities of each ROI.

3) Calculate the redox ratio of each cell based on the formula of Irap / [Inape)H + IFAD],

and analyze at least 30 cells' redox ratio.
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Analysis of macrophage NAD(P)H lifetime

:
% .
Lipofuscin ﬁ
FL image [ @ o
\ t1’ t2
a; A

e m 8

A @ Curve fitting

" Trace = IRF @[ a;e*+a,67]

1) Use an IRF convoluted two-component model £(t) = IRF @ (aie "™ +ae ') to fit
the decay traces.

2) Locate macrophages based on lipofuscin fluorescence image.

3) Circle macrophages on the NAD(P)H fluorescence lifetime image using the “Define
mask” tool in SPCimage software.

4) Export the optical metrics, including ay, t1, a2, t2, and tm, and analyze at least 30 cells.
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Analysis of adipocyte NAD(P)H lifetime

8500 '5-1 S yowrs

: [
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L] alx 57
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m
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> t, b
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gﬂvg S

Y

= @ Curve fitting

Trace = IRF @] 51 ;J‘ﬁééé‘:""f]miw _

1) Use an IRF convoluted two-component model f(t) = IRF @ (aie /" +aze ¥?) to fit
the decay traces.

2) Circle the adipocyte cytoplasm on the NAD(P)H fluorescence lifetime image using the
“Define mask” tool in SPCimage software.

3) Export the optical metrics, including as, t1, a2, t2, and tm, and collect at least 30 cells’
NAD(P)H lifetime.

Procedures for measuring adipocyte size

Measurement of adipocyte size

50 pm @

1-3) Make sure that the pixel resolution of the image agrees with the scale bar.
4) Manually circle the adipocyte using the freehand selections tool in Image J.

5) Measure the ROI and obtain the area of adipocytes.
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431

Forest plot of Odds Ratios: Screening the association between optical matrics and

diabetes

Variables
Redox ratio
NAD(P)H_t1
NAD(P)H_t2

NAD(P)H_a-

HFD-induced prediabetes model (1-month feeding)

OR (95% CI)
0.912 (0.871-0.954)
1.000 (0.990-1.011)
0.987 (0.980-0.993)

2.31 (1.474-3.620)

P
:
<0.001 { —e— i
[}
0.941 ——
'
<0.001 - ——
)
<0.001 - i ——
I 1} I I I i}
© N o© O NN © N
PG A RO NN

Odds Ratio (OR)

Forest plot showing the association between adipocytes' optical metrics and prediabetes (HFD-induced

model, 1 month of feeding).

Variables
Redox ratio
NAD(P)H_t1
NAD(P)H_t2

NAD(P)H_as

Forest plot showing the association between adipocytes' optical metrics and prediabetes (HFHSD-

induced model,

HFHSD-induced prediabetes model (1-month feeding)

OR (95% CI)
0.908 (0.870-0.948)
0.998 (0.990-1.007)
0.987 (0.981-0.993)

1.507 (1.257-1.800)

1 month of feeding).

P
<0.001 { —e—— i
0.941 - |—d:—|
< 0.001 - e i
<0.001 - —r—
T T I T T 1
F S FP S A N g0

Odds Ratio (OR)
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439

Variables
Redox ratio
NAD(P)H_t4
NAD(P)H_t.

NAD(P)H_as

HFD-induced prediabetes model (2-month feeding)

OR (95% CI)
0.896 (0.852-0.942)
0.998 (0.991-1.005)
0.983 (0.975-0.991)

1.497 (1.210-1.852)

P

< 0.001

0.635

< 0.001

< 0.001

|

4 |_d_|
i
]
. = =
i
. : ——
T | : 11
© N A O N
K ICAROIN

Odds Ratio (OR)

Forest plot showing the association between adipocytes' optical metrics and prediabetes (HFD-induced

model, 2 months of feeding).

HFHSD-induced prediabetes model (2-month feeding)

Variables
Redox ratio
NAD(P)H_t
NAD(P)H_tz

NAD(P)H_a4

Forest plot showing the association between adipocytes' optical metrics and prediabetes (HFHSD-

induced model, 2 months of feeding).

OR (95% Cl)
0.923 (0.887-0.960)
0.999 (0.994-1.005)
0.989 (0.984-0.995)

1.508 (1.221-1.862)

P

< 0.001

0.795

< 0.001

<0.001

O O
Qc'b Q?)

o
NN

Odds Ratio (OR)
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HFD-induced diabetes model (4-month feeding)

Variables OR (95% ClI) P
Redox ratio 0.910 (0.865-0.957) < 0.001 J._._.

NAD(P)H_t: 0.996 (0.988-1.004)  0.941 - -

NAD(P)H_t 0.980 (0.970-0.990) < 0.001 - i i
NAD(P)H_a: 1.431 (1.185-1.727) <0.001 - E —_—
I T - T T 1
© N o O NN 9 o
Q‘.b Qi” Q9 Qc.b ,\,Q Ne NY N*
Odds Ratio (OR)

440
441  Forest plot showing the association between adipocytes' optical metrics and diabetes (HFD-induced
442  model, 4 months of feeding).

443

HFHSD-induced diabetes model (4-month feeding)

Variables OR (95% ClI) P

Redox ratio 0.882 (0.828-0.939) <0.001 {—e—

NAD(P)H_t: 0.991 (0.983-1.109)  0.941 - .

NAD(P)H_t 0.987 (0.980-0.994) < 0.001 - w

| — — |

NAD(P)H_a; 1.290 (1.11-1.505) < 0.001

T — =77 | T T
VYAl Db ADA N NN
FF S 4

Odds Ratio (OR)
444

445  Forest plot showing the association between adipocytes' optical metrics and diabetes (HFHSD-
446  induced model, 4 months of feeding).
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HFD-induced diabetes model (4-month feeding)

Variables OR (95% Cl)
Redox ratio  0.955 (0.929-0.982)
NAD(P)H_t; 1.086 (1.034-1.140)
NAD(P)H_t. 1.027 (1.010-1.044)
NAD(P)H_as 1.217 (1.021-1.450)

Lipofuscin FL  44.615 (5.102-390.169)

P '
0.001 - —t
0.001 { +—e—
0.001 1 H
0.028 - i'
0.001 - '—'—'
— — —
ORI

Odds Ratio (OR)

Forest plot showing the association between macrophages' optical metrics and diabetes (HFD-induced

model, 4 months of feeding).

HFHSD-induced diabetes model (4-month feeding)

Variables OR (95% CI)
Redox ratio 0.956 (0.931-0.982)
NAD(P)H_t1 1.058 (1.031-1.087)
NAD(P)H_t2 1.023 (1.010-1.036)
NAD(P)H_a1 1.247 (1.069-1.455)

Lipofuscin FL  7.989 (2.294-27.819)

P
0.001 -
< 0.001 1

< 0.001 1
0.005 1
0.001 1

- -

1

Q‘,b" NN A4

Odds Ratio (OR)

Forest plot showing the association between macrophages' optical metrics and diabetes (HFHSD-

induced model, 4 months of feeding).
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