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Supplemental Methods

Experimental Procedures
Measurement of body composition

Body composition was measured once per week using 1H NMR spectroscopy
(EchoMRI 3-in-1, Echo Medical Systems LTD, Houston, TX) after body
weight was determined. At 0, 7, and 19 weeks, 6 mice from each group were
randomly selected and euthanized by cervical dislocation after intraperi-
toneal administration of Ketamine/xylazine (0.1 mg Ketamine mixed with
0.01 mg xylazine per body weight 1 g) between 9 and 11 am. We measured
epididymal, inguinal, retroperitoneal, and mesenteric fat pad mass to 0.1
mg precision.

Measurement of cell-size in fat pads

Adipose cell-size distributions in fat pads were measured using a Coulter
counter (Multisizer III; Beckman Coulter, Miami, FL), as previously de-
scribed (1). Briefly, two samples of 20 to 30 mg of tissue were immediately
fixed in osmium tetroxide and incubated in a water bath at 37 °C for 48
h, and then adipose cell-size was determined by the Multisizer with a 400
pm aperture. The effective cell-size range using this aperture is 20 to 240
pm. To exclude possible contamination from particles that are not adipose
cells, we considered sizes above 25 pm. The instrument was set to count
6,000 particles, and the fixed-cell suspension was diluted so that coincident
counting was less than 10%. After collection of pulse sizes, the data were ex-
pressed as particle diameters and displayed as histograms of counts against
diameter using linear bins and a linear scale for the x-axis. A sample was
taken from each fat pad and processed separately. Each sample was then
counted at least twice. The curves from the two samples were then averaged,
but only after examining the reproducibility between the two samples.

Computational Methods

Tissue mass, mean cell size, and total cell number

For given absolute frequencies n(s,t) of adipose cell size at time ¢, it is
straightforward to calculate fat pad mass m, volume-weighted mean cell-
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size s, and total cell number nyq;:

4 [ s\?
m = p/?<§> n(s,t)ds,

[ ss*n(s,t)ds

5 =

[ $3n(s,t)ds’
Nior = /n(s,t)ds.

Here p = 0.915 g/ml is adipose tissue density (2).

Numerical solution of partial differential equation

We solved the following discrete version of our model, given as continuous
partial differential equations. The discrete weight gain model of Eq. (1) is

n(si, tj_|_1) = n(si, tj) + (5tbéi,0 + 575[’1}(82'_1, tj)n(si_l, tj) - ’U(Si, tj)n(si, tj)]
—|—(5tD[n(si_1, tj) + TL(SZ‘_H, tj) — QTL(SZ‘, tj)] — 5tk(8i)H(§ — 50)?7,(82', tj)

with time interval §¢t=0.01 week and size interval s = s; — s;_1 =0.73 pm.
Here the Kronecker delta d;0 gives 1 only if i=1, otherwise 0. Next the
discrete alternative weight loss model of Eq. (5) is

n(si, 1) = n(si, t;) + 6tfo(siv1, tj)n(siv1, ;) — visi, tj)n(si, t;)]
+(5tD[7’L(SZ',1, tj) + n(5i+17 tj) - 2n(5i, tj)] - 5tk:(si)n(si, tj).

Then, the discrete original weight loss model of Eq. (4) is the same with
this discrete form except for k(s;) = 0.

Optimization method

From the initial and final absolute cell-size frequencies, n(s,tp) and n(s,ty),
we deduced model parameters: Z=(b,vp,,S1,M,Su,Mu, N, Dk, sk,ni ) for weight
gain and Z=(v,81,M1,5u,u,A, D) for weight loss. For the alternate models of
weight gain and loss including cell death, we used Z=(b,0,,,81,M1,5u Ty, D k)
and Z=(vp,,Sy,Mp,D,km,Sk,nk), respectively. To optimize these model pa-
rameters, we used a minimization of “cost” quantifying a deviation between
the measured final distribution n(s;,t) and a simulated final distribution
n(s;, ty; @) with a given parameter set Z:

- N
[n(siv tf) - 7’L(Si, tf; :E]Q
FE =
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where [ is the total number of cell size bins. The scale o2 of the cost function
was calculated from the intrinsic fluctuation of experimental data, which
could be defined as the squared deviation between the measured final cell-
size distribution n(s;,ty) and its smoothed function n(s;,ts):

-1
o = [n(si ty) — fi(sits)]”.
i=1
Here we used the Double Exponential Smoothing method (Holt’s method)
(3):
n; = an;+ (1 —a)(i—1 + yi—1)
Yi = b(ﬁl — ?711‘71) + (1 - b)yifla

where for simplicity, we abbreviated n(s;,ty) and 7(s;, ty) as n; and 7,
respectively; initial values are ng = ng and yy = n1 — ng; two constants are
a=0b=0.3.

For the parameter optimization, we used the parallel tempering Monte-
Carlo (MC) method to find the global minimum of the cost function (4).
We set 10 uniformly spaced values (0.1 to 1) for the tempering parame-
ter ©; and ran 10 chains (i=1,2,...,10) in parallel with updating probability
exp|—0,; E(Z;)]. At every 20 steps, we randomly picked two chains of differ-
ent temperatures (©; and ©;) and exchanged their parameter sets (z; and
#;) with probability exp[(©; — ©;)(E; — Ej)|, where E; and E; are E(Z;)
and F(Z;), to find the global minimum of the cost more efficiently. Af-
ter equilibration, we calculated likelihood values of parameters and cost by
averaging the parameters and cost generated by 10° MC steps with a fixed
temperature © = 1. For the model comparison, we used the Bayesian model
probability P(M|D), which estimates how well a model describes given data
(4). The probability can be calculated from the MC simulation with differ-
ent temperatures: for 10 chains, —In P(M|D) = 1/10 Zgl E;, where E;
represents the average cost for each temperature ©;. Note that for this cal-
culation, there is no exchange between MC chains of different temperatures
in contrast to the previous procedure for searching a global minimum of a
cost function. In addition, we used 10° MC steps to determine the model
probability .
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Supplemental Tables
Table S1A. Model parameters for epididymal fat.
TwN TwHF TwE 19wN | 19wHF | 19wE TwHF TwE
+12wN +12wN
b [x10° /week] || 6.6+4.1 | 13.14£2.4 | 8.5+4.4 | 0.440.3 | 6.3+£3.1 | 4.842.8 - -
U [pm/week| || 2.4£0.9 | 2.0£0.2 | 2.240.6 | 1.6+£0.7 | 2.24+0.1 | 2.0£0.1 | -5.0£1.8* | -4.3+1.4*
s; [pm] 26+6 34+1 35+5 35+5 32+2 30£2 | 229404 23+1
M [pm] 10+8 1941 19+2 1641 18+1 17+1 6+1 6+1
Sy [pm] 68+18 94+3 93+3 82+5 97+7 93+6 58+8 68+10
My [pm] 28421 50+£2 51+£2 41+£15 53+4 53+4 33£16 32+19
A 4.2+1.1 | 5.940.7 | 6.2+1.5 | 3.1£1.2 | 6.2+0.7 | 5.841.1 | 1.7+0.7 24+1.0
Epm [week 1] - - - - 1.440.2 | 1.3+0.2 - -
Sk [pm] - - - - 183+6 | 176+15 - -
M [pm] - - - - 325+29 | 282455 - -
Se [pm] - - - - 126+3 | 120+£6 - -
D [pm? /week] 1147 1641 1542 11+£3 1441 1541 543 8+5
E (cost) 8.3£6.5 | 3.0£0.6 | 2.9£0.7 | 5.3£1.1 | 3.6£0.6 | 3.2£0.8 | 5.4%1.5 4.7£1.2

Summarized are model parameters depending on diet: recruitment rate b,
= vy /4[1 + tanh((s — s;)/m)][A — tanh((s —
Su)/Mu)], death rate k(s)H (5 — §.) with k(s) = ky,/2[1 + tanh((s — sg)/nx)],
and fluctuation rate D. Abbreviations of diet are 7-week normal diet (7wN),
7-week high-fat diet (7wHF'), 7-week Ensure diet (TwE), 19-week normal
diet (19wN), 19-week high-fat diet (19wHF), 19-week Ensure diet (19wE),
7-week high-fat diet plus 12-week normal diet (7wHF+12wN), and 7-week
Ensure diet plus 12-week normal diet (7wE+12wN). Note that cell death
parameters are only in long-term high-fat diet (19wHF and 19wE), and re-
cruitment parameters are not necessary under the weight loss (TwHF+12wN
and TwE+12wN). Mean + SD of parameter values are calculated from six
likelihood parameter values (N=6); the likelihood parameter value for a
given sample is obtained from 10° Monte-Carlo steps starting from the most
likelihood parameter set giving the minimal cost. *The minus sign represents
cell shrinkage, opposite to growth.

growth /shrinkage rate v(s)
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Table S1B. Model parameters for inguinal fat.
TwN TwHF Twk 19wN | 19wHF 19wE TwHF Twk
+12wN | +12wN
b [x10° /week] || 4.543.0 | 17.54£8.3 | 9.745.3 | 0.64+0.2 | 9.3+4.9 | 3.8+1.9 - -
Upy [pm/week] || 2.3£0.5 | 2.240.4 | 1.940.5 | 0.8+0.5 | 1.940.4 | 1.7+0.2 | -5.1£7.4 | -2.24+2.4
sy [pm] 2341 25+2 30+£6 30£5 31+4 3243 29+10 28+9
m [pm] 8+2 1343 16+3 16+1 18+1 1742 5+1 5+1
Sy [pm] 62+9 T7T£18 88+£8 68+13 88+5 9448 65£26 6724
My [pm] 28+12 41417 4642 38+11 5044 51+1 36+24 42422
A 3.2+0.7 | 4.9£1.5 | 5.5£0.7 | 2.9£0.7 | 5.8¢£0.8 | 4.9+0.7 | 3.0+1.4 | 3.5%+1.1
Em [week 1] - - - - 1.44+0.3 | 1.440.3 - -
Sk [pm] - - - - 178416 | 192422 - -
Mg [pm] - - - - 271£79 | 261£63 - -
Se [pm] - - - - 106+4 105+1 - -
D [pm? /week] 9+4 1243 15+1 9+7 14+1 | 15.940.3 13+4 11+2
E (cost) 54+1.3 | 5.5+1.0 | 5.5£2.5 | 4.1£0.9 | 3.6+£0.5 | 3.9+0.7 | 3.7+£0.8 | 4.3+1.3
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Table S1C. Model parameters for retroperitoneal fat.
TwN TwHF Twk 19wN | 19wHF 19wE TwHF Twk
+12wN | +12wN
b [x10°/week] || 0.340.2 | 6.343.0 | 4.842.3 | 0.44+0.4 | 2.94+2.1 | 4.1+2.6 - -
U [pm/week] || 1.44+0.4 | 2.1£0.4 | 2.3+£0.4 | 1.1+0.7 | 1.6£0.9 | 1.240.8 | -3.6£2.5 | -4.6+£1.4
sy [pm] 33+8 3242 3144 33+5 3145 33+4 23+1 22.64+0.5
m [pm] 16+3 19+1 19+2 1742 16+3 18+1 5+1 5+1
Sy [pm] 83£13 94+3 96+3 73+£19 | 86£11 89+6 60£19 73+19
My [pm] 4848 48+1 49+1 41418 4846 52+6 36+18 35+20
A 4.441.1 | 6.1£0.6 | 6.2£1.0 | 3.64+1.6 | 5.0£1.9 | 5.3+1.2 | 2.9+1.3 | 2.44+0.6
Em [week 1] - - - - 1.6+0.2 | 1.7+£0.5 - -
Sk [pm] - - - - 183421 | 168419 - -
Mg [pm] - - - - 251470 | 287+14 - -
Se [pm] - - - - 123+7 12243 - -
D [pm? /week] 1543 15+1 1442 1543 13+1 | 14.6+0.5 9+2 1143
E (cost) 4.841.4 | 3.1+£0.8 | 3.0+£0.7 | 4.84+1.4 | 3.5+0.8 | 3.2+1.1 | 5.44+1.6 | 5.3+1.1
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Table S1D. Model parameters for mesenteric fat.
TwN TwHF Twk 19wN 19wHF 19wE TwHF Twk
+12wN | +12wN
b [x10° /week] || 2.844.6 | 5.14+2.8 | 6.243.8 | 0.5+0.5 | 12.24+21.9 | 10.5+17.3 - -
Uy [pm/week] || 2.0£0.6 | 1.94£0.7 | 2.1+£0.5 | 1.9+1.4 | 2.3+0.2 1.740.7 | -9.6+£4.9 | -9.4+3.2
sy [pm] 31+£9 31+£7 33+£8 2945 2943 3245 23+1 2441
m [pm] 1343 16+6 1943 1345 1842 1843 6+1 6.24+0.4
Sy [pm] 73£23 | 81£18 9342 65411 95412 89+4 4247 4747
My [pm] 37422 | 40+18 5142 28422 4944 5445 20415 1546
A 3.7£1.4 | 4.6+0.8 | 6.2+1.1 | 2.24+1.2 | 6.8£0.3 6.1+0.4 1.44+0.3 | 1.7+0.5
Em [week 1] - - - - 1.740.3 1.840.3 - -
Sk [pm] - - - - 198424 18148 - -
Mg [pm] - - - - 232+£80 279+54 - -
Se [pm] - - - - 112411 111+£13 - -
D [pm? /week] 9+7 1245 15+2 7+6 14+1 14+1 1243 443
E (cost) 6.5+7.7 | 4.7+2.0 | 4.0+£2.1 | 7.248.0 | 4.0+1.2 3.741.0 | 4.841.1 | 4.440.8
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Table S2. Model parameters for an alternative model of prolonged

weight gain.

10

epididimal inguinal retroperitoneal mesenteric
19wHF 19wE 19wHF 19wE 19wHF 19wE 19wHF 19wE
b [x10° /week] || 6.043.8 | 4.443.1 || 10.247.3 | 2.94£1.0 || 2.0+1.5 | 4.0+£3.1 || 14.74£29.7 | 14.3426.2
Up [pm/week] || 1.6£0.3 | 1.5+0.3 || 2.0+£0.2 | 1.4+0.3 || 1.6+0.8 | 1.1£0.5 2.0£0.5 1.5+0.6
sy [pm] 35£3 33+4 3244 34£2 3245 33£3 33+5 33+£6
m [pm] 19+3 18+2 18+3 18+2 16+£2 17+£3 18+4 20£3
Sy [pm] 9249 95+13 90£12 86+4 86+13 88+4 101+£8 97412
Ny [pm] 53£5 52+£5 4745 51£5 4349 4346 52+11 5449
A 5.7£0.7 | 5.4+1.0 || 4.6+£1.0 | 4.6+0.9 || 3.1£1.7 | 4.2£1.1 5.6£0.6 5.3£1.5
Em [week 1] 0.7£0.3 | 0.5+0.3 || 0.8+£0.3 | 0.4+0.2 || 1.5£1.0 | 1.6£0.8 0.5+0.2 0.9£0.3
S [pm] 126£3 | 11946 110+£5 105£2 12447 | 12544 108+13 113£11
D [pm? /week] 16+1 1612 14+£2 17+1 13+4 15+1 161 16+£3
E (cost) 3.4£04 | 3.6+1.1 || 3.8+£0.5 | 4.1+0.7 || 3.5£0.6 | 3.3£1.1 4.6+1.6 4.14+1.2
In[P(M;|D) 0.60 1.23 0.92 0.99 0.11 -0.19 1.00 0.79
/P(Ms|D)] +0.42 +0.80 +0.27 +0.54 +0.69 +0.24 +0.56 +0.57
P value 0.018 0.026 <0.001 0.015 0.708 0.156 0.007 0.036

The alternative model (Model 2) assumes size-independent cell death un-
der prolonged high-fat and Ensure diet, while the original model (Model
1) assumes size-dependent cell death. Bayesian model comparison is per-
formed, and each model probability for a given data is calculated as log
values of relative model probabilities (see the Supporting Material for the
detail of the calculation). Here P value represents paired Student’s t-test
between two model probabilities.
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Table S3. Model parameters for an alternative model of diet
switch from high-fat to normal.
epididimal inguinal retroperitoneal mesenteric
TwHF TwE TwHF TwE TwHF TwE TwHF TwE
+12wN | +12wN | +12wN | +12wN || +12wN | +12wN +12wN | +12wN
Up [pm/week] || 1.140.5 | 1.44+0.7 | 0.7£0.5 | 0.8+£0.4 || 1.6+0.8 | 2.24+0.8 1.0+0.6 | 2.14+0.6
Sy [pm] 29+4 2843 3343 3345 3046 3149 30+4 28+2
My [um] 6+1 6+1 6+1 5.84+0.5 5+1 6+1 6+1 5+1
Em [week 1] 0.3+0.2 | 0.3£0.1 || 0.7+0.5 | 0.34+0.3 || 0.8¢0.9 | 0.24+0.1 0.8£0.9 | 1.0£1.1
Sk [pm] 59423 | T2+29 88+48 | 112421 || 60440 | 103+41 64434 33+13
Mg [pm] 57459 | 152498 || 1884125 | 284+40 || 98+107 | 265+£112 || 1284105 | 34£17
D [pm? /week] 7+3 8+7 13+4 1245 10+4 13+5 11+6 5+4
E (cost) 6.4+1.8 | 5.6+1.4 || 3.7+1.4 | 4.741.7 || 5.4+1.1 | 5.64+1.0 || 5.7+1.2 | 5.44+1.1
In[P(M;|D) 3.25 2.61 0.59 0.63 1.85 0.69 1.51 3.30
/P(M3|D)] +0.34 +1.14 +1.99 +1.50 +1.22 +0.63 +1.47 +1.09
P value < 0.001 | 0.002 0.503 0.349 0.014 0.043 0.053 0.001

The alternative model (Model 2) assumes simpler size-dependent cell growth,
v(s) = v, /2[1+tanh((s —s,)/ny)], and includes cell death, k(s) = ky, /2[1 —
tanh((s — sg)/mk)], differently form the original model (Model 1). Bayesian
model comparison is performed, and each model probability P(M; 2|D) for
a given data is calculated as log values of relative model probabilities. Here
P value represents paired Students t-test between two model probabilities.
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Supplemental Figures
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Fig. S1. Linear relationship between body fat mass and fat pad mass. Epi-
didymal, inguinal, retroperitoneal, mesenteric, and brown fat mass is linear
except for long-term high-fat and the Ensure diet. Each symbol represents
individual mice: 3 months old, male, C57BL/6 mice (Control), after 7-week
normal diet (7wN), 7-week high-fat diet (TwHF'), 7-week Ensure diet (7TwE),
19-week normal diet (19wN), 19-week high-fat diet (19wHF), 19-week En-
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and 7-week Ensure diet plus 12-week normal diet. For the linear regression,
data of Control, 7wN, 7TwHF, and TwE are used because the linear relation
between fat pad mass and body fat mass was used to estimate fat pad mass

at week 7.
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Fig. S2. Adipose cell-size distributions in epididymal, inguinal, retroperi-
toneal, and mesenteric fat under different diet. (A) Relative frequencies
of adipose cell diameters at initial time (control), after 7-week normal diet
(TwN), and after 7-week high-fat diet (7wHF) are plotted. (B) The ones
after 19-week normal diet (19wN), after 19-week high-fat diet (19wHF'), and
after 7-week high-fat plus 12-week normal diet (TwHF+12wN). (C) Based
on these relative frequencies of cell size and fat pad mass, volume-weighted
mean cell size (hypertrophy index) and total cell number (hyperplasia in-
dex) are estimated. N=6. Their absolute values are summarized in Table
1. Note that the total cell number is counted from adipose cells of which
diameter is larger than 25 pm.
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Fig. S3. Adipose tissue growth under 7-week normal and high-fat diets.
Size-dependent growth rates of adipose cells are deduced from changes of
cell-size distributions in (A) retroperitoneal and (B) mesenteric fat under
normal (ND) and high-fat diets (HFD). The plotted growth rates are mean
results estimated from likelihood values of six mice (Tables S1C and S1D).
Changes of adipose cell-size distribution for (C) retroperitoneal and (D)
mesenteric fat under normal and high-fat diets in a representative mouse
among six mice are predicted by the mathematical model. Here the most
likelihood initial cell-size distributions and model parameters are used (see
Methods and Supporting Material for detail). Note that absolute frequencies
of adipose cell size are estimated by using measured relative frequencies
of adipose cell size and mass of dissected fat depots. Measured final cell-
size distributions are expressed with the plus symbol (+). Based on the
model predictions of cell-size distribution, time trajectories of tissue mass,
volume-weighted mean cell size, and total cell number are estimated for (E)
retroperitoneal and (F) mesenteric fat (N=6).
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Fig. S4. Adipose tissue growth under 19-week high-fat diet. Size-dependent
growth and death rates in two models are deduced from changes of cell-size
distributions in (A) retroperitoneal and (B) mesenteric fat (N=6; Tables
S1C and S1D). Changes of adipose cell-size distribution for (C) retroperi-
toneal and (D) mesenteric fat under prolonged high-fat diet in a represen-
tative mouse among six mice are predicted by two mathematical models.
For the initial cell-size distributions at week 7 after high-fat diet and model
parametes, the most likelihood values are used. Measured final cell-size
distributions are expressed with the plus symbol (+). Based on the
model predictions of cell-size distribution, time trajectories of tissue mass,
volume-weighted mean cell size, and total cell number are estimated for (E)
retroperitoneal and (F) mesenteric fat (N=6).
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Fig. S5. Adipose tissue shrinkage under switch to 12-week normal diet
after 7-week high-fat diet. Size-dependent shrinkage and death rates in two
models are deduced from changes of cell-size distributions in (A) retroperi-
toneal and (B) Mesenteric fat (N=6; Tables S1C and S1D). Note that cell
death is absent in the Model 1. Changes of adipose cell-size distribution
for (C) retroperitoneal and (D) mesenteric fat under the diet switch in a
representative mouse among six mice are predicted by two mathematical
models. For the initial cell-size distributions at week 7 after high-fat diet
and model parametes, the most likelihood values are used. Measured fi-
nal cell-size distributions are expressed with the plus symbol (+). Here
shrunken cells below the minimal diameter 25 pm are removed. Based on the
model predictions of cell-size distribution, time trajectories of tissue mass,
volume-weighted mean cell size, and total cell number are estimated for (E)
retroperitoneal and (F) mesenteric fat (N=6).



