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Effect of dietary changes from high-fat
diet to normal diet on breast cancer
growth and metastasis

seung hwa Park ©, InKyung Jung ©, and Jung-Hyun Kim ®

Department of Physical Education, Chung-Ang University, Seoul 06974, Korea

ABSTRACT

Purpose: It has been previously reported that breast tumor incidence, growth, and metastasis
are stimulated by high-fat diet but reduced by caloric restriction. However, few studies have
elucidated the effects of dietary change from a high-fat diet after breast cancer initiation.
Therefore, in this study, we attempted to provide practical assistance to breast cancer
prevention and management by investigating the effects of dietary change from a high-fat
diet to normal diet on breast cancer growth and metastasis.

Methods: The experimental animals were divided into 2 groups (high-fat diet control [HFC]
group and diet restriction [DR] group) and consumed a high-fat diet for 8 weeks. 4T1 cells
were transplanted into subcutaneous fat or tail vein to measure the growth and metastasis of
breast cancer. The HFC and DR groups continuously ingested either high-fat diet or AIG-93G
diet for 5 weeks or 3 weeks, respectively. Cell proliferation and apoptosis markers from tumor
tissues were analyzed by Western blot analysis. The data were analyzed using the SPSS 25.0
package program.

Results: The results show that the DR group significantly reduced breast tumor initiation,
growth, and tumor tissue weight compared to the HFC group. The DR group suppressed
tumor growth by decreasing proliferation and inducing apoptosis through down-regulation
of Bcl-xL and up-regulation of caspase-3 activity. Furthermore, the DR group significantly
reduced numbers of metastasized tumors in lung tissues.

Conclusion: These results suggest that dietary change from a high-fat diet to normal diet
decreased breast growth by reducing cell proliferation and inducing apoptosis and metastasis.
Taken together, these results indicate that dietary change to a low-fat and balanced diet might
suppress breast tumor growth and metastasis even after tumor diagnosis.

Keywords: breast cancer, high-fat diet, apoptosis, metastasis
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A
Adaptation period
(-1~0 week)
\ | | | | | | | | | | | | | |
[ [ [ [ [ [ [ [ [ [ [ [ [ [ |
0 week 8 week 13 week
471 cell injection Termination of
Grouping (2 groups) into mammary fat pad experiment
HFC: high fat diet >
DR: high fat diet » Normaldiet ——————>
B
Adaptation period
(-1~0 week)
\ | | | | | | | | | | | |
[ [ [ [ [ [ [ [ [ [ [ [ |
0 week 8 week 11 week
Grouping 4T1 cell injection Termination of
(2 groups) through tail vein experiment
i: HFC: high fat diet >
DR: high fat diet > Normal diet ——

Fig. 1. Experimental study design. After 1 week of adaptation, 8-week-old Balb/c mice were fed a high-fat diet for
8 weeks, and then 4T1 mouse mammary tumor cells were transplanted into their mammary fat pads (1 x 10%) (A)
or injected into tail vein (5 x 10%). After tumor cell injection (B), DR group was fed a normal diet and HFC group
was continuously fed a high-fat diet until the experiments ended (n =10 per group).

HFC, high-fat diet control; DR, diet restriction.
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Table 1. Ingredients of the experimental diets (g/kg diet)

Ingredient Normal diet” High-fat diet
Corn starch 397.5 -
Dextrin 132 116.4
Sucrose 100 77.4
Casein, lactic 200 200
Cellulose 50 50
Soybean oil 70 25
Lard - 245
Mineral mix? 35 10
Dicalcium phosphate - 13
Calcium carbonate - 585
Potassium citrate - 16.5
Vitamin mix® 10 10
Choline bitartrate 2.5 2
L-cystine 3 3
Leucrose -

H,0 - 16.5
Total amount (kg) 1 1
Energy (kcal/kg) 4 5.243

YAll amounts were based on an AIN-93G diet. ?Mineral mix: calcium carbonate (35.7%), potassium phosphate
monobasic (25.0%), potassium citrate monohydrate (2.8%), sodium chloride (7.4%), potassium sulfate (4.66%),
magnesium oxide (2.43%), ferric citrate (0.606%), zinc carbonate (0.165%), manganous carbonate (0.063%),
cupric carbonate (0.031%), potassium iodate (0.001%), sodium selenite (0.001%), ammonium paramolybdate
(0.001%), sodium metasilicate (0.145%), chromium potassium sulfate (0.028%), lithium chloride (0.002%),
boric acid (0.008%), sodium fluoride (0.006%), nickel carbonate hydroxide tetrahydrate (0.003%), ammonium
vanadate (0.001%), and sucrose (20.95%). ¥Vitamin mix: nicotinic acid (0.3%), calcium pantothenate (0.16%),
pyridoxine-HCl (0.06%), riboflavin (0.06%), folic acid (0.02%), D-biotin (0.002%), vitamin B12 in 0.1% mannitol
(0.25%), DL-a-tocopherol acetate, 500 1U/g (1.50%), retinol palmitate, 500,000 IU/g (0.08%), vitamin D3
(50,000 1U/g) (0.02%), vitamin K (0.007%) and sucrose (97.47%).

fetal bovine serum (Gibco; Thermo Fisher Scientific, Waltham, MA, USA), 1% penicillin strepto-
mycin (WelGENE, Daegu, Korea), 1% non-essential amino acid (WelGENE)7} Z &l Roswell
Park Memorial Institute 1640 (Wel GENE) B X &- 0|85} A|t}] vjFat i th A EHAd S (pri-
mary tumor) < -F-5}7] 935l 4T1 M EE trypsin % 2|5t TA|Zo] JE 2 THE & mam-
mary fat pad©ll 1x10*7] & 1] 5} FAFSHI T}, 3, FHFete] Aol & f-=o17] 91sh 4 el =
I 2 Balb/c mouse®] A2 FSAIA S FHAR T, 5% 1071] 411 M| ZE 212

2 &5l Ao Azt

St Al A HE £

o] A= FFol A& S Al S Foke A2 smw ol & WE 7|Eo B ANt
stth fete] Bul = wyo] 2|3 A (Mitutoyo, Kawasaki, Japan) & ©]-&5t0] 5 23] &
ol 714 71 A\ 53 71 B A5 S0, 5|5 SAZ Aelo7] 915h 2| ZelA
1mmE #jaL A| &2 Attt ¥ Rl = 43w 324 2.2 Al4tsk T [17).

A= A

Sk 5 5%, FUL Aol 37 ¥ 24 AAS o) AUEBE WA 1A (sofhe
rane) 2 WHHAIZ] & FF, gH v, A = A 22 S 2S5k X2 phosphate
buffer saline= &S A 713t & A WA 2 22 A AL 7] o] FAIE SA 56U
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Table 2. Effects of high fat diet on body and organs weights in Balb/c mice injected with 4T1 cells

Variables Categories Primary tumor Metastasis
HFC DR HFC DR
Body weight (g) Initiation 17.72 + 0.62 17.75 + 0.55 18.78 + 0.32 19.09 + 0.25
Before tumor injection 21.28 +1.50 21.32 +1.06 21.42 + 0.76 921.65 + 0.42
Termination 19.85 £1.29 20.60 + 0.29 21.85 + 0.68 292.22 + 0.38
Organs weight (g) Liver 1.10 + 0.05 0.90 + 0.04" 0.87 + 0.04 0.85 + 0.05
Spleen 0.59 = 0.03 0.32 + 0.02* 0.26 = 0.04 0.21+0.03
Perirenal fat 0.23 +0.04 0.82 = 0.23" 0.92 + 0.22 0.86 + 0.14

Data are shown as mean + SD. HFC and DR represent diet change from 8 weeks of high fat diet to normal diet.
HFC, high-fat diet control; DR, diet restriction.
*p < 0.05.
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Fig. 2. Effects of DR on breast tumor latency (A), growth (B), and tumor weight (C) using primary tumor model. Mice were fed the high-fat diet for eight weeks
then tumor cells were transplanted into the mice. After transplantation, the mice were fed either high-fat diet or normal diet (n = 10 per group). (A) After
inoculation with 1 x 10* 4T1 cells, latency was calculated as the time for the injected tumor cells to reach a size of 8 mm?. (B) Tumor volume was measured twice
a week and calculated until they reached 1,000 mm?®. (C) Tumor weight was measured after termination of experiments. Values are presented as the mean =
standard error of the mean. HFC and DR represent diet change from 8 weeks of high fat diet to normal diet.

HFC, high-fat diet control; DR, diet restriction.
*p < 0.05.
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Fig. 3. Effect of DR on tumor cell proliferation and apoptosis using primary tumor tissues. Tumor tissues from the 2 groups were used to measure PCNA, Bcl-2,
Bcl-xL, Bax, and caspase-3 expression via Western blot. B-actin was detected as a loading control. HFC and DR represent diet change from 8 weeks of high fat
diet to normal diet.

PCNA, proliferating cell nuclear antigen; HFC, high-fat diet control; DR, diet restriction.

*p < 0.05.
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Fig. 4. Effect of DR on breast tumor metastasis on lung tissue. Mice were fed the high-fat diet for eight weeks
then 5 x 10° 4T1 cells were injected into the tail vein. After metastasis, the mice were fed either high-fat diet or
normal diet for 3 weeks and then experiment was terminated (n =10 per group). (A) Lung tissues were stained
with India black ink. (B) Number of metastasized breast tumor was calculated. (C) Total metastasized breast
tumor volumes were calculated. HFC and DR represent diet change from 8 weeks of high fat diet to normal diet.
HFC, high-fat diet control; DR, diet restriction.

*p < 0.05.
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