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Summary
Aims: We	assessed	 the	 potential	 efficacy	 and	 safety	 of	 propagermanium	 (PG),	 an	
organic	compound	that	inhibits	the	C–C	chemokine	receptor	type	2,	administration	
in	 patients	with	 type	 2	 diabetes	 and	 nephropathy.	 Furthermore,	we	 assessed	 the	
feasibility of future studies.
Materials and methods: We recruited patients from nine medical institutions in 
Japan	for	this	randomized,	open-label,	parallel	two-arm	pilot	trial.	Inclusion	criteria	
were	diagnosis	of	 type	2	diabetes,	 age	30-75	years,	dipstick	proteinuria	of	≥1+	or	
urinary	 albumin-to-creatinine	 ratio	 (UACR)	of	≥30	mg/g	 and	estimated	glomerular	
filtration	rate	of	≥30	mL/min/1.73	m2.	Patients	were	randomly	assigned	(1:2)	using	a	
minimization algorithm to either continuing usual care or concomitant administration 
of	30	mg	PG	per	day	for	12	months.	The	primary	outcome	was	the	change	in	UACR	
from baseline to 12 months. We also collected safety information for all patients who 
received	at	least	one	dose	of	PG.
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1  | BACKGROUND

Type	 2	 diabetes	 with	 albuminuria/proteinuria	 is	 associated	 with	
high rates of renal and cardiovascular morbidity and mortality. 
Treatments	for	diabetic	nephropathy	(diabetic	kidney	disease),	which	
include controlling blood glucose and blood pressure with angioten-
sin-converting	enzyme	 inhibitors	or	angiotensin	 receptor	blockers,	
have been proven to be effective and are recommended for reducing 
renal and cardiovascular risks.1	The	 renoprotective	and	cardiopro-
tective	 actions	 of	 renin-angiotensin	 system	 (RAS)	 inhibitors	 have	
been	attributed,	 in	part,	 to	 their	albuminuria-/proteinuria-lowering	
effects.2 However, some patients remain at risk of the development 
and progression of renal and cardiovascular diseases, which has 
been suggested to be related to the presence of high albuminuria/
proteinuria.2-5

Treatment	options	that	target	other	pathways	involved	in	the	
development and progression of diabetic nephropathy are re-
quired for further reducing renal and cardiovascular risk in this 
patient population. Recent research has revealed, in studies on 
both patients and animals, monocyte chemoattractant protein 
(MCP)-1	 (also	 referred	 to	 as	 C–C	 chemokine	 ligand	 2)	 to	 be	 im-
portant in the progression of diabetic nephropathy and has been 
indicated the potential of this protein as a marker of renal dis-
ease.6-12	Biologically,	MCP-1	plays	 important	 roles	 in	 chronic	 in-
flammatory kidney disease through interaction with its receptor, 
C–C	chemokine	 receptor	 type	2	 (CCR2),	which	promotes	mono-
cyte and macrophage migration and activation.13 Propagermanium 
(PG;	3-oxygermylpropionic	acid	polymer)	is	an	organic	compound	
that has been approved for the treatment of chronic hepatitis B 
and is currently in use for this purpose in Japan.14 It has been re-
ported	that	PG	acts	as	a	CCR2	inhibitor,	blocking	MCP-1–depen-
dent	monocyte/macrophage	activation	and	chemotaxis.15 On the 
basis of this property, recent studies have investigated the utility 
of	PG	 as	 an	 anti-inflammatory	 drug	 for	 cardiovascular	 and	 renal	
diseases.	Among	these,	preclinical	studies	have	indicated	that	PG	
improves albuminuria/proteinuria in rodent models of diabetes.16 
Although there is accumulating evidence of the clinical utility of 
the	 inhibition	of	CCR2	by	PG,	 its	benefits	 in	human	diabetic	ne-
phropathy remain to be investigated.

This	pilot	study	aimed	to	assess	 the	 feasibility	of	conducting	a	
definitive	trial	of	PG	as	well	as	to	investigate	its	efficacy	and	safety	
for the reduction of albuminuria in patients with type 2 diabetes and 
nephropathy.

2  | METHODS

2.1 | Study design and participants

We recruited patients who were treated at nine medical institu-
tions	 in	 Japan	between	29	May	2014	and	31	March	2016	 for	 this	
randomized,	 open-label,	 parallel	 two-arm	pilot	 trial.	 The	 institutes	
included outpatient clinics of internal medicine as well as second-
ary and tertiary hospitals. Researchers at each institution identified 
potential participants who met the following inclusion criteria: age 
30-75	years,	diagnosis	of	 type	2	diabetes	17 5 years or more prior 
to	 study	 participation,	 dipstick	 proteinuria	 ≥	 1+	 (corresponding	 to	
≥300	mg/g	protein),	 or	 urinary	 albumin-to-creatinine	 ratio	 (UACR)	
of	 ≥30	 mg/g,	 estimated	 glomerular	 filtration	 rate	 (eGFR;	 calcu-
lated	 using	 the	 equation	 in	 the	 ‘Procedures’	 section)	 of	 ≥30	 mL/
min/1.73 m2,	baseline	glycated	haemoglobin	 (HbA1c)	of	≤10%	and	
baseline	body	mass	index	(BMI)	of	19-40	kg/m2.

Exclusion	 criteria	were	positive	 for	hepatitis	B	 surface	 antigen	
or	antibodies	to	hepatitis	C	virus;	severe	liver	dysfunction;	jaundice;	
history of arteriosclerosis obliterans, myocardial infarction or stroke 
within 3 months prior to enrolment; pregnancy; or lactating.

This	 trial	 was	 conducted	 in	 accordance	 with	 the	 Declaration	
of Helsinki. An institutional review board in Kanazawa University 
Hospital	 approved	 the	 research	 protocol	 (No.	 5682).	 All	 patients	
provided written informed consent before starting the trial.

2.2 | Randomization

Participants	were	randomly	assigned	to	the	usual	care	or	PG	group	
using	 computer-generated	 randomization.	 An	 unequal	 randomi-
zation	of	1:2	was	chosen	to	 increase	the	data	 relating	 to	PG	ad-
ministration.	Following	central	randomization	at	the	independent	

Results: We enrolled 29 patients, 10 were assigned to continue usual care and 19 to 
receive	PG.	Changes	in	UACR	by	PG	in	addition	to	the	usual	care	were	25.0%	(95%	
CI	−20.4%,	96.5%,	P	=	.33).	No	severe	adverse	events	or	renal	events	were	observed	
during the study.
Conclusion: Although	the	treatment	with	PG	was	generally	well	tolerated,	the	dosage	
of 30 mg/d for 12 months did not reduce albuminuria when used in addition to usual 
care	in	patients	with	type	2	diabetes	and	nephropathy.	Efficacy	of	PG	should	be	veri-
fied in future definitive trials.
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data	 centre,	 participants	 were	 stratified	 by	 baseline	 UACR	
(30-300	mg/g	 and	 ≥	 300	mg/g)	 and	 baseline	 eGFR	 (30-60	mL/
min/1.73 m2	 and	≥	60	mL/min/1.73	m2).	The	data	centre	used	a	
minimization algorithm to maintain balance among the two groups 
with	respect	to	the	baseline	UACR	and	eGFR	ranges.	Participants	
and all study personnel were not blinded to treatment allocation. 
We	obtained	PG	 from	Sanwa	Kagaku	Kenkyusho	Company,	 Ltd.	
(Nagoya)	supplied	as	capsules	in	bottles	labelled	appropriately	for	
the trial.

2.3 | Procedures

After randomization, blood and urine specimens were collected 
at	baseline	and	at	the	1,	3,	6,	9,	and	12	month	visits.	Urinary	albu-
min was measured using nephelometric immunoassay, and creati-
nine	was	measured	 using	 an	 enzymatic	method.	 Serum	 creatinine	
and	urea	nitrogen	were	measured	at	baseline	and	at	1,	3,	6,	9	and	
12	 months,	 whereas	 urinary	 MCP-1	 was	 measured	 by	 SRL,	 Inc	
(Tokyo,	 Japan)	 at	 baseline	 and	 at	 12	 months	 using	 quantitative	
enzyme-linked	 immunosorbent	 assay	 and	 expressed	 as	 urinary	
MCP-1-to-creatinine	 ratio.	 Serum	 creatinine	 levels	 were	 used	 to	
calculate	eGFR	using	the	following	equation	for	Japanese	patients:	
eGFR	(mL/min/1.73	m2)	=	194	×	serum	creatinine−1.094	×	age−0.287 (if 
female,	×	0.739).18

We	measured	HbA1c	 and	C-reactive	 protein	 (CRP)	 at	 baseline	
and	 at	 1,	 3,	 6,	 9	 and	 12	months.	 For	 participants	 assigned	 to	 the	
PG	 group,	 plasma	 concentrations	 of	 PG	were	 measured	 at	 1	 and	
12	months	using	 liquid	 chromatography-mass	 spectrometry	 in	 the	
pharmaceutical	technology	laboratory	of	Sanwa	Kagaku	Kenkyusho	
Co.,	Ltd.	(Inabe).

Safety	was	evaluated	at	baseline	and	at	1,	3,	6,	9	and	12	months	
by	assessing	adverse	events	and	laboratory	data.	Serious	adverse	
events were defined as any adverse event that resulted in death, 
was immediately life threatening, required hospital admission, re-
sulted in persistent or substantial disability or incapacity, was a 
birth defect, or was an important event that might heavily jeop-
ardize the participants or require intervention to prevent any of 
the above.

We assessed treatment adherence on the basis of interview at 
each	study	visit	as	well	as	from	plasma	PG	concentrations	measured	
at	1	and	12	months.	In	order	to	assess	the	potential	efficacy	of	PG,	
changes in the dosage of simultaneously administered drugs includ-
ing	RAS	inhibitors,	statins	and	antiplatelet	agents	were	basically	not	
permitted during the study period.

2.4 | Outcomes

The	outcomes	of	 this	 trial	were	 the	number	of	 recruited	patients,	
retention	rate	and	safety	of	the	intervention.	The	primary	efficacy	
end-point	 was	 the	 change	 in	 UACR	 from	 baseline	 at	 12	 months.	
Secondary	end-points	included	the	changes	from	baseline	of	eGFR,	

serum	 urea	 nitrogen,	 HbA1c,	 total	 cholesterol,	 CRP	 and	 urinary	
MCP-1-to-creatinine	ratio	at	12	months.

2.5 | Statistical analysis

Outcomes are reported descriptively and narratively. We assessed 
safety data for all participants who received at least one dose of the 
study drug. Analyses were based on comparison between the usual 
care	and	PG	groups	and	reported	as	raw	count	(number,	%)	for	each	
event.

Since	 this	was	 a	 pilot	 study,	 a	 sample	 size	 calculation	was	 not	
performed. We aimed for a total of 30 participants because this was 
considered reasonable for evaluation of the practicalities of imple-
menting the intervention in daily clinical practice. We performed 
preliminary	efficacy	analysis	on	the	intention-to-treat	population;	all	
assigned	participants	were	included	in	statistical	analysis.	The	analy-
sis	used	a	mixed-effects	model	to	estimate	the	change	from	baseline	
to	each	post-baseline	measurement	of	log	UACR	using	the	statistical	
package	SPSS,	version	24	(IBM)	or	Stata/MP	14.2	(STATA	Corp.).	The	
model included treatment, visit and each baseline value as covari-
ates.	The	UACR	values	were	log-transformed	prior	to	analysis	to	re-
duce	data	skew.	Changes	in	UACR	were	calculated	as	the	ratio	of	the	
geometric	mean	of	UACR	measurements	after	randomization	in	the	
PG	group	compared	to	those	in	the	usual	treatment,	and	the	same	
calculation	was	applied	to	the	95%	confidence	intervals	(CIs).

Intergroup	 differences	 were	 compared	 with	 two-sided	 signifi-
cance level of 0.05. We used similar statistical models to assess dif-
ferences	in	other	efficacy	variables	such	as	eGFR,	HbA1c	and	CRP.	
The	 change	 in	 urinary	MCP-1-to-creatinine	 ratio	 from	 baseline	 to	
12 months was estimated using a multivariable regression model ad-
justed	for	baseline	MCP-1.

Concomitant	 drugs	 including	 RAS	 inhibitors,	 calcium	 channel	
blockers,	 glucose-lowering	 drugs	 and	 lipid-modifying	 drugs	 were	
summarized for each treatment group.

The	 study	 was	 registered	 with	 UMIN-CTR,	 number	
UMIN000004779.

2.6 | Role of the funding source

The	 study	 was	 overseen	 by	 the	 Hokuriku	 Clinical	 Research	
Supporting	 Center.	 The	 data	 centre	 of	 the	 innovative	 clinical	 re-
search centre of Kanazawa University managed and handled all data. 
The	statistical	department	of	the	centre	was	involved	in	the	analy-
sis of data. All authors had access to study results, and the lead au-
thor takes responsibility for the accuracy and completeness of the 
data	reported.	The	lead	author	had	the	final	decision	to	submit	the	
publication.

This	 study	 was	 supported	 by	 a	 Grant-in-Aid	 for	 Scientific	
Research	from	the	Japan	Society	for	the	Promotion	of	Science	(JSPS	
KAKENHI)	Grant	number	26893095.	Although	the	study	drug	was	
provided	 by	 the	 Sanwa	Kagaku	Kenkyusho	Co.,	 Ltd,	 the	 company	
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had no role in the design of the study; collection, analysis, or inter-
pretation of data; writing of the report; or the decision to submit the 
article for publication.

3  | RESULTS

3.1 | Background of the study population

Enrolment	began	in	May	2014	and	was	completed	in	March	2016.	In	
total, 30 patients were identified as candidates; of which, 29 were 
enrolled,	and	1	was	excluded	due	to	BMI	<	19	kg/m2.	Ten	patients	
were	assigned	 to	usual	 care	and	19	 to	 the	PG	group.	One	patient	
assigned	to	PG	group	withdrew	consent	at	3	months	because	of	dif-
ficulties	accessing	our	institution.	Finally,	28	of	the	29	patients	com-
pleted	the	total	of	12	months	of	the	study	(Figure	1).

Baseline demographics, clinical and biochemical characteristics, 
and	concomitant	drugs	were	similar	between	the	groups	 (Table	1).	
The	median	UACR	at	baseline	was	not	markedly	different	between	
the two groups.

3.2 | Change in albuminuria

Figure	 2	 shows	 the	 course	 of	 log	 UACR	 over	 the	 12	 months.	
Changes	in	UACR	by	PG	in	addition	to	the	usual	care	were	25.0%	
(95%	 CI	 −20.4%,	 96.5%)	 and	 were	 not	 significantly	 different	
(P	=	.33).

3.3 | Other outcomes

Changes	in	eGFR,	HbA1c,	serum	urea	nitrogen,	CRP,	serum	choles-
terol	and	urinary	MCP-1	were	not	statistically	different	between	the	
two	groups	(Table	2).

3.4 | Safety

The	 study	 drug	 was	 generally	 well	 tolerated	 (Table	 3).	 Adverse	
events were consistent with age and underlying medical conditions 
of	the	study	population.	Serious	adverse	events	including	end-stage	
renal failure requiring dialysis therapy and death were not observed 
during	the	study	period	in	PG	group.

With regard to treatment adherence, the median plasma con-
centrations	of	PG	at	1	and	12	months	after	starting	the	drug	were	
8.73	 ng/mL	 (0-47.80)	 and	 14.10	 ng/mL	 (0-52.88),	 respectively.	 In	
contrast,	 although	19	patients	 assigned	 to	 the	PG	group	declared	
their	 adherence	at	each	visit,	plasma	PG	concentrations	at	both	1	
and	12	months	were	lower	than	the	limit	of	detection	(5.00	ng/mL)	
in three participants.

4  | DISCUSSION

Although	we	 found	 PG	 to	 be	 generally	well	 tolerated	 by	 patients	
with type 2 diabetes with nephropathy and severe adverse events 
were not observed, a dosage of 30 mg/d did not decrease albumi-
nuria	over	 the	12	months	of	 the	 study.	To	 the	best	of	our	knowl-
edge,	this	is	the	first	clinical	trial	to	use	PG	in	patients	with	diabetic	
nephropathy.

Recent advances in the understanding of the pathophysiology 
of diabetic nephropathy have focused on inflammatory pathways 
as therapeutic targets.13,19,20	Among	these,	the	MCP-1/CCR2	path-
way has attracted particular interest because this pathway has 
been demonstrated to be associated with renal function decline. 
Furthermore,	inhibition	of	MCP-1	and	CCR2	has	been	shown	to	ame-
liorate	renal	function	and	pathological	development	in	experimental	
models of diabetic nephropathy.13,16	 The	 anti-inflammatory	 com-
pound	PG	was	developed	and	has	been	authorized	for	use	in	Japan.	
Clinically,	this	drug	has	been	used	for	the	treatment	of	chronic	hep-
atitis B, and its mechanism of action is known to involve activation 

F I G U R E  1  Flow	diagram	of	trial	
enrolment.	Abbreviations:	BMI,	body	mass	
index;	PG,	propagermanium

30 patients identified and submitted 

29 patients randomly assigned to treatment

1 ineligible due to BMI too low

10 assigned to usual care 19 assigned to 30 mg PG

18 completed 12 mo10 completed 12 mo

1 withdrew consent 
at 3 mo
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TA B L E  1   Baseline characteristics of the study population

Total (n = 29) Usual care (n = 10) PG (n = 19)

Demographic and clinical characteristics

Age	(years) 64	(57-67) 63	(59-67) 64	(54-67)

Men 22	(76) 7	(70) 15	(79)

BMI	(kg/m2) 27.0	(24.6-28.8) 25.8	(24.2-28.9) 27.0	(25.3-28.9)

Known	duration	of	diabetes	(years) 15	(8-20) 16	(11-20) 13	(8-20)

Systolic	blood	pressure	(mmHg) 136	(121-149) 137	(118-151) 131	(122-148)

Diastolic	blood	pressure	(mmHg) 78	(73-85) 79	(67-86) 78	(76-84)

White	blood	cells	(×103/mm3) 6.50	(5.63-7.15) 6.35	(5.79-6.90) 6.61	(5.50-8.30)

Haemoglobin	(g/dL) 13.9	(12.9-15.4) 13.9	(12.6-14.6) 13.9	(12.8-15.6)

Platelet	(×104/mm3) 23.0	(20.6-27.4) 24.6	(20.8-34.0) 22.9	(20.0-25.5)

Serum	urea	nitrogen	(mg/dL) 14.9	(12.4-22.2) 21.1	(13.5-24.8) 13.7	(11.8-21.3)

Serum	creatinine	(mg/dL) 0.90	(0.70-1.25) 0.87	(0.63-1.50) 0.90	(0.73-1.14)

eGFR	(mL/min/1.73	m2) 66.9	(41.1-82.9) 69.7	(36.8-91.8) 66.9	(50.7-75.0)

Uric	acid	(mg/dL) 6.0	(5.3-6.8) 5.7	(5.3-6.7) 6.0	(5.4-6.8)

AST	(U/L) 21	(17-25) 20	(15-22) 21	(19-27)

ALT	(U/L) 22	(14-49) 16	(13-28) 28	(15-57)

γGTP	(U/L) 37	(23-47) 33	(20-56) 40	(24-48)

Serum	albumin	(g/dL) 4.4	(4.0-4.6) 4.5	(4.4-4.7) 4.3	(3.8-4.5)

HbA1c	(%) 7.1	(6.6-8.1) 6.8	(6.6-7.2) 7.6	(6.6-8.3)

Total	cholesterol	(mg/dL) 170	(160-211) 207	(164-211) 168	(158-209)

CRP	(mg/dL) 0.04	(0.02-0.18) 0.04	(0.01-0.06) 0.06	(0.03-0.35)

UACR	(mg/gCr) 229	(105-747) 470	(106-690) 192	(55-1078)

Urinary	MCP-1-to-creatinine	ratio	(pg/mg) 285.3	(200.0-482.8) 304.8	(240.4-487.8) 280.3	(197.4-499.8)

Drug treatment

Drugs used in diabetes

Biguanides 8	(28) 3	(30) 5	(26)

α-glucosidase	inhibitors 5	(17) 3	(30) 2	(11)

Thiazolidinediones 9	(31) 4	(40) 5	(26)

Sulfonylureas 9	(31) 1	(10) 8	(42)

Insulin and its analogs 8	(28) 4	(40) 4	(21)

DPP4 inhibitors 23	(79) 9	(90) 14	(74)

SGLT2	inhibitors 2	(7) 0 2	(11)

Statins 22	(76) 6	(60) 16	(84)

Antihypertensives

ACE	inhibitors 3	(10) 1	(10) 2	(11)

Angiotensin receptor blockers 21	(72) 8	(80) 13	(68)

Calcium	channel	blockers 22	(76) 8	(80) 14	(74)

Othersa  2	(7) 2	(20) 0

Drugs used in cardiovascular diseases

Antiplatelets 7	(24) 4	(40) 3	(16)

Note: Data	are	expressed	as	median	(interquartile	range)	or	n	(%).
Abbreviations:	ALT,	alanine	aminotransferase;	and	ACE,	angiotensin-converting	enzyme;	AST,	aspartate	aminotransferase;	BMI,	body	mass	index;	
CRP,	C-reactive	protein;	DPP4,	dipeptidyl	peptidase	4;	eGFR,	estimated	glomerular	filtration	rate;	HbA1c,	glycated	haemoglobin;	MCP-1,	monocyte	
chemoattractant	protein-1;	PG,	propagermanium;	SGLT2,	sodium	glucose	cotransporter	2;	UACR,	urinary	albumin-to-creatinine	ratio;	γGLT,	gamma	
glutamyl transpeptidase.
aOthers include an alpha blocker and a thiazide diuretic. 
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of	cytotoxic	T	cells	and	NK	cells,	leading	to	the	destruction	of	cells	
infected with the hepatitis B virus.14 As a secondary effect, the in-
hibition	of	MCP-1/CCR2	by	PG	has	been	reported	recently.15	Since	
then,	 the	efficacy	of	PG	 for	 the	 treatment	of	 inflammation	of	 the	
kidney, liver and brain 21-25; diabetes 26,27; and nephropathy16 has 
been reported in animal models. On the basis of these biological ef-
fects, this pilot study assessed the feasibility and potential efficacy 
of	CCR2	inhibition	by	PG	in	terms	of	albuminuria	as	well	as	HbA1c	
and	CRP	levels	in	patients	with	type	2	diabetes	and	nephropathy.

In the present study, there was no difference in the change in 
albuminuria	between	participants	who	received	PG	and	those	who	
received usual care. Other than the small sample size of this pilot 
study,	this	observation	may	be	explained	by	the	fact	that,	although	
the	standard	dose	of	PG	used	for	adult	patients	with	chronic	hepa-
titis B is generally 30 mg/d,14 this dose may be insufficient to inhibit 
CCR2	in	the	context	of	diabetes	in	humans.	Treatment	adherence	of	
participants	assigned	to	the	PG	group	may	not	have	been	sufficient,	
as	 indicated	by	plasma	PG	concentrations,	which	were	 lower	 than	

the limit of detection for some patients. Participants assigned to the 
usual	care	group	exhibited	good	self-management	and	treatment	ad-
herence,	 as	 indicated	 by	 baseline	 characteristics	 such	 as	BMI	 and	
HbA1c	(Table	1).

During the study period, the results of related randomized clin-
ical	 trials	 performed	 in	 European	 countries	 and	 the	United	 States	
were	 reported.	 One	 trial	 reported	 that	 CCX140-B	 induced	 a	 sig-
nificant	 reduction	 in	 albuminuria	 of	 between	 10%	 and	 16%	when	
used	concomitantly	with	RAS	inhibitors.28	This	effect	persisted	for	
4 weeks after cessation of administration, suggesting nonhemody-
namic effects.28 Another trial was involving administration of a dual 
CCR2/5	antagonist,	PF-04634817,	to	patients	with	macroalbumin-
uria	demonstrating	a	placebo-adjusted	reduction	 in	UACR	of	8.2%	
at week 12.29	In	contrast,	SGLT2	inhibitors	and	GLP-1	receptor	ag-
onists have been recommended for the treatment of diabetic ne-
phropathy in daily clinical settings.1	These	drugs	are	known	to	have	
antihypertensive and antialbuminuric effects, through mechanisms 
that appear to be independent of glycaemia.1 Among those in the 

F I G U R E  2  Time	course	of	albuminuria.	
Abbreviations:	CI,	confidence	interval;	PG,	
propagermanium;	UACR,	urinary	albumin-
to-creatinine	ratio

Usual care Propagermanium
P value 
vs 
placebon

Least-squares mean 
(95%CI) n

Least-squares mean 
(95%CI)

eGFR	(mL/
min/1.73 m2)

10 2.17	(−3.22,	7.56) 19 −0.70	(−4.63,	3.24) .41

HbA1c	(%) 10 0.18	(−0.05,	0.42) 19 0.23	(0.06,	0.40) .76

Serum	urea	nitrogen	
(mg/dL)

10 −0.50	(−3.02,	2.03) 19 0.41	(−1.43,	2.24) .58

T-Chol.	(mg/dL) 10 −0.64	(−15.95,	
14.68)

18 8.78	(−2.72,	20.29) .35

CRP	(mg/dL) 10 −0.20	(−0.29,	−0.11) 17 −0.12	(−0.19,	−0.05) .21

Urine	MCP-1	(pg/
mgCr)

9 70.56	(−178.4,	
319.5)

16 183.1	(−3.2,	369.5) .46

Note: Data	are	expressed	as	least-squares	mean	(95%	confidence	intervals).
Abbreviations:	95%CI,	95%	confidence	interval;	CRP,	C-reactive	protein;	eGFR,	estimated	
glomerular	filtration	rate;	MCP-1,	monocyte	chemoattractant	protein-1;	T-Chol.,	total	cholesterol;	
UACR,	urinary	albumin-to-creatinine	ratio.

TA B L E  2  Change	from	baseline	to	
12 months according to treatment group
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present study, the number of participants who used this class of 
drugs	was	relatively	small.	These	findings	suggest	that,	if	SGLT2	in-
hibitors	 and	GLP-1	 receptor	 agonists	were	more	widely	 used,	 the	
requirement	for	CCR2	inhibitors	may	change.	Therefore,	the	collec-
tion of more clinical information and identification of biomarkers to 
predict	benefit	from	CCR2	inhibitors	in	addition	to	current	standard	
of care may be warranted.

In this study, there was no difference in HbA1c level, a sec-
ondary	end-point,	between	the	PG	group	and	usual	care	groups.	A	
previous randomized trial involving patients with type 2 diabetes 
reported	that	administration	of	a	CCR2	antagonist,	JNJ-41443532,	
resulted	in	decreased	levels	of	weighted-mean	and	fasting	plasma	
glucose over 28 days of treatment.30 However, although the ho-
meostasis	 model	 assessment	 of	 insulin	 resistance	 (HOMA-IR)	
tended to decrease, the change from baseline to day 28 was not 
statistically significant. Another trial involving patients with type 
2 diabetes and nephropathy reported that changes in HbA1c, fast-
ing	plasma	insulin	and	HOMA-IR	in	response	to	a	CCR2	inhibitor,	
CCX140-B,	were	 not	 significant	 compared	with	 the	 response	 to	
the placebo.28	Taken	 together,	 these	data	suggest	 that	CCR2	 in-
hibitors might be beneficial for patients with glycaemia and insulin 
resistance, but further studies are required, as has been indicated 
previously.24,31

We	found	the	30	mg	dosage	of	PG	to	be	generally	well	toler-
ated when administered for 12 months, and no clinically meaning-
ful	 treatment-related	vital	 signs	data	or	 laboratory	abnormalities	
including	 liver	 function	 test	 were	 observed.	 The	 PG	 concentra-
tions at 1 and 12 months were within the range reported in previ-
ous studies.32 In the current datasheet, the supplier has reported 
that	caution	should	be	taken	in	as	the	use	of	PG	in	patients	with	
chronic hepatitis B may cause worsening of hepatitis.32	This	may	
become an issue for future definitive trials because patients with 
chronic infectious diseases including not only hepatitis B virus in-
fection but also tuberculosis, which are still prevalent especially in 
Asia,	will	have	to	be	excluded.

The	 present	 study	 has	 some	 limitations	 that	 should	 be	 ac-
knowledged.	First,	we	did	not	assess	the	number	of	patients	who	
were	 initially	screened	at	each	 institution.	This	prevents	us	from	
assessing the ease of recruitment and thus the potential enrolment 
for	future	trials.	Second,	this	is	a	pilot	study	with	small	sample	size	
examining	the	feasibility	of	using	PG	to	treat	diabetic	nephropathy	
in patients with type 2 diabetes; we cannot evaluate the efficacy 
of	PG	with	sufficient	statistical	power.	Third,	the	dosage	of	PG	was	
30	mg/d	only;	the	appropriate	dose	of	PG	for	diabetic	nephropa-
thy	remains	unknown.	Fourth,	evaluation	of	treatment	adherence	
for	PG	may	have	been	insufficient.	Although	we	interviewed	par-
ticipants at each visit and measured the serum concentration of 
PG	at	1	and	12	months,	we	have	no	direct	and	convincing	evidence	
of	CCR2	inhibition	at	the	systemic	and	renal	 levels.	Although	we	
evaluated	urinary	MCP-1	concentration	as	a	candidate	biomarker	
of the severity of diabetic nephropathy,12 monitoring of pharma-
cological	 inhibition	 of	 CCR2	may	 be	 required	 to	 further	 investi-
gate	 the	 efficacy	 of	 PG	 in	 future	 definitive	 trials.	Despite	 these	
limitations,	this	pilot	study	provides	suggestive	evidence	that	PG	
can be safely administered to patients with type 2 diabetes and 
nephropathy under certain conditions.

In	 summary,	we	demonstrate	 that	 the	 administration	of	PG	 as	
a treatment for type 2 diabetes with nephropathy is generally tol-
erated, although a dose of 30 mg/d for 12 months does not reduce 
albuminuria	when	used	in	addition	to	usual	care.	The	use	of	PG	as	
a therapeutic modality for diabetic nephropathy as well as type 2 
diabetes requires further investigation, which may elucidate the po-
tential	role	of	CCR2.
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TA B L E  3   Adverse events in the study population

Usual care 
(n = 10)

PG 
(n = 19)

Quick to fatigue 0 1	(5)

Diarrhoea 0 1	(5)

Peripheral numbness 0 1	(5)

Dizziness 1	(10) 0

Oedema of lower legs 0 2	(11)

Varices of lower legs 1	(10) 0

Foot	ulcer 0 1	(5)

Cough 1	(10) 0

Upper respiratory infection 3	(30) 3	(16)

Iron deficiency anaemia 0 1	(5)

Note: Data	are	presented	as	n	(%).
Abbreviation:	PG,	propagermanium.



8 of 8  |     HARA et Al.

DATA AVAIL ABILIT Y S TATEMENT
The	data	that	support	the	findings	of	this	study	are	available	from	
the corresponding author, upon reasonable request.

ORCID
Akinori Hara  https://orcid.org/0000-0002-0399-1474 

R E FE R E N C E S
	 1.	 Care	M.	Standards	of	medical	care	in	diabetes-2020.	Diabetes Care. 

2020;43:S1-S224.
	 2.	 Wada	T,	Shimizu	M,	Toyama	T,	Hara	A,	Kaneko	S,	Furuichi	K.	Clinical	

impact of albuminuria in diabetic nephropathy. Clin Exp Nephrol. 
2012;16:96-101.

	 3.	 Toyama	T,	Furuichi	K,	Ninomiya	T,	et	al.	The	impacts	of	albuminuria	
and	low	eGFR	on	the	risk	of	cardiovascular	death,	all-cause	mortal-
ity,	and	renal	events	in	diabetic	patients:	Meta-analysis.	PLoS One. 
2013;8:e71810.

	 4.	 Wada	T,	Haneda	M,	Furuichi	K,	et	al.	Clinical	impact	of	albuminuria	
and glomerular filtration rate on renal and cardiovascular events, 
and	all-cause	mortality	in	Japanese	patients	with	type	2	diabetes.	
Clin Exp Nephrol.	2014;18:613-620.

	 5.	 Yamanouchi	M,	Furuichi	K,	Hoshino	J,	et	al.	Nonproteinuric	versus	
proteinuric phenotypes in diabetic kidney disease: A propensity 
score-matched	analysis	of	a	nationwide,	biopsy-based	cohort	study.	
Diabetes Care.	2019;42:891-902.

	 6.	 Awad	AS,	Kinsey	GR,	Khutsishvili	K,	Gao	T,	Bolton	WK,	Okusa	MD.	
Monocyte/macrophage	 chemokine	 receptor	 CCR2	 mediates	 dia-
betic renal injury. Am J Physiol Physiol.	2011;301:F1358-F1366.

	 7.	 Sayyed	SG,	Ryu	M,	Kulkarni	OP,	et	al.	An	orally	active	chemokine	
receptor	 CCR2	 antagonist	 prevents	 glomerulosclerosis	 and	 renal	
failure in type 2 diabetes. Kidney Int.	2011;80:68-78.

	 8.	 Sullivan	T,	Miao	Z,	Dairaghi	DJ,	et	al.	CCR2	antagonist	CCX140-B	
provides renal and glycemic benefits in diabetic transgenic human 
CCR2	knockin	mice.	Am J Physiol Physiol.	2013;305:F1288-F1297.

	 9.	 Kang	YS,	Lee	MH,	Song	HK,	et	al.	CCR2	antagonism	improves	insu-
lin resistance, lipid metabolism, and diabetic nephropathy in type 2 
diabetic mice. Kidney Int.	2010;78:883-894.

	10.	 Seok	 SJ,	 Lee	 ES,	 Kim	 GT,	 et	 al.	 Blockade	 of	 CCL2/CCR2	 signal-
ling ameliorates diabetic nephropathy in db/db mice. Nephrol Dial 
Transplant.	2013;28:1700-1710.

	11.	 Nam	BY,	Paeng	J,	Kim	SH,	et	al.	The	MCP-1/CCR2	axis	in	podocytes	
is involved in apoptosis induced by diabetic conditions. Apoptosis. 
2012;17:1-13.

	12.	 Wada	T,	Furuichi	K,	Sakai	N,	et	al.	Up-regulation	of	monocyte	che-
moattractant	 protein-1	 in	 tubulointerstitial	 lesions	 of	 human	 dia-
betic nephropathy. Kidney Int.	2000;58:1492-1499.

	13.	 Fernandez-Fernandez	 B,	 Ortiz	 A,	 Gomez-Guerrero	 C,	 Egido	 J.	
Therapeutic	approaches	to	diabetic	nephropathy—beyond	the	RAS.	
Nat Rev Nephrol.	2014;10:325-346.

	14.	 Hirayama	C,	Suzuki	H,	Ito	M,	Okumura	M,	Oda	T.	Propagermanium:	
a nonspecific immune modulator for chronic hepatitis B. J 
Gastroenterol.	2003;38:525-532.

	15.	 Yokochi	S,	Hashimoto	H,	Ishiwata	Y,	et	al.	An	anti-inflammatory	drug,	
propagermanium,	may	target	GPI-anchored	proteins	associated	with	
an	MCP-1	receptor,	CCR2.	J Interferon Cytokine Res.	2001;21:389-398.

	16.	 Kanamori	H,	Matsubara	T,	Mima	A,	et	al.	Inhibition	of	MCP-1/CCR2	
pathway ameliorates the development of diabetic nephropathy. 
Biochem Biophys Res Commun.	2007;360:772-777.

	17.	 Haneda	M,	Noda	M,	Origasa	H,	et	 al.	 Japanese	Clinical	Practice	
Guideline	for	Diabetes	2016.	J Diabetes Investig.	2018;9:657-697.

	18.	 Matsuo	S,	Imai	E,	Horio	M,	et	al.	Revised	equations	for	estimated	GFR	
from serum creatinine in Japan. Am J Kidney Dis.	2009;53:982-992.

	19.	 Shimizu	 M,	 Furuichi	 K,	 Toyama	 T,	 et	 al.	 Long-term	 outcomes	 of	
Japanese	type	2	diabetic	patients	with	biopsy-proven	diabetic	ne-
phropathy. Diabetes Care.	2013;36:3655-3662.

	20.	 Furuichi	 K,	 Shimizu	 M,	 Yuzawa	 Y,	 et	 al.	 Clinicopathological	
analysis	 of	 biopsy-proven	 diabetic	 nephropathy	 based	 on	 the	
Japanese classification of diabetic nephropathy. Clin Exp Nephrol. 
2018;22:570-582.

	21.	 Rao	VH,	Meehan	DT,	Delimont	D,	et	al.	Role	for	macrophage	me-
talloelastase in glomerular basement membrane damage associated 
with Alport syndrome. Am J Pathol.	2006;169:32-46.

	22.	 Kitagawa	 K,	 Wada	 T,	 Furuichi	 K,	 et	 al.	 Blockade	 of	 CCR2	
ameliorates progressive fibrosis in kidney. Am J Pathol. 
2004;165:237-246.

	23.	 Furuichi	 K,	 Wada	 T,	 Iwata	 Y,	 et	 al.	 CCR2	 signaling	 contrib-
utes	 to	 ischemia-reperfusion	 injury	 in	 kidney.	 J Am Soc Nephrol. 
2003;14:2503-2515.

	24.	 Mulder	 P,	 Van	 Den	 Hoek	 AM,	 Kleemann	 R.	 The	 CCR2	 inhibitor	
Propagermanium	 attenuates	 diet-induced	 insulin	 resistance,	 adi-
pose	 tissue	 inflammation	 and	 non-alcoholic	 Steatohepatitis.	PLoS 
One.	2017;12:1-14.

	25.	 He	 S,	 Liu	 R,	 Li	 B,	 et	 al.	 Propagermanium,	 a	 CCR2	 inhibitor,	 at-
tenuates cerebral ischemia/reperfusion injury through inhibit-
ing inflammatory response induced by microglia. Neurochem Int. 
2019;125:99-110.

	26.	 Ito	A,	Suganami	T,	Yamauchi	A,	et	al.	Role	of	CC	chemokine	recep-
tor 2 in bone marrow cells in the recruitment of macrophages into 
obese adipose tissue. J Biol Chem.	2008;283:35715-35723.

	27.	 Tamura	 Y,	 Sugimoto	 M,	 Murayama	 T,	 et	 al.	 C-C	 chemokine	 re-
ceptor	 2	 inhibitor	 improves	 diet-induced	 development	 of	 insu-
lin resistance and hepatic steatosis in mice. J Atheroscler Thromb. 
2010;17:219-228.

	28.	 de	Zeeuw	D,	Bekker	P,	Henkel	E,	et	al.	The	effect	of	CCR2	inhibitor	
CCX140-B	on	residual	albuminuria	in	patients	with	type	2	diabetes	
and nephropathy: a randomised trial. Lancet Diabetes Endocrinol. 
2015;3:687-696.

	29.	 Gale	 JD,	 Gilbert	 S,	 Blumenthal	 S,	 et	 al.	 Effect	 of	 PF-04634817,	
an	 oral	 CCR2/5	 chemokine	 receptor	 antagonist,	 on	 albuminuria	
in adults with overt diabetic nephropathy. Kidney Int Reports. 
2018;3:1316-1327.

	30.	 Di	Prospero	NA,	Artis	E,	Andrade-Gordon	P,	et	al.	CCR2	antago-
nism in patients with type 2 diabetes mellitus: a randomized, place-
bo-controlled	study.	Diabetes Obes Metab.	2014;16:1055-1064.

	31.	 Esser	N,	Paquot	N,	Scheen	AJ.	Anti-inflammatory	agents	 to	 treat	
or prevent type 2 diabetes, metabolic syndrome and cardiovascular 
disease. Expert Opin Investig Drugs.	2015;24:283-307.

	32.	 Sanwa	 Kagaku	 Kenkyusho	 Company,	 Ltd.Interview	 form	 of	 se-
rocion	 cap.	 10.	 Oct.	 2016	 revised	 (ver.	 2)	 [in	 Japanese].	 https://
med.skk-net.com/suppl	ies/produ	cts/item/SER_if_1610.pd-
f#searc 	h=%27%E3%82%BB%E3%83%AD%E3%82%B7%
E3%82%AA%E3%83%B3+%E3%82%A4%E3%83%B3% 
E3%82%BF%	 E3%83%93%E3%83%A5%E3%83%BC%E3%83% 
9 5 % E 3 % 8 2 % A 9 % E 3 % 8 3 % B C % E 3 % 8 3 % A 0 + 
%E8%8B%B1%E8%AA%9E%27.	Accessed	April	22,	2020

How to cite this article:	Hara	A,	Shimizu	M,	Hamaguchi	E,	et	al.	
Propagermanium administration for patients with type 2 
diabetes and nephropathy: A randomized pilot trial. Endocrinol 
Diab Metab. 2020;3:e00159. https://doi.org/10.1002/
edm2.159

https://orcid.org/0000-0002-0399-1474
https://orcid.org/0000-0002-0399-1474
https://med.skk-net.com/supplies/products/item/SER_if_1610.pdf#search=%27%E3%82%BB%E3%83%AD%E3%82%B7%E3%82%AA%E3%83%B3%2B%E3%82%A4%E3%83%B3%E3%82%BF%
https://med.skk-net.com/supplies/products/item/SER_if_1610.pdf#search=%27%E3%82%BB%E3%83%AD%E3%82%B7%E3%82%AA%E3%83%B3%2B%E3%82%A4%E3%83%B3%E3%82%BF%
https://med.skk-net.com/supplies/products/item/SER_if_1610.pdf#search=%27%E3%82%BB%E3%83%AD%E3%82%B7%E3%82%AA%E3%83%B3%2B%E3%82%A4%E3%83%B3%E3%82%BF%
https://med.skk-net.com/supplies/products/item/SER_if_1610.pdf#search=%27%E3%82%BB%E3%83%AD%E3%82%B7%E3%82%AA%E3%83%B3%2B%E3%82%A4%E3%83%B3%E3%82%BF%
https://med.skk-net.com/supplies/products/item/SER_if_1610.pdf#search=%27%E3%82%BB%E3%83%AD%E3%82%B7%E3%82%AA%E3%83%B3%2B%E3%82%A4%E3%83%B3%E3%82%BF%
http://E3%83%93%E3%83%A5%E3%83%BC%E3%83%95%E3%82%A9%E3%83%BC%E3%83%A0%2B%E8%8B%B1%E8%AA%9E%27
http://E3%83%93%E3%83%A5%E3%83%BC%E3%83%95%E3%82%A9%E3%83%BC%E3%83%A0%2B%E8%8B%B1%E8%AA%9E%27
http://E3%83%93%E3%83%A5%E3%83%BC%E3%83%95%E3%82%A9%E3%83%BC%E3%83%A0%2B%E8%8B%B1%E8%AA%9E%27
https://doi.org/10.1002/edm2.159
https://doi.org/10.1002/edm2.159

