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Abstract

Chronic hyperglycemia in both type 1 and type 2 diabetes commonly leads to microvascular diseases of the eyes, kidneys, and 
peripheral nerves. Diabetic peripheral neuropathy (DN) commonly affects the lower limbs first and can result in nerve damage 
leading to gradual onset of foot pain, tingling, numbness, muscle weakness, and extreme sensitivity to touch. Mesenchymal stem 
cells (MSCs) have been shown to have anti-inflammatory, neurotropic, neuroprotective, and angiogenic effects through paracrine 
signaling. From this pilot study, we propose a potential method of reversing DN-associated nerve damage using mesenchymal stem 
cell secretion product-conditioned cream applied directly to affected areas.

Adult type 2 diabetic patients (T2D) with progressive neuropathy and non-type 2 diabetic patients (non-T2D), mean age 52.5 years, 
were invited to participate in this pilot study where they were provided a vial of newly-formulated Neurocream, an MSC media-
conditioned cream (MSCM-conditioned cream) to apply twice daily to the soles of their feet after brief micro needling.

Individuals in the T2D group experienced an average decrease in all symptoms of approximately 50% at 30 days, and individuals in 
the non-T2D group experienced a 57% decrease in swelling, a 40% reduction in foot pain, and no change in reported tingling after 
30 days of Neurocream use. All participants reported improved sleep.

Our study indicates that MSC-conditioned media could be a novel alternative to current diabetic peripheral neuropathy treatments 
(medications, topical anesthetics, surgery). This method may also reverse existing nerve damage in addition to providing relief from 
severe DN symptoms.
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Introduction
Diabetes is a chronic condition that affects the body’s ability 

to utilize glucose for conversion to energy. The two most prevalent 
forms of diabetes are type one and type two. In type one diabetes 
(T1D), an individual’s pancreatic β cells are targeted and destroyed 
by the host’s immune system. The result is an absence of insulin  

 
secretion by the pancreas, impaired glucose uptake in insulin-sen-
sitive tissues, and a resulting hyperglycemia [1]. Type two diabetes 
(T2D) also results in impaired glucose uptake in tissues, however, 
its progression is explained through genetic, as well as metabolic, 
and environmental risk factors [1,2]. While factors like ethnici-
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ty, age, and family history of diabetes are non-modifiable, obesity 
and lifestyle can be modified, and they represent the strongest risk 
factors for the development and progression of T2D [1]. Together 
type one and type two diabetes affect approximately 10% of the US 
population (37 million individuals) making diabetes the sixth most 
common chronic disease and cause of death in the united states 
[3,4]. Of the total number of diabetics in the united states, approxi-
mately 90-95% of cases are type 2 [5]. The large prevalence of cases 
results in a total cost of approximately $327 billion, or nearly 10% 
of total healthcare spending in the US each year [3].

Diabetic Peripheral Neuropathy

Chronic hyperglycemia in both T1D and T2D commonly lead to 
microvascular diseases of the eyes, kidneys, and peripheral nerves 
[6]. Diabetic peripheral neuropathy (DN) commonly affects the 
lower limbs first and can result in nerve damage leading to gradual 
onset of foot pain, tingling, numbness, muscle weakness, extreme 
sensitivity to touch, and heat intolerance among other symptoms 
[7].

While intense research has been conducted in recent years 
into the development and progression of DN, there is no consensus 
about its pathophysiology. Some studies have shown that increased 
systemic iron levels are associated with increased risk of develop-
ing diabetes [8,9]. This led the authors to conclude that high iron 
levels might be associated with the progression and severity of di-
abetes symptoms. Yet, Baum et al. demonstrated the opposite in an 
animal model; low iron levels were associated with increased in-
flammation and nerve fiber degeneration. Additionally, they found 
that obesity and dyslipidemia were associated with increased pe-
ripheral nerve inflammation [10]. In their model, chronic hyper-
glycemia leads to an increase in reactive oxygen species (ROS) in 
tissues including peripheral nerves. Increased ROS presence up-
regulates transcription factors like NFκB which ultimately produc-

es a cocktail of pro-inflammatory cytokines: IL-1β, IL-2, IL-8, IL-6, 
TNF-α, CCL2, and CXCL1 [10]. Chronic inflammation of peripheral 
nerves leads to their destruction and ultimately the emergence of 
symptoms associated with DN.

Under physiologic conditions, Schwann cells (SCs) play a central 
role in the survival and repair of peripheral neurons. They secrete 
various neuroprotective factors that provide neural support against 
reactive oxygen species (ROS), and inflammation in pathological as 
well as physiologic states [11,12]. Both peripheral neurons (PN) 
and Schwann cells are sensitive to excessive ROS levels like those 
seen in T2D. Therefore, T2D could lead to a state of enhanced PN 
death both directly from ROS, and indirectly from SC death [13]. De 
Gregorio et al. demonstrated a complete reversal of the impaired 
neuron regeneration phenotype in distal root ganglion (DRG) neu-
rons in diabetic mice as well as a significant reduction in apopto-
sis in both DRG neurons and SCs in vivo using mesenchymal stem 
cell-conditioned media [13].

Current Treatments for Peripheral Neuropathy

Peripheral neuropathy is a serious complication of diabetes and 
is associated with increased all-cause mortality and morbidities 
such as foot ulcers, poor wound healing, local and systemic infec-
tion, limb amputation, and painful neuropathic symptoms [14]. DN 
is also typically diagnosed during later stages when disease pro-
gression has already led to irreversible nerve damage. Current first-
line treatments are geared toward improving the painful symptoms 
of DN. In addition to careful diabetes management, analgesics, an-
ti-seizure medications like pregabalin, certain antidepressants like 
duloxetine and amitriptyline, and topical agents containing lido-
caine all work to treat DN by reducing associated pain [7]. While 
there is a wide array of pharmacological therapies available, cur-
rently, there are no FDA-approved treatments to reverse the dam-
age caused by DN.

Mesenchymal Stem Cells

Figure 1: Schematic depicting the basic relationship between the three embryonic layers and major stem cell types including mesenchymal stem 
cells (MSCs). Figure generated in Microsoft Word®.
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Mesenchymal stem cells (MSCs) are a unique type of adult stem 
cell in that they have the ability not only to differentiate into their 
own mesodermal lineage to give rise to new bone, cartilage, muscle, 
connective tissues, and fat, but also into endodermal and ectoder-
mal lineages as well [15]. (Figure 1) provides a schematic of the re-
lationship between embryonic layers and the major stem cell types. 
Bone marrow MSCs, a subtype of mesenchymal stem cell, migrate 
to sites of tissue damage where they differentiate into cell subtypes 
involved in tissue repair [15]. And, since they can be isolated from 
bone marrow aspirate and expanded to large numbers in culture, 
these MSCs make an ideal cell type for use in healing and regenera-
tive medicine applications [16].

MSCs are recruited to different locations in the periphery by 
chemokine release from sites of injury. Stromal derived factor-1 
(SDF-1) is an example of such a chemokine, and its ability to attract 
BMSCs is well characterized [17]. Osteopontin (OPN) secreted by 
several cell types, has been shown to attract BMSCs to sites of active 
bone remodeling, vascularization, cell regeneration, and inflamma-
tion [17,18]. Other central factors involved in MSC migration and 
tissue repair include: basic fibroblast growth factor (bFGF), vascu-
lar endothelial growth factor (VEGF)-A, hepatocyte growth factor 
(HGF) platelet-derived growth factor (PDGF), and transforming 
growth factor (TGF-β) [17]. (Table 1) depicts these main repair-sig-
naling molecules and the cell types that secrete them.

Table 1: Centrally-involved cytokines and factors involved in mesenchymal stem cell (MSC) migration and tissue repair.

Cytokine Secreted by Functions

Stromal derived factor-1 (SDF-1)

- Primarily fibroblasts and vascular endothelial 
cells[19] 

- Constitutively expressed in: skin liver, lung, 
brain, kidney, heart, colon, lymph nodes, bone 

marrow[19]

- hematopoietic progenitor (MSC) migration 
and retention, neovascularization at sites of 

injury[17,20]

Osteopontin (OPN)

- Osteoblasts, osteoclasts, epithelial, endothelial, 
and immune cells[18] 

- Constitutively expressed in: skin, bone, kidney, 
breast, lungs, bone marrow, gall bladder, and 

luminal surfaces of various glands[21]

- MSC migration, bone and tissue remodeling, 
reduces calcification in epithelial tissues[17,22]

Basic fibroblast growth factor (bFGF)

-Acidic FGFs: bone marrow stromal cells, brain, 
retina

- Basic FGFs: pituitary gland, neural tissue, adre-
nal cortex, corpus luteum, placenta[23,24]

- MSC migration, differentiation, proliferation, 
and survival of mesoderm-derived cell lineages, 

wound healing[17,23,25]

Vascular endothelial growth factor (VEGF) - Keratinocytes, platelets, macrophages, tumor 
cells[26]

- MSC migration, wound healing, bone formation, 
hematopoiesis, neovascularization[17,26]

Hepatocyte growth factor (HGF) - Mesenchymal cells[27,28]
- MSC migration, epithelial cell proliferation, 

motility, morphogenesis, angiogenesis various 
organs[17,27]

Platelet-derived growth factor (PDGF) - Activated platelets, macrophages, endothelial 
cells, fibroblasts[29]

- Enhances MSC migration, wound healing, dif-
ferentiation, cell proliferation, connective tissue 

homeostasis[29]

Transforming growth factor (TGF-β) - Fibroblasts, epithelial cells[30]
- MSC recruitment, angiogenesis, fibroblast 

proliferation, collagen synthesis, deposition, and 
remodeling of ECM, anti-inflammatory[17,30]

Stem cell factor (SCF) - Fibroblasts, smooth muscle, endothelial cells, 
macrophages, and mast cells[31]

- MSC recruitment, proliferation, differentiation, 
and survival[17,32]

Mesenchymal Stem Cells and Wound Healing

Once at the site of injury, mesenchymal stem cells initiate the 
healing process by several mechanisms: directed differentiation, fu-
sion with local cells, microvesicle/exosome release, and paracrine 
signaling [33]. Stem cell-derived microvesicles have been shown 
to transfer mRNA, microRNA, and proteins to adjacent cells. It is 
thought that this horizontal gene transfer may help inhibit apop-
tosis and promote cell cycle entry thereby inducing replication of 
already differentiated cells [34]. Given the local function of MSC-de-
rived microvesicles on target cells, their release may be considered 
a part of the paracrine-directed healing response.

Paracrine signaling has been shown to be the main mechanism 
by which MSCs direct wound healing [33]. As previously discussed, 
bFGF, VEGF, HGF, PDGF, TGF-β, OPN, and SDF-1 are all potent para-
crine factors secreted by BMSCs at sites of tissue injury that direct 
and enhance wound healing. While each factor has a predominant 
role (Table 1), they are not secreted in isolation, rather, they are 
released in combinations and at varying concentrations based on 
the tissue damage site [17]. Other stem cell-derived factors and 
cytokines involved in inflammation and healing not previously dis-
cussed are listed in (Table 2).
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Table 2: Stem cell-derived cytokines and growth factors involved in inflammation, healing, and neuron survival and growth.

Cytokine/ Factor Overall effect

IL-1 Pro-inflammatory, chemokine release

IL-6 Pro-inflammatory, monocyte recruitment

IL-8 Pro-inflammatory, monocyte recruitment[35]

IL-10 Anti-inflammatory, decrease neutrophils/antigen presenting cells

IL-13 Anti-inflammatory[36]

IL-18 Cytokine upregulation, pleiotropic effects, anti-inflammatory[37]

Tumor necrosis factor (TNF α) Pro-inflammatory, vascular permeability, cell proliferation

Tumor necrosis factor (TNF β) Anti-inflammatory, type 1 collagen production[38]

Insulin-like growth factor (IGF-1) Growth hormone regulation[39]

Nerve growth factor (NGF) Growth, development, and sympathetic/ embryonic sensory neurons[40]

Neurotrophin 3 factor (NT3) Neuron survival and differentiation, new neuron growth[41]

Brain-derived neurotrophic factor (BDNF) Neuron survival and growth[42]

Glial-cell-line-derived neurotrophic factor (GDNF) Motor and dopaminergic neuron survival[43]

Ciliary neurotrophic factor (CNTF) Sensory and motor neuron survival[44]

Use of MSC-conditioned Media to Decrease Neuronal Inflam-
mation and Increase Axon Repair

MSC engraftment studies have demonstrated enhanced wound 
healing outcomes as well as nerve regeneration, however, this meth-
od comes with the risk of developing teratomas [17,45]. Instead, 
MSC-conditioned media containing growth factors and chemokines 
is an attractive alternative. BMSCs secrete neurotrophic factors like: 
nerve growth factor (NGF), glial-cell-line-derived neurotrophic fac-
tor (GDNF), brain-derived neurotrophic factor (BDNF), and ciliary 
neurotrophic factor (CNTF) all of which promote nerve survival and 
growth [45].

Furthermore, MSCs have been shown to have anti-inflamma-
tory, neurotropic, neuroprotective, and angiogenic effects due to 
release of tumor necrosis factor β1 (TNF), interleukin 13, 18, cili-
ary neurotrophic factor (CNTF), and neurotrophin 3 factor (NT3) 
in addition to release of: BDNF, NGF, bFGF, CNTF [36]. Release of 
VEGF, IGF, PDGF, IL-6, IL-8, TGF-β, and HGF from BMSCs promotes 
angiogenesis and enhances healing at sites of injury. Last, MSCs can 
promote nerve regeneration by inhibiting inflammation and apop-
totic pathways [36]. From this pilot study, we propose a potential 
method of reversing DN-associated nerve damage using mesenchy-
mal stem cell secretion product-conditioned cream applied directly 
to affected areas.

Materials and Methods

Stem Cell Media-conditioned Cream

Following culture, the stem cell-conditioned media was col-
lected and frozen in sterile bottles at -80oC. Bottles of conditioned 
media were sent in temperature-monitored boxes in dry ice to our 
formulator where the media was blended with polysorbate 80 us-
ing overhead mixer and Heidolph Overhead Stirrer Impeller BR 12 
Pivoting-Blade at a 30o angle for 1 hour at 400 rpm.

The stem cell media and sorbate blend was slowly added to a 
cream base and stirred at 600rpm with a straight blade impeller. 
The blended formulation was left to rest at room temperature for 2 
hours. The blended cream was either transferred to an aseptic fill-
er hopper for bottling in airless containers or to climate-controlled 
storage at 20oC until filled. Samples were labeled and shipped using 
standard methods as the formulation is stable after filling. Each lot 
of MSC-conditioned media vials was labelled with a production date 
and unique lot number. Samples from each lot were subjected to 
internal quality control including aerobic, anaerobic microbiology 
(48 hr and 7-day review). One vial from each lot was archived while 
the remaining vials were stored at 4ºC until they were distributed. 
Each vial was shipped with use instructions. Needle rollers were 
advised to be used with caution and as per the instructions provid-
ed by the manufacturer.

Other Ingredients in Neurocream

Organic aloe leaf juice, SCM conditioned media, Glycerin, DMAE 
Bitartrate, Meadowfoam Seed Oil, Emulsifying Wax, MSM, Vitamin 
E, Sunflower Seed Oil, Organic Blue Green Algae Extract, Organic 
White Willow Bark Extract, Organic Neem Seed Oil, Organic Rose-
mary Leaf Extract, Organic Sunflower Seed Oil, Organic Alcohol, 
Xanthan Gum, Tetrasodium Glutamate Diacetate, Organic Peper-
mint Oil.

Participants/ Pain Score

Adult type 2 diabetic patients (T2D) with progressive neurop-
athy and non-type 2 diabetic patients (non-T2D), mean age 52.5 
years, were invited to participate in this pilot study where they 
were provided a vial of newly formulated MSC media-conditioned 
cream (MSCM-conditioned cream). Patients completed a brief sur-
vey before and after one month of treatment. All participants in the 
T2D group reported taking metformin daily, and nobody in either 
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group reported regular use of medications for neuropathy.

Participants applied our MSCM-conditioned cream twice daily 
to the soles of their feet after brief micro needling (0.25μm).

Neurocream Application Protocol

After bathing and washing the affected area, participants were 
instructed to spray the 25μm needle roller and feet soles with dis-
infectant spray. The disinfectant spray was allowed to dry for 1 to 
2 minutes, after which, the serum was applied. Participants were 
then instructed to roll the needle roller gently over the applied se-
rum. Once done, the microneedle roller was rinsed and disinfected.

Statistical Analysis

Quantitative values were presented as mean ± standard devi-
ation. Statistical analysis was conducted in Excel®. An unpaired, 
two-tailed t-test assuming unequal variance was used to compare 
differences between the treatment and the control groups at spe-
cific time points. A value of p<0.05 was considered statistically sig-
nificant.

Results
In a pilot trial of three adult type 2 diabetic patients (T2D) and 

three adult non-type 2 diabetic participants (non-T2D), mean base-
line scores for individuals in the type 2 diabetes (T2D) group were 
4 (severe) for foot pain, 4 (severe) for tingling in the feet, and 3.3 
(high-severe) for foot swelling. Mean baseline scores for individu-

als in the non-T2D group were 1.67 (slight-moderate) for foot pain, 
1 (slight) for tingling in the feet, and 2.3 (moderate-high) for foot 
swelling. Mean scores after 30 days of twice-daily topical applica-
tion for individuals in the T2D group were 2 (moderate) for foot 
pain, 2 (moderate) for tingling in the feet, and 1.67 (slight-moder-
ate) for foot swelling. Mean scores after 30 days of twice-daily topi-
cal application for individuals in the non-T2D group were 1 (slight) 
for foot pain, 1 (slight) for tingling in the feet, and 1 (slight) for foot 
swelling.

See table (Table 3) for mean baseline and 30-day scores ±SEM. 
Individuals in the T2D group experienced an average decrease in 
all symptoms of approximately 50% at 30 days, and individuals in 
the non-T2D group experienced a 57% decrease in swelling, a 40% 
reduction in foot pain, and no change in reported tingling after 30 
days of Neurocream use. All participants reported improved sleep.

The largest decrease was in the swelling score for the control 
group (57%), however this group saw no change in tingling from 
baseline through 30 days. In contrast, the T2D group’s foot pain, 
tingling, and swelling scores were all decreased by 50% in 30 days. 
Between groups, foot pain and tingling scores were greater in the 
T2D group compared to the control group at baseline. At the end 
of the 30-day trial there was no significant difference in foot pain, 
tingling, or swelling between groups after using Neurocream for 30 
days see (Figure 2). (Table 4) depicts quantitative pain scores from 
(Table 3) as descriptive measurements (none, mild, moderate, se-
vere, and intolerable).

Figure 2: Mean self-reported scores for individuals in the type 2 diabetic group (T2D) and the non-type 2 diabetes group (non-T2D) at baseline 
(Pre) and after 30 days of daily topical application of Neurocream. Error bars are ±SEM, n=3. Individuals in the T2D group experienced an average 
decrease in pain score in all symptoms of approximately 50% at 30 days, and individuals in the non-T2D group experienced a 57% decrease in 
swelling, a 40% reduction in foot pain, and no change in reported tingling after 30 days of daily Neurocream use. Figure generated in Microsoft 
Excel®.
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Table 3: Mean self-reported scores ±SEM for individuals in the type 2 diabetic group (T2D) and the non-type 2 diabetes group (non-
T2D) at baseline and after 30 days of twice-daily topical application of Neurocream n=3.

T2D Non-T2D

Foot pain Tingling Swelling Foot pain Tingling Swelling

Baseline 4 ± 0.03 4 ± 0.58 3.33 ± 0.33 1.67 ± 0.33 1 ± 0.03 2.33 ± 0.33

30 days 2 ± 0.58 2 ± 0.58 1.67 ± 0.33 1 ± 0.58 1 ± 0.58 1 ± 0.33

Table 4: Self-reported levels of foot pain, tingling, and swelling in the type 2 diabetic group (T2D) and the non-type 2 diabetes group 
(non-T2D) at baseline and after 30 days of twice-daily topical application of Neurocream n=3.

T2D Non-T2D

Foot pain Tingling Swelling Foot pain Tingling Swelling

Baseline severe severe high-severe slight-mod slight mod-high

30 days mod mod slight-mod slight slight slight

Discussion
Diabetic peripheral neuropathy (DN) is a complication of dia-

betes that arises from chronic inflammation which leads to struc-
tural and functional changes in peripheral nerves. This occurs 
most-commonly in the lower extremities and results in increased 
morbidity and mortality [14]. Stem cell-based therapies represent 
a potential new type of wound healing treatment, especially for 
intractable, non-healing pathologies like DN. The use of stem cells 
to enhance wound healing only began to gain attention around the 
early 2000s. The number of wound healing studies implementing 
mesenchymal stem cells (MSCs) has increased appreciably only 
within the last few years, and several studies have demonstrated 
MSC’s potential to enhance wound healing and reduce inflamma-
tion beyond what occurs with conventional treatment methods 
[46-50]. The direct application of cells to traumas and pathologies 
presents several challenges, however. Some of which include: histo-
compatibility, tumor formation, cell collection, storage and delivery 
conditions, commercialization of cell-based therapies, and public 
perception [51,52].

In light of these challenges, and with the knowledge that 
MSC-directed healing occurs predominantly through paracrine 
effects, focus has shifted to the development of cell-free therapies 
like the use of MSC-conditioned media. Studies support the efficacy 
of this delivery method in numerous tissue types and pathologic 
states including: keloid scars, dermal trauma, periodontal disease, 
hypoxia-induced endometrial injury, and diabetic neuropathy [13, 
53-56].

Using MSC-conditioned media, we observed a 50% reduction 
in foot pain, tingling in the feet, and swelling in the diabetic group. 
This may have been due to the presence of neuroprotective factors 
like NT3, BDNF, GDNF, and CNTF, as well as anti-inflammatory, an-
ti-apoptotic cytokines like TGF-β, IL-10, IL-13, IL-18, and TNF β 
from the MSC-conditioned media in Neurocream. Although results 
were not statistically significant, a 50% reduction in foot pain, from 
severe to moderate in all three scores, would likely be clinically sig-
nificant and likely a welcome relief to patients suffering from DN. 
Similarly, the 40% and 57% reduction in foot pain and swelling 
scores in the non-diabetic group provide evidence that Neurocre-

am may be of benefit to a broader range of individuals, even those 
not suffering from diabetes. Although the tingling scores for indi-
viduals in the non-diabetic control group remained constant from 
baseline to 30 days, people in this group reported an average score 
of 1 (slight) at both time points. This suggests, tingling was not a 
predominant sensation for these individuals rather than suggesting 
the MSC-media had no effect on this symptom.

While these results are promising, there were some limitations 
to our study. First, the small sample size (n=3) could affect reliabil-
ity. However, this was a pilot study, and the results show that a fol-
low up study with a larger sample would be warranted to validate 
these results. Second, Neurocream was applied for 30 days which 
may not have been long enough to elucidate the full effects of the 
treatment. A longer topical application period may have reduced 
foot pain, tingling, and swelling further or even eliminated them al-
together. Prolonged use of cytokines and growth factors could have 
had negative effects locally such as increased inflammation or local 
immunosuppression. Third, the conditioned media was not charac-
terized in this study. Characterization could provide insights into 
the predominant cytokines/factors involved in DN symptom ame-
lioration. This could allow for development of a cytokine/ growth 
factor serum without the need for MSC collection and culture. A fu-
ture study would seek to address these current limitations.

Conclusion
Our study indicates that MSC-conditioned media could be a 

novel alternative to current diabetic peripheral neuropathy treat-
ments (medications, topical anesthetics, surgery). This method 
may also reverse existing nerve damage in addition to providing 
relief from severe DN symptoms. Future prospective studies will 
further investigate these beneficial effects of Neurocream including 
novel methods to enhance growth factor penetration into the skin 
to deliver their healing cargo.

Statement of Research Involving Human Parti-
cipants

Patients involved in this trial reviewed and signed a standard 
medical consent.
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