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Abstract

The purpose of this preliminary study was to investigate changes in plasma concentrations of zinc-

α2-glycoprotein (ZAG), a lipid mobilizing hormone, in obese subjects following Roux-En-Y 

Gastric Bypass (RYGB) surgery or a very low calorie diet (VLCD). Fasting blood concentrations 

and anthropometric measurements were measured pre and 12 weeks post intervention. 14 healthy, 

obese individuals underwent either RYGB (N=6) surgery or a VLCD (N=8). Body composition 

and fasting plasma ZAG concentrations were measured at baseline (pre) and 12 weeks post 

intervention (post). At pre-intervention baseline, there was no difference in plasma ZAG between 

the two intervention groups. Post-intervention, there was a significant overall reduction (F(1,11) = 

32.8, p<0.001) in plasma ZAG, which was significant only within the RYGB group from pre to 

post intervention (33.2 ± 5.7 μg/ml to 26.7 ± 4.8 μg/ml (p<0.015)) and significantly greater than 

the change within the VLCD group. The change in ZAG was inversely correlated across groups 

with BMI reduction (r= −0.60, p<0.05), % body fat reduction (r= −0.68, p<0.015), reduction in 

weight (r= −0.58, p<0.05), and % weight loss (r= −0.70, p<0.05). Overall, subjects who underwent 

RYGB or VLCD had a significant reduction in plasma ZAG. This reduction was significant within 

the RYGB group alone, who lost a larger amount of weight than the VLCD group, which suggests 

that ZAG may have a protective effect during marked weight loss.
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Introduction

Over one third of the United States population is obese (BMI >30 kg/m2) [1]. Bariatric 

surgery is a relatively effective long-term treatment for obesity [2] especially Roux-en-Y 
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Gastric Bypass (RYGB) [3]. Weight loss following RYGB is due to restriction and possibly 

malabsorption, [4] but the specific biological mechanisms are not well understood.

Zinc-α2-glycoprotein (ZAG) is a 41-kDa protein, which was first isolated from human 

plasma in 1961 [5]. ZAG shares the same structure as a lipid mobilizing factor [6] that is 

over-expressed in many different cancer types and has been associated with the rapid weight 

loss in cancer patients [7]. ZAG is secreted by adipocytes [8] in the white adipose tissue 

(WAT) and utilizes the G-protein coupled β3-adrenoreceptor to activate adenylate cyclase, 

form cyclic AMP (cAMP), activate protein kinase A (PKA), and induce lipolysis [9,10]. 

Russell et al. [11] found that ZAG induced both adipose triglyceride lipase (ATGL) and 

hormone sensitive lipase (HSL) expression. HSL is also regulated through the cAMP 

pathway and PKA [12]. The up-regulation of HSL results in increased lipolysis. ZAG also 

up-regulates the amount of uncoupling protein 1 (UCP-1) [13] in brown adipose tissue, 

which may increase lipid utilization to produce heat.

Plasma levels of both ZAG and ZAG mRNA are significantly lower in obese patients than 

lean controls, [14] which may reduce lipid mobilization and utilization in the obese [15]. 

ZAG is inversely correlated with body mass index (BMI), body weight, body fat percentage, 

and fat mass [16,17]. Genetically obese ob/ob mice that were given ZAG intravenously or 

intraperitoneally, lost weight [10,18] and body fat [11]. In this study, we examined plasma 

ZAG concentrations pre and post two weight loss interventions, RYGB or a very low calorie 

diet (VLCD), and we hypothesized that ZAG would increase with weight loss.

Materials and methods

Design

During the period from December 30th, 2010 through October 9th, 2012, 14 severely obese 

subjects (BMI = 43.34 ± 3.32 kg/m2) were recruited from individuals seeking weight loss 

treatment at St. Luke’s-Roosevelt Hospital, New York, NY from a larger study. Candidates 

for RYGB at the Center for Bariatric Surgery and Metabolic Disease were enrolled in the 

surgical group (N=6, male/female: 0/6), and candidates, matched for BMI were enrolled in 

the VLCD group (N=8, male/female: 2/6). The IRB at St. Luke’s-Roosevelt Hospital Center 

and at Columbia University Medical Center approved the study, and the participants gave 

informed consent. The study was registered with Clinical Trials Registry number, 

NCT01583725.

Participants

Candidates were eligible if they were between ages 18 and 65, had a BMI between 35 and 

50, and were approved to undergo RYGB or receive a VLCD. Candidates with current use of 

prescribed medications, smokers, and those exercising greater than 5 hours/week were 

excluded. Those with previous abdominal surgery or current significant health problems, i.e., 

endocrine disorders, cancer, heart, kidney, thyroid, gastrointestinal, liver disease, and anemia 

(Hct <30%) also were excluded.
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Study protocol

All subjects were assessed pre- and 12-week post-intervention. The VLCD provided 1012 

kcal (0.86 kcal/mL, 45% protein, 38% carbohydrate, 17% fat by energy) per day from the 

combination of five packets of Procal-100 (R-Kane, Pennsauken, New Jersey, USA) and 

1182 mL of low fat (1% fat content) milk. Subjects were placed on this formula diet for 12 

weeks, and attended individual weekly nutritional and behavioral sessions and received 

packets at no cost.

Prior to each experimental visit, participants were asked to consume a 500 kcal liquid meal 

(1 kcal/mL, 18% protein, 40% carbohydrate, 42% fat) of Glytrol (Nestle Health Sciences, 

Lutry, Switzerland) at 8 PM during the evening and to consume no other foods or drinks 

apart from water until they arrived at the laboratory at 8 AM the following morning. Upon 

arrival, height was measured to the nearest cm with a stadiometer (Detecto Scales Inc, 

Brooklyn, NY). Weight and body fat mass were measured to the nearest 0.1 kg by 

bioelectrical impedance (TBF 300a; Tanita Corporation, Itabashi-Ku, Tokyo, Japan). A 

blood sample was collected from the median cubital vein in the non-dominant arm by 

venipuncture and placed in EDTA tubes, and cold centrifuged (3000 RPM) at 4°C for 15 

min to obtain plasma samples. Samples were stored at −80°C until assayed for ZAG with an 

ELISA kit (BioVendor Laboratories, Brno, Czech Republic., with an intra-assay variation of 

0.60–3.89%.

Statistical analysis

SPSS version 22 (IBM, Armonk, NY, USA) was used for data analysis. Homogeneity of 

variance was tested by Levine’s test. Possible covariates such as age, gender, BMI reduction, 

fat loss, weight loss, percent body fat loss, and time between assessments were tested using 

univariate ANCOVA, and only age was a significant covariate for the change in ZAG. When 

the overall F from the ANCOVA was significant, post-hoc t tests were used to identify 

specific differences. Scatterplots and regression lines were plotted, and Pearson correlation 

coefficients were calculated between ZAG, body weight, % weight loss, % fat loss, and 

BMI. Two-tailed p values <0.05 were considered significant. A power analysis was not 

performed due to participants being a subset from a subject pool participating in a larger 

study.

Results

Subject characteristics

There were no significant baseline differences between groups other than fat mass (Table 1). 

Both groups showed significant changes in BMI, weight, fat mass, and fat percentage pre to 

post intervention. Weight decreased more in the RYGB group, 27.3 ± 3.5 kg, than in the 

VLCD group, 13.4 ± 1.3 kg (t(12) = 6.3, p = 0.001). Similarly, % weight loss was 

significantly greater in the RYGB group, 21.2 ± 1.7 %, than in the VLCD group, 11.2 

± 1.0 % (t(12) = 8.0, p < 0.001) as was loss of fat mass 21.3 ± 4.4 kg vs. 8.7 ± 1.8 kg (t(10) 

= 5.3, p < 0.05) and reduction in % body fat, 7.9 ± 1.4 % vs., 2.8 ± 1.3 % (t(10)= 9.0, 

p<0.05). At baseline, there were no significant correlations between ZAG and BMI, body 

weight, fat mass, % body fat or age.
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Effect of intervention type on plasma ZAG level

A repeated measures ANCOVA with age as a covariate showed a significant time x 

treatment interaction (F(1,11)=32.8, p<0.001). A post hoc t test showed a significant 

decrease in plasma ZAG within the RYGB group (33.2 ± 2.3 μg/ml to 26.7 ± 1.9 μg/ml 

(p<0.015)), and a non-significant increase within the VLCD group (33.1 ± 2.1 μg/ml to 34.9 

± 2.0 μg/ml) (p=0.23, ns), resulting in a significant difference between groups (p<0.01). 

Further analysis showed that the change in ZAG was negatively correlated across groups 

with BMI reduction (r=−0.60, p <0.05), % body fat reduction (r= −0.68, p<0.015), weight 

loss (r= −0.58, p<0.05) and % weight loss (r= −0.70, p<0.05) (Figure 1). Additionally, the 

change in plasma ZAG within the VLCD group was negatively correlated with the body fat 

mass reduction (r= −0.84, p<0.05 and % body fat reduction (r= −0.82, p<0.05). A univariate 

ANCOVA controlling for age showed that the difference in ZAG concentration between 

groups could not be accounted for by change in fat mass, weight loss, time between 

assessments, or BMI, when entered individually as covariates.

Discussion

In this study, we examined ZAG plasma concentrations in two groups of severely obese 

subjects undergoing two different weight loss interventions. Across groups, there was a 

significant reduction in ZAG, but the reduction in ZAG was significant within the RYGB 

group but not in the VLCD group.

In previous studies, ZAG correlated with BMI and other body composition measures. Selva 

et al. [14] reported that ZAG negatively correlated with BMI while Gong et al. [17] found 

ZAG negatively correlated with BMI, waist circumference, hip circumference, percentage of 

body fat, and fat mass. We did not find any significant correlations between baseline body 

composition and ZAG. These findings may be due to our relatively small sample within a 

restricted high BMI range. Age was found to be a significant covariate for the change in 

ZAG following the intervention although age did not correlate significantly with ZAG at 

baseline and did not differ between groups. Hirai et al. [10] found that in vitro 
administration of high concentrations of human lipid mobilizing factor (derived from the 

urine of cancer patients) to human adipocytes, led to down-regulation of lipolysis. This 

down-regulation may help achieve oxidative balance by utilizing fatty acids to meet the 

body’s energy demands.

Those in the RYGB group had a significant decrease in ZAG, whereas in the VLCD group, 

only those who lost a substantial amount had a decrease in ZAG. There may be a threshold 

at which ZAG is down-regulated, as those undergoing RYGB lost more weight than those 

receiving VLCD. Previous studies found that VLCD’s led to reduced adipocyte size, [19] 

and this size reduction may also affect adipokine secretion [20]. Rossmeislova et al. [19] 

observed a reduction of adipokines and cytokines following VLCD and low calorie diets but 

did not examine ZAG. Ge et al. [21] studied ZAG following weight loss and weight loss 

with aerobic exercise over a six-month time period. They showed a non-significant increase 

in ZAG in both groups with a 8% reduction in body weight in both groups [21]. These 

results are similar to our VLCD group, which also showed a non-significant increase in ZAG 

following a 11.2% decrease in weight.
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RYGB results in markedly lower food intake, which leads to rapid weight loss within the 

first few months resulting in a semi-starvation state. However, long-term energy needs still 

need to be met, and ZAG may be down-regulated to protect adipocyte function during this 

period. Ceperuelo-Mallafre et al. [22] treated adipocytes with ZAG, which resulted in 

glucose intake by upregulation of GLUT-1 and GLUT-4 receptors. Interestingly, this study 

also found a paradoxical inhibition of insulin though PP2A activation [22]. While we cannot 

correlate ZAG to insulin levels in our study, it is possible that the reduction in ZAG 

following RYGB may result in decreased insulin resistance and investigating this 

relationship would be an area for future research. A better understanding of the protective 

mechanisms involved in weight loss could aid in developing more effective long-term 

weight loss treatments. A limitation of this study is the small number of subjects, and larger 

additional studies are needed. Another limitation is that other hormones involved in the 

regulation of metabolism were not measured and compared with ZAG. In summary, we have 

shown in a preliminary study that ZAG plasma levels change following weight loss 

intervention, with a significant decrease of plasma ZAG in RYGB patients.

Acknowledgments

We would thank Ping Zhou for her help with the assays.

Funding

Funding was from NIH Grant R01DK080153 (A.G.).

References

1. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of obesity in the United States, 2009–2010. 
NCHS Data Brief. 2012:1–8.

2. Buchwald H, Avidor Y, Braunwald E, Jensen MD, Pories W, et al. Bariatric surgery: a systematic 
review and meta-analysis. JAMA. 2004; 292:1724–1737. [PubMed: 15479938] 

3. Attiah MA, Halpern CH, Balmuri U, Vinai P, Mehta S, et al. Durability of Roux-en-Y gastric bypass 
surgery: a meta-regression study. Ann Surg. 2012; 256:251–254. [PubMed: 22584693] 

4. Tadross JA, le Roux CW. The mechanisms of weight loss after bariatric surgery. Int J Obes (Lond). 
2009; 33(Suppl 1):S28–32. [PubMed: 19363504] 

5. Burgi W, Schmid K. Preparation and properties of Zn-alpha 2-glycoprotein of normal human 
plasma. J BiolChem. 1961; 236:1066–1074.

6. Todorov PT, McDevitt TM, Meyer DJ, Ueyama H, Ohkubo I, Tisdale MJ. Purification and 
characterization of a tumor lipid-mobilizing factor. Cancer Res. 1998; 58:2353–2358. [PubMed: 
9622074] 

7. Mracek T, Stephens NA, Gao D, Bao Y, Ross JA, et al. Enhanced ZAG production by subcutaneous 
adipose tissue is linked to weight loss in gastrointestinal cancer patients. Br J Cancer. 2011; 
104:441–447. [PubMed: 21245862] 

8. Gao D, Trayhurn P, Bing C. Macrophage-secreted factors inhibit ZAG expression and secretion by 
human adipocytes. Mol Cell Endocrinol. 2010; 325:135–142. [PubMed: 20595026] 

9. Russell ST, Hirai K, Tisdale MJ. Role of beta3-adrenergic receptors in the action of a tumour lipid 
mobilizing factor. Br J Cancer. 2002; 86:424–428. [PubMed: 11875710] 

10. Hirai K, Hussey HJ, Barber MD, Price SA, Tisdale MJ. Biological evaluation of a lipid-mobilizing 
factor isolated from the urine of cancer patients. Cancer Res. 1998; 58:2359–2365. [PubMed: 
9622075] 

11. Russell ST, Tisdale MJ. Studies on the antiobesity effect of zinc-α2-glycoprotein in the ob/ob 
mouse. Int J Obes (Lond). 2011; 35:345–354. [PubMed: 20697416] 

Morse et al. Page 5

Integr Obes Diabetes. Author manuscript; available in PMC 2018 January 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



12. Lampidonis AD, Rogdakis E, Voutsinas GE, Stravopodis DJ. The resurgence of Hormone-
Sensitive Lipase (HSL) in mammalian lipolysis. Gene. 2011; 477:1–11. [PubMed: 21241784] 

13. Sanders PM, Tisdale MJ. Effect of zinc-alpha2-glycoprotein (ZAG) on expression of uncoupling 
proteins in skeletal muscle and adipose tissue. Cancer Lett. 2004; 212:71–81. [PubMed: 
15246563] 

14. Selva DM, Lecube A, Hernandez C, Baena JA, Fort JM, et al. Lower zinc-alpha2- glycoprotein 
production by adipose tissue and liver in obese patients unrelated to insulin resistance. J Clin 
Endocrinol Metab. 2009; 94:4499–4507. [PubMed: 19622624] 

15. Bing C, Mracek T, Gao D, Trayhurn P. Zinc-α2-glycoprotein: an adipokine modulator of body fat 
mass? Int J Obes (Lond). 2010; 34:1559–1565. [PubMed: 20514048] 

16. Mracek T, Ding Q, Tzanavari T, Kos K, Pinkney J, et al. The adipokine zinc-alpha2- glycoprotein 
(ZAG) is downregulated with fat mass expansion in obesity. Clin Endocrinol (Oxf). 2010; 72:334–
341. [PubMed: 19549246] 

17. Gong FY, Zhang SJ, Deng JY, Zhu HJ, Pan H, Li NS, et al. Zinc-alpha2- glycoprotein is involved 
in regulation of body weight through inhibition of lipogenic enzymes in adipose tissue. Int J Obes 
(Lond). 33:1023–1030. 209. 

18. Russell ST, Zimmerman TP, Domin BA, Tisdale MJ. Induction of lipolysis in vitro and loss of 
body fat in vivo by zinc-alpha2-glycoprotein. Biochim Biophys Acta. 2004; 1636:59–68. 
[PubMed: 14984739] 

19. Rossmeislová L, Mališová L, Kračmerová J, Štich V. Adaptation of human adipose tissue to 
hypocaloric diet. Int J Obes (Lond). 2013; 37:640–650. [PubMed: 22641066] 

20. Skurk T, Alberti-Huber C, Herder C, Hauner H. Relationship between adipocyte size and adipokine 
expression and secretion. J Clin Endocrinol Metab. 2007; 92:1023–1033. [PubMed: 17164304] 

21. Ge S, Ryan AS. Zinc-α2-glycoprotein expression in adipose tissue of obese postmenopausal 
women before and after weight loss and exercise + weight loss. Metabolism. 2014; 63:995–999. 
[PubMed: 24929893] 

22. Ceperuelo-Mallafre V, Ejarque M, Duran X, Pachon G, Vazquez-Carballo A, Roche K, et al. Zinc-
alpha2-Glycoprotein Modulates AKT-Dependent Insulin Signaling in Human Adipocytes by 
Activation of the PP2A Phosphatase. PLoS One. 2015; 10:e0129644. [PubMed: 26068931] 

Morse et al. Page 6

Integr Obes Diabetes. Author manuscript; available in PMC 2018 January 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Scatter plots and regression lines for the change in (A) plasma ZAG concentrations and (B) 

% weight loss, (C) % body fat loss, and (D) reduction in BMI in subjects who underwent 

RYGB or VLCD.

Across groups, change in plasma ZAG concentrations was inversely correlated with % 

weight loss (r= −0.70, p<0.05), amount of weight loss (r= −0.58, p<0.05), % body fat loss 

(r= −0.68, p<0.015), and reduction in BMI (r= −0.60, p<0.05). Note that above a certain 

threshold of weight loss, ZAG begins to decrease for those in the VLCD group.
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Table 1

Body composition parameters of study participants from pre-intervention (Pre) to 12 weeks post-intervention 

(Post) in subjects who underwent RYGB surgery or a VLCD. Values represent means ± standard deviation.

RYGB VLCD

Pre Post Pre Post

Age 44.2 ± 11.7 41.0 ± 9.5

BMI (kg/m2) 44.8 ± 3.3 35.1 ± 4.0*** 42.3 ± 3.2 37.8 ± 4.6***

Weight (kg) 127.0 ± 15.0 99.8 ± 8.1*** 119.9 ± 12.2 106.5 ± 11.2***

Fat Mass (kg) 66.5 ± 11.4 45.2 ± 4.4** 54.1 ± 5.9a 45.5 ± 6.8**

Fat Percentage (%) 52.3 ± 1.7 44.3 ± 3.7** 46.3 ± 6.9 43.5 ± 6.7

ZAG (μg/ml) 33.2 ± 5.7 26.7 ± 4.8* 33.1 ± 6.1 34.9 ± 5.6a

*
p <0.05 change from baseline condition

**
p< 0.01 change from baseline condition

***
p ≤ 0.001 change from baseline condition

a
p< 0.05 difference between change in ZAG following RYGB and VLCD
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