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Abstract
Many studies have been conducted to cultivate and utilize patients’ own adipose-derived stem cells for the 

treatment of various incurable diseases and for regenerative medicine that can prolong lifespan. Despite the 
significant achievements made thus far, the lack of confidence with regard to safety, particularly the concern about 
tumorigenicity, has made researchers hesitant to actively apply cultured human autologous adipose-derived cells 
in clinical trials. Therefore, studies on the tumorigenicity of cultured adipose-derived stem cells are very important 
for expanding the field of stem cell–utilizing regenerative medicine. It is also important to study their effect on tumor 
biomarker levels. Long-term follow-up studies of tumorigenicity after multiple intravenous administrations of cultured 
human autologous adipose-derived stem cells have not been reported worldwide. Therefore, the authors have 
examined 462 Koreans who were administered more than 1 billion cultured autologous adipose-derived stem cells 
multiple times from 2010 to 2013 at medical institutions in Japan. We then conducted the first retrospective research 
in the world on the changes in eight types of tumor biomarkers over three–six years. According to the results of our 
analysis, there were no significant changes in the observed tumor biomarkers, irrespective of gender and age. These 
results suggest that multiple administrations of autologous adipose-derived stem cells cultured in accordance with 
the authors’ method do not affect tumorigenicity. 

Keywords: Adipose-derived stem cells; Multiple intravenous infusion; 
Tumor biomarker test; Tumorigenicity

Introduction
Human adipose stem cells are being actively researched as a 

material for regenerative medicine for their ability to treat irreversible 
diseases such as dementia, Parkinson’s disease, spinal cord injuries, 
degenerative arthritis, and provide skin care. Through non-clinical 
and clinical studies on Buerger’s disease, Perry-Romberg disease [1], 
and critical limb ischemia [2], the authors have already confirmed the 
revascularization of adipose stem cells and the possibility of treatment 
via anti-inflammatory reactions. We have also presented clinical results 
for degenerative arthritis [3]. In addition, we have completed a safety 
study for the treatment of spinal cord injuries [4] by administering 
cultured autologous adipose stem cells intravenously and reported the 
possibility of treating autoimmune diseases [5,6]. Anti-aging and life 
extension studies [7] via multiple administrations of adipose stem cells. 

In recent years, the FDA (IND 17201) has approved our clinical trial 
plan to confirm the safety and efficacy of using autologous adipose stem 
cells in patients with Alzheimer’s disease [6] via 10 times of intravenous 
administrations. 

However, although these positive effects were revealed, safety 
concerns regarding cultured autologous adipose stem cells still make 
people hesitant about their clinical use. In particular, it has to be 
considered seriously that concerns about the possibility of cancer 
development derived from cultured autologous adipose stem cells. The 
reasons for concerns about the possibility of cancer promotion by the 
administration of cultured adipose stem cells [8,9] are as follows: (1) 
genetic mutations may occur during the culturing process and (2) the 
growth factors secreted by stem cells may promote the growth of cancer 
cells and create a favorable environment for them. However, several 
reports have presented that stem cells inhibit cancer development [10-
12], which suggests the importance of discerning the characteristics of 
cultured stem cells.

There have been contradictory research results that adipose stem 
cells can proliferate and inhibit cancer; however, there has been no long-
term follow-up study on Tumorigenicity after multiple administrations 

of cultured human autologous adipose stem cells. Therefore, the authors 
conducted a world-first retrospective study of the changes in eight types 
of tumor biomarker over three–six years in approximately about 500 
Koreans who were intravenously administered more than 1 billion cells 
multiple times at medical institutions in Japan from 2010 to 2013.

Materials and Methods
Isolation and culture of hAdMSCs

The method and medium used for culturing autologous adipose 
stem cells were the same as that described in the authors’ safety report in 
Stem Cell and Development in 2012 [4].

Human adipose tissues were obtained by simple liposuction from the 
abdominal subcutaneous fats with an informed consent. Subcutaneous 
adipose tissues were digested with collagenase I (1 mg/ml) under gentle 
agitation for 60 min at 37°C. The digested tissues were filtered through 
a 100 mM nylon sieve to remove cellular debris and were centrifuged 
at 470 g for 5 min to obtain a pellet. The pellet was resuspended in 
Dulbecco’s modified Eagle’s medium (DMEM; Invitrogen)–based media 
containing 0.2 mM ascorbic acid and 10% fetal bovine serum (FBS) 
obtained from bovine spongiform encephalopathy free herd. The cell 
suspension was recentrifuged at 470 g for 5 min. The supernatant was 
discarded, and the cell pellet was collected. The cell fraction was cultured 
overnight at 37°C/5% CO2 in DMEM-based media containing 0.2 mM 
ascorbic acid and 10% FBS. After 24 h, the cell adhesion was checked 
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under an inverted microscope, and nonadherent cells were removed by 
washing with phosphate-buffered saline (PBS). The cell medium was 
changed to Keratinocyte-SFM (Invitrogen)-based media containing 0.2 
mM ascorbic acid, 0.09 mM calcium, 5 ng/ml rEGF, and 5% FBS. The 
cells were maintained for 4–5 days until confluent (passage 0). When 
the cells reached 90%confluency, they were subculture-expanded in 
Keratinocyte-SFM-based media containing 0.2 mM ascorbic acid, 
0.09 mM calcium, 5 ng/ml rEGF, and 5% FBS until passage 3 or 4. 
FBS contaminant from cultured MSCs were completely removed by 
several washing with PBS and was verified through the test of albumin 
level below the measurement limit using a bovine albumin ELISA 
quantitiation kit (Bethyl Laboratories). The Korea Food and Drug 
Administration permitted the FBS-eliminated MSCs for clinical study. 
Aliquots of the hAdMSCs (human adipose derived mesenchymal stem 
cells) are then tested for cell viability and fungal, bacterial, endotoxin, 
and mycoplasma contamination as demanded by the Code of Federal 
Regulations, Title 21 (21CFR) before further use. The details of specific 
standards are found in the 21CFR, Sections 610. The procedure for 
hAdMSCs preparation was performed under GMP conditions in the 
Stem Cell Research Center of RBIO. 

Subjects and patients

The subjects were administered more than 1 billion cells of 
autologous adipose-derived mesenchymal stem cells for three years 
from January 2010 to December 31, 2013. We received IRB approval 
for the use of human biological material (The Institutional Review 
Board (IRB) at the BIOSTAR Stem Cell Research Institute. Ltd., Seoul, 
Korea (RBIO 2016-03-001), and donors consented to their biological 
material being used for research with their health checkup common 
questionnaire and cancer screening questionnaire.

The tumor biomarker test in their blood was conducted both before 
and after the administration of cells from May 2016. The age ranges 
of the subjects were as follows: male 69.34 ± 9.09 (41–87) and female 
67.24 ± 9.13 (36–87). There were 202 male and 260 female subjects, and 
the number of administered cells were 2.743 (± 1.397) billion for males 
and 2.525 (± 1.274) billion for females. Each administration contained 
100–300 million cells that were suspended in 100 ml of sterile sodium 
chloride injection per 100 million cells and then injected intravenously. 
The survey results showed that 33 out of the 202 men and 26 out of the 
260 women had a history of cancer, while 10 males and 11 females were 
infected with hepatitis viruses (B or C). The information of participants 
(Tables 1- 3).

Method for collecting and storing tumor biomarker 
diagnostic samples

Prior to stem cell administration, the blood serum was separated 
from the blood that had been stored before initially collecting adipose 
cells (2010–2013) and then stored at -25°C or colder. After the 
administration of cells, blood was collected from May 2016 to July 2017 
through hospital and paramedic visits. Therefore, the interval between 
the collection of blood samples before and after administration varied 
from person to person; however, it was generally three to six years.

Test items and methods 

In terms of test items, alpha-fetoprotein (AFP), carcinoembryonic 
antigen (CEA), cancer antigen 19-9 (CA19-9), Cancer antigen 72-4 
(CA72-4), total prostate specific antigen (T-PSA), and free/total-
prostate specific antigen (F/T-PSA) ratio were selected for males, while 
Alpha-fetoprotein (AFP), Carcinoembryonic antigen (CEA), Cancer 
antigen 19-9 (CA19-9), Cancer antigen 72-4 (CA72-4), Carcinoma 

antigen 15-3 (CA15-3), and cancer antigen 125 (CA125) were selected 
for females. The tumor biomarker diagnostic reagents were purchased 
from Roche Diagnostics (Each was as follows: elecsys AFP, elecsys CEA, 
elecsys CA19-9, elecsys CA72-4, elecsys CA15-3, and elecsys CA125.)

They were measured using a Cobas–e411 (Roche Diagnostics, 
Germany) automated analyzer based on the principle of 
electrochemiluminescence (ECL) immunoassay. The reference values 
were as follows: AFP <7.0 ng/ml, CEA <4.7 ng/ml, CA19-9 <39.0 U/
ml, CA72-4 <6.9 U/ml, T-PSA <4.0 ng/ml, F/T-PSA ratio >23%, CA15-
3 <26.4 U/ml, and CA125 <35 U/ml, which were provided by Roche 

Tumor biomarkers Pre/Post IV 
administration

Total
N Mean ± SD

AFP

Before 462 3.653 ± 5.241
After 462 3.679 ± 1.955

Variation1) between pre/
post IV 462 -0.027 ± 4.833

p-value§ <0.0001

CEA

Before 462 2.558 ± 1.902
After 462 2.986 ± 2.480

Variation1) between pre/
post IV 462 -0.427 ± 1.125

p-value§ <0.0001

CA19-9

Before 462 7.852 ± 7.180

After 462 11.652 ± 
12.179

Variation1) between pre/
post IV 462 -3.800 ± 8.654

p-value§ <0.0001

CA72-4

Before 462 4.003 ± 20.600
After 462 3.293 ± 5.568

Variation1) between pre/
post IV 462 0.710 ± 21.073

p-value§ <0.0001

T-PSA

Before 202 0.941 ± 1.140
After 202 1.442 ± 1.711

Variation1) between pre/
post IV 202 -0.501 ± 1.138

p-value§ <0.0001

F/T-PSA

Before 202 29.494 ± 
48.446

After 202 36.112 ± 
28.242

Variation1) between pre/
post IV 202 -6.618 ± 43.097

p-value§ <0.0001

CA15-3

Before 260 9.145 ± 3.762
After 260 9.235 ± 3.654

Variation1) between pre/
post IV 260 -0.090 ± 1.723

p-value§ 0.1378

CA125

Before 260 12.284 ± 8.979
After 260 12.090 ± 7.749

Variation1) between pre/
post IV 260 0.194 ± 8.299

p-value§ 0.5601
Variation = Pre-treatment value – post-treatment value, §, Wilcoxon Signed Rank 
Test result
AFP: Alpha-Fetoprotein, CEA: Carcino-Embryonic Antigen, CA19-9: Cancer 
Antigen 19-9, CA72-4: Cancer Antigen 72-4, T-PAS: Total-Prostate Specific 
Antigen, F/T-PAS: Free/Total- Prostate Specific Antigen, CA15-3: Carcinoma 
Antigen 15-3, CA125: Carcinoma Antigen 125.

Table 1: The mean value of the tumor biomarker before and after the intravenous 
administration of cultured of autologous adipose-derived stem cells.
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Diagnostics. Before the administration of stem cells, the serum samples 
(six years ago) were completely thawed at room temperature, vortexed, 
centrifuged, and examined. The fresh serum was immediately examined 
after the administration of stem cells. 

Statistical analysis 

In the case of continuous variables, the levels were presented 

as the mean ± SD of the descriptive statistics (mean and standard 
deviation) regarding the changes before and after treatment for each 
tumor biomarker. Wilcoxon Signed Rank Test was used to verify any 
difference in the measured levels before and after treatment. Regarding 
safety assessment, McNemar’s test was conducted to classify the normal 
and risk levels based on the risk level for each tumor biomarker. All 
statistical analyses were carried out using SAS V9.4. The two-sided test 

Rate of participants with a risk value for each tumor biomarker (%)
 (The number of participants having the risk value/the total number of participants)

Tumor marker  (Risk range) IV   Age 80 70 60 50 30-40 Total

AFP
 (>400 ng/ml)

Before 0% (0/49) 0% (0/203) 0% (0/138) 0% (0/56) 0% (0/16) 0% (0/462)

After 0% (0/49) 0% (0/203) 0% (0/138) 0% (0/56) 0% (0/16) 0% (0/462)

CEA
 (>10 ng/ml)

Before 0% (0/49) 0.49% (1/203) 1.44% (2/138) 0% (0/56) 0% (0/16) 0.64% (3/462)

After 0% (0/49) 0.49% (1/203) 0.72% (1/138) 0% (0/56) 0% (0/16) 0.43% (2/462)

CA19-9
 (>500 U/ml)

Before 0% (0/49) 0% (0/203) 0% (0/138) 0% (0/56) 0% (0/16) 0% (0/462)

After 0% (0/49) 0% (0/203) 0% (0/138) 0% (0/56) 0% (0/16) 0% (0/462)

CA72-4 
 (>100 U/ml)

Before 0% (0/49) 0.49% (1/203) 0.72% (1/138) 0% (0/56) 0% (0/16) 0.21% (1/462)

After 0% (0/49) 0% (0/203) 0% (0/138) 0% (0/56) 0% (0/16) 0% (0/462)

T-PSA 
 (>10 ng/ml)

Before 0% (0/26) 1% (1/93) 0% (0/55) 0% (0/21) 0% (0/7) 0.49% (1/202)

After 0% (0/26) 1% (1/93) 1.81% (1/55) 0% (0/21) 0% (0/7) 0.99% (2/202)

F/T-PSA 
 (<10%)

Before 0% (0/26) 0% (0/93) 1.81% (1/55) 0% (0/21) 0% (0/7) 0.49% (1/202)

After 0% (0/26) 0% (0/93) 1.81% (1/55) 0% (0/21) 0% (0/7) 0.49% (1/202)

CA15-3
 (>30 U/ml)

Before 0% (0/23) 0% (0/110) 0% (0/83) 0% (0/35) 0% (0/9) 0% (0/260)

After 0% (0/23) 0% (0/110) 0% (0/83) 0% (0/35) 0% (0/9) 0% (0/260)

CA125 
 (>60 U/ml)

Before 0% (0/23) 0% (0/110) 0% (0/83) 2.85% (1/35) 0% (0/9) 0.38% (1/260)

After 0% (0/23) 0% (0/110) 0% (0/83) 2.85% (1/35) 0% (0/9) 0.38% (1/260)

AFP: Alpha-Fetoprotein, CEA: Carcino-Embryonic Antigen, CA19-9: Cancer Antigen 19-9, CA72-4: Cancer Antigen 72-4, T-PAS: Total-Prostate Specific Antigen, F/T-PAS: 
Free/Total-Prostate Specific Antigen, CA15-3: Carcinoma Antigen 15-3, Ca125: Carcinoma Antigen 125.

Table 2: Age-specific distribution of participants who had risk levels for tumor biomarkers before and after the intravenous administration of cultured autologous adipose-
derived stem cells.

Male

Year Number of 
participants 

Quantity of Cells (100 
million)

Number of 
participants Combined Total Period of time between 

collection of samples (Years)
Number of 

participants
30~39  - >70 2

462

3 - 3.9 53
40~49 7 61~70 4
50~59 21 51~60 10
60~69 55 41~50 22
70~79 93 31~40 27

4 - 4.9 118
80~ 26 21~30 50
 -  - 10~20 87

Total (N) 202

Female

Year Number of 
participants

Quantity of Cells (100 
million)

Number of 
participants

5 - 5.9 20730~39 1 >70 1
40~49 9 61~70 2
50~59 34 51~60 7
60~69 83 41~50 24

6 - 6.9 84
70~79 110 31~40 40
80~ 23 21~30 58
 -  - 10~20 128

Total (N) 260

Table 3: The number of participants according to age, number of cells administered and period of time between the sample collections.
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was performed at a 5% significance level to identify differences before 
and after treatment.

Results
Change in total numerical levels of tumor biomarkers before 
and after the intravenous administration of autologous 
adipose-derived stem cells

The analysis of the mean levels of the diagnostic tumor biomarkers 
before and after the intravenous administration of cultured stem 
cells based on the tumor biomarker reference values and risk levels 
showed that all levels were within the normal reference range (Table 
1 and Figure 1). The tumor biomarker levels did not exhibit any 
statistically significant difference between before and after intravenous 
administrations (Figure 2).

The distribution of tumor biomarkers for each group was analyzed 
according to their age and there was no change in tumor biomarkers 
except CEA and T-PSA. The participants’ risk levels before and after 
administration decreased in CEA and increased in T-PSA by one 
person respectively (Table 2). 

The analysis of the mean T-PSA tumor biomarker levels for 
participants who were administered cultured autologous adipose-
derived stem cells indicated that all the levels were within the safety 
range based on the T-PSA reference values and risk levels before and 
after administration (Table 1 and Figure 1). 

Change in each numerical level of tumor biomarkers before 
and after the intravenous administration of autologous 
adipose-derived stem cells 

The authors individually analyzed subjects whose levels were out of 
the reference value range or those whose levels had not initially been 
within the reference value range but then came within the reference 
value range (Tables 1 and 2). The analysis did not show any relationship 
between tumor biomarker levels and the number of stem cells 
administered or the elapsed time of blood samples taken. 

In the case of CA72-4, the tumor biomarker levels of two subjects 
who had been at risk levels were within the reference value range after 
the administration of stem cells (S Table 2). In the case of T-PSA, the 
value of one subject whose values had been within the reference range 
deviated from the reference range after administration. In the case 
CEA, the tumor biomarker levels of one subject who had been at risk 
levels came within the normal range after the administration of stem 
cells (Figure 2). Except for these three cases, the analysis showed that 
there was no change in subjects whose tumor biomarker levels were at 
risk levels or their levels were changed but still remained within the risk 
value range before and after administration (Figure 2, S Tables 1 and 2).

In addition, the tumor biomarker AFP level was significantly 
reduced from 106.72 ng/ml to 6.32 ng/ml (Table 2). A 57-year-old 
male who had chronic hepatitis C, liver cirrhosis, and colon polyps 
was administered 2.85 billion cells. In the group that was administered 
5.1–6.0 billion cells, some AFP levels slightly deviated from the normal 
range. After administration, the AFP levels were still not within the 
normal range but had decreased (Tables 1 and 2, Figure 2).

There was one subject (a 64-year-old male) whose T-PSA level was 
increased from 4.1 ng/ml to 11.7 ng/ml out of 202 subjects. Even before 
stem cell administration, the T-PSA level had been in the gray area, 
but it entered the risk range for prostate cancer after administration. 
However, the F/T PSA levels were within the risk range both before and 
after administration (Table 2).

Discussion
In this study, we did experiments using the blood of humans who 

had been intravenously administered one billion or more cultured 
autologous adipose-derived stem cells multiple times. Blood sample 
collection intervals ranged from three to six years, and at least three 
years had passed since the subjects were the first intravenously 
administered autologous adipose-derived stem cells. 

Eight tumor biomarkers in total were measured in this study. 
Among them, AFP, CEA, CA19-9, and CA72-4 were used for both 
males and females. However, T-PSA and F/T PSA were only examined 
in males, and CA15-3 and CA125 were only examined in females. 
Reference values, reference intervals, and normal values have been used 
as standard values to interpret the results of tumor biomarker diagnostic 
tests. The term ‘reference value’ has been used relatively in frequent as 
a comparative criterion for determining whether a measured test result 
is obtained from a healthy person. The reference values are set based on 
the results of blood tests which were conducted on hundreds of healthy 
subjects. Most of the reference values used in this study were relatively 
lower than the normal values used in many papers and hospitals around 
the world. Therefore, it is possible to predict that a person who has a 
value outside the reference interval of this study is in a safe condition 
when using normal values. 

The AFP is a type of serum protein that is originally present in a 
fetus during early pregnancy [13]. It is not detected in healthy adult 
blood, but it is used as a tumor marker for liver cancer, as its level is 
increased in 95% of patients with primary hepatic carcinoma. The AFP 
level is also elevated in fulminant hepatic failure and liver cirrhosis. 
Therefore, the analysis of the AFP level is useful for early detection, 
diagnosis, and follow-up of liver diseases including liver cancer. 
According to the EIA method, the normal value is 20 ng/ml [14]. AFP 
levels are elevated in 80–90% of patients with liver cancer, and a level 
400 ng/ml or greater suggests a 95% of possibility of liver cancer [15]. 
However, this level may be normal in small-sized liver cancer and 
may be increased to some extent in chronic hepatitis and cirrhosis. It 
is also a fetal protein that increases during pregnancy. Furthermore, 
it increases in germ cell tumors in the ovaries and testes. The normal 
range for AFP level is 0–20 ng/ml, and a level greater than 400 ng/ml is 
very close to liver cancer [16].

The analysis of the group that was intravenously administered 
cultured autologous adipose-derived stem cells showed no change in 
the values for the subjects that were not within the risk range for liver 
tumor biomarkers between before and after administration (Table 2). 
In one case, the AFP level (a marker for hepatocellular carcinoma) was 
significantly decreased from 106.72 ng/ml to 6.32 ng/ml (Table 2). This 
case involved a 57-year-old male who was administered 2.85 billion 
cells and had chronic hepatitis C, liver cirrhosis, and colon polyps. This 
numerical result demonstrated that he had deviated from the high-risk 
group for liver cancer. 

In addition, some AFP levels in the group that was administered 
5.1–6.0 billion cells were slightly outside the normal range. Those 
were not within the normal range but had slightly decreased after 
administration. This result suggests that repeated administrations of 7 
billion stem cells did not establish an environment for cancer formation 
(Tables 1 and 2, Figure 2). In contrast, there was one case in which the 
level in the high-risk group was lowered to the normal level. 

Regarding that a normal range of AFP (a hepatocellular carcinoma 
marker) is 20 ng/ml, the values that had been within the normal range 
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Figure 1: The mean level of each tumor biomarker before and after the IV.
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A. AFP(>400ng/ml) B. CEA(>10ng/ml)

After After

Before

Normal Risk

Before

Normal Risk

Normal
462 0

Normal
459 0

(100%) (0%) (99.35%) (0%)

Risk
0 0

Risk
1 2

(0%) (0%) (0.22%) (0.43%)

C. CA19-9(>500U/ml) D. CA72-4(>100U/ml)

After After

Before

Normal Risk

Before

Normal Risk

Normal
462 0

Normal
460 0

(100%) (0%) (99.57%) (0%)

Risk
0 0

Risk
2 0

(0%) (0%) (0.43%) (0%)

E. T-PSA(> 10.0 ng/ml) F. F/T-PSA(<10%)

After After

Before

Normal Risk

Before

Normal Risk

Normal
200 1

Normal
200 0

(99.01%) (0.50%) (99.01%) (0%)

Risk
0 1

Risk
0 2

(0%) (0.50%) (0%) (1.00%)

G. CA15-3(> 30 U/ml) H. CA125(> 60 U/ml)

After After

Before

Normal Risk

Before

Normal Risk

Normal
260 0

Normal
258 1

(100%) (0%) (99.23%) (0.38%)

Risk
0 0

Risk
1 0

(0%) (0%) (0.38%) (0%)

Figure 2: Safety assessment of the intravenous administration of cultured stem cells in terms of tumorigenicity.
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before stem cell administration deviated from the normal range after 
administration. Rather, there was a slight decrease from 0.43 to 0.23%; 
these results indicate that there is no correlation between stem cell 
administration and liver cancer formation. 

The CEA is usually present only in embryos and fetuses so its level 
is extremely low in adults; however, it is elevated in tumor formation. 
CEA was first identified in colorectal cancer. It is observed in 20–40% 
of tumors localized to the wall of large intestine, while it is observed 
in 80–95% of metastatic tumors. However, CEA biomarker is not 
restricted to colorectal cancer (70%) but can be observed in pancreatic 
(60–90%), stomach (40–60%), lung (60–75%), breast (20–50%), uterine 
(45%), and ovarian (25%) cancer, thus caution should be taken when 
interpreting results. The level of this substance is less than 5 ng/ml in 
normal subjects; 5–10 ng/ml means that they are within the borderline, 
and 10 ng/ml or greater means that the likelihood of cancer formation 
has significantly increased [17]. This level has a low specificity for 
colorectal cancer, thus a high level of CEA does not necessarily indicate 
colorectal cancer. Eventually, this level does not play a significant role 
in the diagnosis of colorectal cancer. However, it has an important role 
in the treatment of colorectal cancer. CEA levels are relatively varied 
in the normal range according to smoking, gender, and age, which 
make it difficult to accurately determine the level. However, the normal 
range is generally 5–10 ng/ml and a finding of 10 mg/ml or greater 
presents an abnormality and would require further investigation [18]. 
According to the results of measuring the group that was intravenously 
administered cultured autologous adipose-derived stem cells, who 
had a CEA level deceased from 0.64% before administration to 0.43% 
after administration (Table 2). This result confirms that stem cell 
administration is not associated with colorectal cancer formation. We 
discovered that the CEA level of 69-year-old man decreased from a level 
within the risk range to within the normal range after administration of 
a high amount of stem cells (about 7.25 billion cells) (Table 1). This case 
demonstrates that there is no relationship between the number of stem 
cells administered and the number of stem cells and cancer formation. 

The CA19-9 is produced in the epithelial cells of the human 
pancreas, gallbladder, stomach, and large intestine. It is an antibody 
that binds to a tumor marker, Sialyl-Lewis-A, which is produced in 
gastrointestinal tract tumor cells, especially tumor cells originated from 
the pancreas [18]. The produced CA19-9 is secreted into serum and 
is frequently used as a tumor biomarker for several gastrointestinal 
cancers including pancreatic and colorectal cancer [19]. It is particularly 
sensitive to pancreatic cancer, and the CA19-9 concentration in the 
serum is significantly decreased during the treatment of pancreatic 
cancer. However, the level may increase again due to the recurrence of 
lesions. Thus, it can be a useful marker for recurrence [20].

In terms of the CA19-9 level, 39 U/ml is set as a clinical diagnosis 
criterion in most cases. However, the positive predictive value of this 
method is very low (0.9%) for screening purposes. CA19-9 levels have 
been reported to increase in both pancreatic cancer and malignant 
tumors such as lung, colorectal, stomach, liver, and ovarian cancer. 
They also increase in benign diseases including hyperthyroidism and 
hypothyroidism, thyroid nodule, diabetes mellitus, ovarian cystic 
tumor, endometritis, cervicitis, endometrial cancer, bronchiectasis, 
pulmonary tuberculosis, and mycobacterial infection [21]; 50% of 
patients with malignant tumors showed 500 U/ml or greater levels of 
CA19-9, and 1,000 U/ml or higher levels were observed in definite 
cancer progression [22]. Based on these results, 500 U/ml of CA19-9 
should be used as a criterion for the predictive diagnostic risk level of 
cancer. Moreover, other markers, environmental factors, and subjects’ 
pathological findings should be followed up. 

Based on the CA19-9 reference and risk vales, the CA19-9 levels of 
the subjects who were administered cultured adipose-derived stem cells 
were all within the safe range before and after administration (Table 1 
and Figure 1). Statistical analysis showed that there was no subject who 
had risk levels (0%) before and after administration (Figure 2), thereby 
indicating that stem cell administration was not related to pancreatic 
cancer. 

The CA72-4is a glycoprotein similar to mucus that has a high 
molecular weight and was first discovered by Colcher in 1981 [23]. 
This glycoprotein is detectable in the body fluids of cancer patients 
and was used as a marker for the diagnosis of malignant tumors in 
the gastrointestinal tract [24,25]. It is produced in both normal tissues 
and tumors in the digestive tract and is frequently used as a marker 
for various malignant diseases including those of the colon, stomach, 
and pancreas. It is particularly sensitive to stomach and ovarian cancer 
[26]. CA72-4 marker is used as a predictor of the postoperative surgical 
recurrence of stomach cancer. Neoplastic malignant tumors in stomach 
cancer have been currently reported as being diagnosed from serum 
and peritoneal lavage fluid. In terms of CA72-4 level, 6.9 U/ml is 
currently set as a criterion for clinical diagnosis. However, this level is 
increased by various diseases such as gastrointestinal disorders, gastric 
ulcers, and intestinal epithelium. It has been reported that when setting 
100 U/ml as the risk level, the sensitivity is increased to 79% and the 
specificity is increased to 89% [27]. 

Based on the previous studies, we compared the CA72-4 levels 
in the serum of patients before and after the administration of cells. 
Patients in the risk range (greater than 300 U/ml) had the following 
levels after administration: 1.7 U/ml and 6.8 U/ml. Thus, we confirmed 
that the levels in the two patients within the risk range had reduced 
to within the reference value range (Table 2 and Figure 2). Therefore, 
we determined that the CA72-4 levels were maintained within a safe 
range regardless of stem cell administration, thereby suggesting no 
relationship between stem cell administration and stomach cancer 
formation. 

The  PSA is produced in the prostate epithelium and secreted into 
the blood. It is increased in the blood when cell destruction occurs. 
Therefore, it has been used for the early diagnosis of prostate cancer. 
Since Wang et al. [28] introduced a PSA purification method from 
prostate tissue in 1979, it has become the most useful test for early 
diagnosis due to its positive predictive value [29], high reproducibility, 
affordability and simplicity. However, its results are not satisfactory to 
sensitivity and specificity, leading to continuous attempts to increase 
these values [30].

One of the 202 subjects had a T-PSA level that increased from 4.1 
ng/ml to 11.7 ng/ml. The subject was a 64-year-old male whose T-PSA 
level belonged in the gray zone even before stem cell administration. 
The  T-PSA level changed to the prostate cancer risk range after 
administration. However, he already had prostatic symptoms and 
been on medication before the administration. Furthermore, the F/T 
PSA levels were within the risk range before and after administration 
(Table 2). All of the tumor biomarker levels except T-PSA were 
within the reference range. This result may demonstrate that stem cell 
administration did not affect prostate cancer. 

The T-PSA levels are very useful for screening patients who need 
prostate biopsy in the early screening for prostate cancer; however, 
there is limitation in distinguishing patients who do not have a high risk 
of prostate cancer [31]. Therefore, there have been attempts to develop, 
quantify, and apply other available markers such as prostate specific 
antigen density (PSAD), prostate specific antigen velocity (PSAV),, and 
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F/T PSA ratios in patients. A prostate biopsy is required for the definite 
diagnosis of prostate cancer, and the most significant and fundamental 
test for determining whether to perform the biopsy is measuring serum 
PSA level [32]. The possibility of prostate cancer is relatively high when 
the serum PSA level is 10 ng/ml or higher. Therefore, in this case, a 
prostate biopsy should be conducted [33,34]. However, when serum 
PSA levels are 4–10 ng/ml, only 25% of such cases are diagnosed as 
prostate cancer [35]. The specificity for PSA is decreased and an 
unnecessary biopsy can be performed. Many researchers have suggested 
improving the specificity and sensitivity of PSA via modified tests such 
as the rate of change of PSA, density of PSA, density of PSA according 
to the prostate transition zone volume, age-specific PSA, the ratio of 
free PSA, and molecular type of PSA [36-39]. Several previous studies 
have reported that the rate of free PSA is lower in patients with prostate 
cancer than in patients with benign prostatic hyperplasia [40,41]. This 
result means that the normal PSA range is 4–10 ng/ml and measuring 
free PSA is important for patients without any unique findings in terms 
of digital rectal examination. Therefore, we used free/total-prostate 
specific antigen (F/T-PSA) for tumor biomarker diagnosis. 

According to the results, the rate of the subjects with F/T PSA ratio 
within the risk range (0.49%) did not change between before and after 
the administration of stem cells (Table 2). An increase in F/T-PSA 
means a lower possibility of cancer. Our results showed that 158 out of 
202 subjects (78%) had increased F/T-PSA ratios after administration. 
Moreover, there were subjects whose F/T ratios had increased 5.8 
times and 7.15 times after the administration of stem cells. We also 
examined the F/T-PSA ratios for the group of subjects that had 4–10 
ng/ml T-PSA levels [42]; none of their F/T-PSA ratios were within the 
risk range. There was no change in the distribution of subjects with the 
risk range of the F/T-PSA ratio, but rather the levels were maintained 
at a stable condition or had entered the normal range after stem cell 
administration (Table 2). This suggests that stem cell administration 
was not associated with cancer formation but rather may have helped 
to reduce the risk of cancer.

The CA15-3 is a protein produced in normal mammary epithelial 
tissues and is typically used as a breast tumor biomarker. It is also 
positive in ovarian cancer (40%), uterine cancer (20%), lung cancer 
(20%), liver cancer, liver cirrhosis, hepatitis, and benign breast disease. 
However, CA15-3 is not sufficiently sensitive or specific to be used as a 
means of cancer screening. Therefore, it is mainly used to monitor the 
response to breast cancer treatment and observe recurrence. Its level is 
elevated in over 80% of metastatic breast cancer; the level is increased 
more sensitively in distant metastases than in local recurrence and its 
level is 30 U/ml or less in normal subjects. If the level is above 30 U/
ml, the progression of breast cancer is severe, and the tumor burden is 
greater than normal subjects [43]. A previous study also reported that 
umbilical cord stem cells attenuated the growth of breast cancer cells in 
animal models [44].

According to the results of measuring the group that was 
intravenously administered cultured autologous adipose-derived stem 
cells, the rate of subjects with CA15-3 levels within the risk range (0%) 
did not change before or after the administration of stem cells (Table 2). 
The results of each subject also showed no case in which the levels were 
not within the reference values (S Table 1). These results determine that 
stem cell administration was not related to breast cancer formation. 

A polymeric glycoprotein, CA 125 is present in the mesoderm 
of fetuses and adults, Mullerian duct-derived organs, adult fallopian 
tubes, endometrium, peritoneum, and pleura. Production of CA 125 is 
increased in tumors in these organs or tissues or inflammatory diseases, 

and is especially high in serous ovarian cancer. It is very useful for 
determining the prognosis and therapeutic effect of endometrial and 
ovarian cancer. However, its level is also elevated in benign diseases 
such as endometriosis, benign ovarian cysts, and pelvic inflammation, 
and even in menstruation and the first trimester of pregnancy, thereby 
demonstrating its low value as a screening method [45]. In ovarian 
cancer stage 1, only 50% of ovarian cancers showed a positive result. 
During progression through stages 2, 3, and 4, the positive rate 
increased to 80%. Therefore, using this test alone has limitations in the 
early diagnosis of cancer. According to the European Group on Tumor 
Marker and the National Academy of Clinical Biochemistry, there is 
lack of evidence of using CA 125 for screening or diagnosing ovarian 
cancer. However it is useful for determining illness and prognosis, and 
monitoring recurrence and treatment effects. The reference value of 
CA 125 is generally in the range 0–35 U/ml, but its specificity is low. 
Therefore, we determined 35–65 U/ml as the normal range, thereby 
increasing the test’s sensitivity. We used more than 60 U/ml as the risk 
level [46]. The CA-125 level was increased in ovarian cancer, but it may 
also be elevated in benign diseases including myoma uteri, adenomyosis, 
pelvic inflammation and endometriosis, pregnancy, and endometrioma 
(benign ovarian tumor) or other ovarian cysts. Furthermore, the level 
may increase in endometrium, fallopian tubes, lungs, breast, and 
cancer derived from the digestive system [47]. According to the results 
of measuring the group that was intravenously administered cultured 
autologous adipose-derived stem cells, the rate of subjects with CA125 
levels within the risk range (0.38%) did not change before or after the 
administration of stem cells (Table 2).

Thus, our results, when measuring the tumor biomarker levels, 
confirm that stem cells were not associated with tumor formation. In 
addition, the authors individually examined the subjects who had tumor 
biomarker levels outside the reference range and whose biomarker 
levels had been outside the reference range but entered the reference 
range after administration (Tables 1 and 2). The result demonstrated 
that there was no relationship between tumor biomarker levels, the 
number of stem cells administered, and the elapsed time from when 
blood samples were taken. 

Conclusion
Based on this result, we expect that the multiple administrations 

of cells are not related to cancer. In addition, there was no statistically 
significant difference in the tumor biomarker levels before and after the 
intravenous administration of autologous adipose-derived stem cells 
(Figure 2). This result supports that stem cell administration was not 
associated with cancer. 

In conclusion, for the first time in the world, we confirm that 
there is no possibility of cancer occurrence from multiple intravenous 
administrations of cultured autologous adipose-derived stem cells.
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