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Background: Stromal vascular fraction (SVF) is a mixture of cells which can be isolated from 

a mini-lipoaspirate of fat tissue. Platelet-rich plasma (PRP) is a mixture of growth factors and 

other nutrients which can be obtained from peripheral blood. Adipose-derived stem/stromal cells 

(ADSCs) can be isolated from fat tissue and expanded in culture. The SVF includes a variety 

of different cells such as ADSCs, pericytes, endothelial/progenitor cells, and a mix of different 

growth factors. The adipocytes (fat cells) can be removed via centrifugation. Here, we describe 

the rationale and, to our knowledge, the first clinical implementation of SVF and PRP followed by 

repeat dosing of culture-expanded ADSCs into a patient with severe xerostomia postirradiation.

Methods: Approximately 120 mLs of adipose tissue was removed via mini-lipoaspirate proce-

dure under local anesthetic. The SVF was prepared from half of the fat and resuspended in PRP. 

The mixture was delivered via ultrasound directly into the submandibular and parotid glands 

on both the right and left sides. The remaining 60 mLs of fat was processed to culture-expand 

ADSCs. The patient received seven follow-up injections of the ADSCs plus PRP at 5, 8, 16, 18, 

23, 28, and 31 months postliposuction. The subject was monitored over a period of 31 months 

for safety (adverse events), glandular size via ultrasound and saliva production.

Results: Throughout the 31-month monitoring period, no safety events such as infection or 

severe adverse events were reported. The patient demonstrated an increase in gland size as 

measured by ultrasound which corresponded to increased saliva production.

Conclusion: Overall, the patient reported improved quality of life and willingness to continue 

treatments. The strong safety profile and preliminary efficacy results warrant larger studies to 

determine if this is a feasible treatment plan for patients postradiation.
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Background
Xerostomia or severe dry mouth is the lack of production of appropriate amounts of 

saliva. Patients who undergo radiation or chemotherapy treatments for neck and head 

cancers may develop xerostomia as a result of damaged salivary glands. The salivary 

glands include the parotid (located between the ear and the jaw) and submandibular 

glands (located under the jaw). Radiotherapy of the glands causes a variety of structural 

damages specifically cell death, edema, formation of fibrous tissue, and hypovascular-

ization.1 Extreme dry mouth leads to a reduced quality of life with difficulty speaking 

and swallowing. Current therapies do not address the underlying issues and pathology.2 

Regenerative treatment for salivary gland tissue repair is a novel therapeutic option due 
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to the cell-to-cell interactions of the germ layers.3,4 Several 

preclinical animal studies have addressed the clinical benefit 

of MSCs on dysfunctional salivary glands.5

Adult stem cells are currently being studied for use 

in a variety of diseases and disorders. MSCs, which are a 

 subpopulation of nonhematopoietic progenitor cells, may 

be obtained from multiple tissue sources in the adult human. 

These cells are described as multipotential and have the 

capacity to differentiate down various pathways in vitro. 

In addition, MSCs may have a broad range of indications 

in various diseases or injuries due to their ability to repair 

damaged tissues or lesions.6,7 MSCs can multiply and form 

various tissue types and may represent a realistic biologic 

therapy. In addition, the regenerative potential of MSCs in 

radiation-damaged tissue is promising due to their relatively 

high radiation resistance.8

These cells demonstrate properties of angiogenesis and 

mitogenesis and can therefore promote wound healing. The 

MSCs may induce a paracrine effect leading to reduced 

inflammation, cell death, and tissue fibrosis. The cell-to-cell 

communication of the secreted biological factors can regulate 

the regeneration of damaged tissues in the body. The pericyte 

which coats the small vessels and capillaries in all tissues 

of the body is the precursor to the MSC and can become 

activated in injury. At this point, the cell is converted into 

a medicinal MSC with immunomodulatory properties. The 

cells call for help to the damaged tissue establishing a trophic 

environment primed to heal with a mixture of cytokines and 

molecules.9

Fat tissue has recently been established as a plentiful 

source of MSCs. A mini-lipoaspirate procedure can easily be 

performed in an outpatient facility and yield large numbers 

of cells from the fat sample. The multipotential stem cells 

present in the fat are called ADSCs and can differentiate into 

bone, muscle, fat, and cartilage in vitro.10 ADSCs express 

many different cytokines and growth factors which contrib-

ute to the paracrine effect to promote healing and repair of 

damaged tissue. ADSCs have been shown to promote the 

formation of new blood vessels or angiogenesis in combina-

tion with the regulation of the local inflammation process.11,12

The SVF which includes a variety of cells in addition 

to the ADSCs can be separated from the fat tissue in 30–90 

minutes bedside to the patient after the mini-lipoaspirate 

procedure. The population is depleted of the adipocytes or fat 

cells and expresses various growth factors. The population of 

SVF includes a high percentage of CD34+ cells.13 CD34 is 

expressed on hematopoietic cells, MSCs, and pericytes. It is 

believed that this cluster of differentiation is present within 

the peri-endothelial location and may be responsible for the 

stabilization of endothelial networks. SVF has successfully 

been used in a variety of clinical applications ranging from 

orthopedics to cardiovascular disease.14–16 Because there are 

a high amount of MSCs and a low amount of white blood 

cells, adipose tissue is becoming the preferred source for 

in-clinic cellular medicine over bone marrow.17 It has also 

been demonstrated that adipose tissue is abundant in pericytes 

which can convert into MSCs with medicinal properties.18,19

Patients with xerostomia postradiation have severely 

damaged gland tissue. Current treatment protocols following 

radiotherapy may only relieve symptoms temporarily and 

are insufficient.20 Regenerative therapies represent a new 

approach to repair the neuronal and vascular structures that 

produce saliva.21 Injected cells may work to either prevent 

damage from radiation22 or repair the damage created.23 Stem 

cells may provide an attractive approach to tissue regeneration 

in the glands by promoting healing, reducing inflammation, 

and remodeling/repairing scarred tissue. Because fat collec-

tion is a well-established method, the SVF collection of cells 

and reintroduction into damaged tissue may represent a safe 

novel therapeutic approach.

According to An et al, ADSCs exposed to hypoxic 

conditions can be systemically infused into mice following 

irradiation to improve irradiation-induced salivary hypofunc-

tion. The cells may allow for tissue remodeling due to the 

paracrine effect and provide for radioprotection.24 Several 

groups have demonstrated that cells from adipose tissue25,26 or 

bone marrow27 can be cocultured with gland cells. The cells 

express salivary gland-related markers and can differentiate 

down various tissue pathways.

Several groups have reported on the use of MSCs in 

preclinical animal models of salivary gland damage induced 

by radiation. Fang et al reported on the use of bone marrow 

cellular components in irradiated salivary glands of mice.28 

These injections restored saliva flow and protected salivary 

cells and blood vessels from irradiated damage. In addition, 

culture-expanded bone marrow MSCs can migrate to dam-

aged salivary glands after either intravenous or intraglandular 

injection.29 Histology of damaged glandular tissue that had 

been injected with MSCs demonstrated higher concentra-

tions of leukocytes, macrophages, and MSCs as compared 

to controls. This study indicated that MSCs could be retained 

in the damaged tissue and recruited cells to the area to pro-

mote healing.

Another group discovered that conditioned media used 

to grow ADSCs could be isolated and infused into mice 

following irradiation. The mice receiving injections had 
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increased salivation as well as higher levels of salivary pro-

teins relative to the control group.24 Xiong et al showed that 

culture-expanded ADSCs injected directly into the glands 

of rats following irradiation could lead to tissue remodeling 

with more blood vessel supply, less cellular death, and less 

fibrosis.30 According to quantitative reverse transcription 

PCR, treated rats also revealed higher expression of growth 

factors with evidence of differentiation of the ADSCs into 

acinar and ductal cells by immunohistochemical analysis.

Chen et al reported on the use of ADSCs and platelet rich 

fibrin (PRF) in the repair of a maxillofacial soft tissue defect 

in irradiated pigs.31 Both PRF and ADSCs facilitated repair 

in damaged glands, and the combined use was more effective 

than either alone. The treated groups had significantly higher 

amounts of blood vessels with less dead cells.

We report the first-in-man intraglandular injection of SVF 

followed by repeat injection of ADSCs suspended in PRP in 

a patient with xerostomia following radiation therapy.

Methods
study design
This first-in-man case study was completed on a 54-year-old 

male with severe xerostomia postirradiation due to throat 

cancer. Written informed consent was obtained from the 

patient for treatment and for publishing the study. SVF was 

injected into the right and left submandibular and parotid 

glands under ultrasound guidance. The patient received 

seven follow-up injections of the ADSCs plus PRP at 5, 

8, 16, 18, 23, 28, and 31 months postliposuction. Clinical 

evaluations were completed at each time point. The patient 

was monitored for serious adverse events to identify any 

fatal or life-threatening event that led to hospitalizations or 

required major medical intervention. Weight, blood pressure, 

height, and pulse were recorded as the physical parameters. 

The patient was evaluated for gland size by ultrasound using 

the same sonographer and machine.

Cell preparation and study intervention
Using an infiltration cannula, a tumescent solution was 

administered locally into the subcutaneous space into the 

flanks. Using a 3-mm Mercedes cannula, approximately 

120 mLs of fat was collected into a Toomey syringe. The 

SVF was isolated using a commercially available collec-

tion kit and enzyme (Adipocell Enzyme; US Stem Cell, 

Inc, Sunrise, FL, USA). Half of the cells were prepared for 

the final SVF pellet and half of the cells were placed into 

culture expansion. Approximately 1–3 mLs of autologous 

PRP was used to resuspend the final pellet of SVF. PRP was 

prepared by centrifuging autologous peripheral blood at 500g 

for 8  minutes. The remaining SVF was culture expanded to 

obtain pure populations of ADSCs. Briefly, the cells were 

placed into polypropylene dishes in a basal medium supple-

mented with 10% fetal bovine serum and proprietary growth 

factors. Nonadherent cells were washed away at media feeds 

which were completed every 3–4 days until confluence. Cells 

were passaged approximately 3–4 times until preparing doses 

of 10 million cells each.

The first series of injections containing SVF resuspended 

in PRP was prepared and reintroduced back into the patient 

within 4 hours. The SVF was divided into four injections of 

1.5 mLs of PRP each. The volume was introduced into the 

submandibular and parotid salivary glands on each side under 

ultrasound guidance. At each follow-up, the patient received 

2.5 million ADSCs resuspended in 1.5 mLs of PRP in both 

submandibular and parotid glands.

Results
adipose and sVF collection
The mini-lipoaspirate procedure was uneventful with no 

safety incidences reported. After isolating the SVF and 

removing the adipocyte population, approximately 60–100 

million nucleated cells remained. Half of the cells were 

prepared for direct injection and half for culture expansion. 

As reported in previous publications, the SVF population 

typically expressed greater than 50% CD34, with high 

viability (>90%). The cells also demonstrated the ability to 

differentiate down various pathways such as adipogenesis, 

osteogenesis, and chondrogenesis.14

transplantation procedure
The transplantation procedure was successful and was com-

pleted seven times. The patient received 1.5 mLs volume 

of PRP containing approximately 30–60 million cells in 

each gland followed by six repeat injections of pure ADSCs 

 (approximately 2.5 million cells in each) in 1.5 mLs of PRP. A 

volume of approximately 1.5 mLs of cells in PRP was placed 

directly into the salivary glands as determined by ultrasound. 

The glands were visible on the ultrasound monitor, and needle 

placement was confirmed in the center of the gland. Table 1 

presents a summary of injections completed with the corre-

sponding dates and time line.

Efficacy outcomes
The patient reported an increase in saliva production over the 

31-month follow-up period. In addition, the glands increased 

in size from baseline to 31 months as shown in Table 2. 
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The glands increased approximately 2–4 mm in size from 

baseline. The patient also reported overall improvements in 

quality of life.

safety analysis
No severe adverse events were reported throughout the moni-

toring. The patient did not report any other events.

Discussion
Xerostomia postradiation includes severe dry mouth, and 

current clinical options are limited. Promising preclinical 

results using cellular medicine have been reported in the 

literature. SVF followed by repeat dosing with culture-

expanded ADSCs may be a feasible therapy for this debili-

tating condition. Utilizing an ultrasound-guided technique 

and local anesthesia, the cells can be easily placed directly 

into the glands. The volume of PRP that can be added to the 

glands is limited to about 1–2 mLs due to structural size. 

Additional studies with larger sample sizes could determine 

appropriate ADSC dosing (i.e., number of cells) and timing.

The use of stem cells to repair damaged tissue is a novel 

approach, and the true mechanisms of action are not fully 

understood at this point. It is unclear if the injected stem 

cells engraft and contribute to the formation of tissue or if 

benefits are created by a paracrine/immunomodulatory effect. 

The clinical efficacy is most likely due to a cascade of events 

stimulated by the injected growth factors associated with 

both the PRP and the stem cells. The complex interaction 

of the growth factors may lead to reduced inflammation and 

stimulate new tissue formation.

This first-in-man case demonstrated the safety and feasi-

bility of direct injection of SVF and ADSCs in PRP in a severe 

xerostomia patient. The procedure was well tolerated, and no 

major safety events were reported. In addition, the patient 

demonstrated an increase in gland size as calculated by ultra-

sound with corresponding clinical response of increased saliva 

production. Because this case study suggested that SVF and 

serial ADSC injections were safe and feasible, future studies 

are warranted to determine the efficacy. Large clinical stud-

ies could establish the expected outcomes and efficacy of the 

therapy. Larger double-blind studies could address theoretical 

safety concerns such as teratoma formation or interference 

with the immune system (i.e., immunosuppression).

Abbreviations
ADSC, adipose-derived stem cell; MSC, mesenchymal stem 

cell; PRF, platelet-rich fibrin; PRP, platelet-rich plasma; SVF, 

stromal vascular fraction.
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Table 1 summary of treatment dates

Treatment Date Timeline

pre-sVF 23-apr-14 Baseline
1st MsC 20-sep-14 5 months
2nd MsC 9-Dec-14 8 months
3rd MsC 12-aug-15 16 months
4th MsC 7-oct-15 18 months
5th MsC 9-Mar-16 23 months
6th MsC 24-aug-16 28 months
7th MsC 30-Nov-16 31 months

Abbreviations: sVF, stromal vascular fraction; MsC, mesenchymal stem cell.

Table 2 summary of gland size as measured by ultrasound

  Ultrasound measurements

Treatment Date Right submandibular  
gland (mm)

Left submandibular  
gland (mm)

Right parotid  
gland (mm)

Left parotid  
gland (mm)

pre-sVF 23-apr-14 31.5 × 7.6 30 × 8.7 – –
3rd MsC 12-aug-15 32.4 × 8.2 29.8 × 8.5 32.9 × 10.5 33.2 × 10.3
4th MsC 7-oct-15 33.9 × 12.7 32.9 × 8.8 32.3 × 15.7 33 × 15
5th MsC 9-Mar-16 34.4 × 12.8 31.3 × 9.1 35.5 × 17.2 32.9 × 16.2
6th MsC 24-aug-16 36.1 × 13.3 32.7 × 8.8 38.5 × 17.3 32.4 × 16.9
7th MsC 30-Nov-16 34.1 × 8.5 31.0 × 8.7 36.4 × 13.3 36.8 × 13.0

Abbreviations: sVF, stromal vascular fraction; MsC, mesenchymal stem cell.
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