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ABSTRACT

Commercial stem cell clinics in the UK are offering therapies of unproven efficacy that have the
potential to cause harm. Marketing information used to advertise the therapies is often misleading
and prices can be extortionate. Most so-called ‘stem cell’ therapies are currently exempt from
regulations. This needs to be addressed urgently to stop patients from being subjected to financial,
physical or psychological harm. To address these problems, we have made several recommenda-
tions, which include better education for healthcare professionals, concerted action by regulators
and new legislation.
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Origin of the stem cell industry

Two landmark papers expedited the growth of the global stem cell industry. A paper by Thomson
and colleagues in 1998 describing the isolation of pluripotent human embryonic stem cells (hESCs)
heralded the era of regenerative medicine (Thomson et al., 1998). Then in 2002, a paper by Jiang
and colleagues claimed that mesenchymal cells with similar properties to hESCs could be isolated
from bone marrow (Jiang et al., 2002). The ethical dilemmas surrounding hESC research probably
explains why Jiang’s 2002 paper attracted much attention; in contrast to hESCs, mesenchymal cell
procurement does not require human embryos. However, Jiang’s results could not be replicated and
problems with the data were soon identified (Aldhous and Samuel, 2007; Schneider, 2016). The
Jiang paper was finally retracted in June 2024. At the time of retraction it had been cited almost
4,500 times, making it ‘the most-cited retracted paper, ever’ (Kincaid, 2024).

Following the 2002 Jiang publication, many papers reported that mesenchymal ‘stem’
cells (MSCs) from various sources, including adipose tissue and umbilical cord, could generate
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various specialized cells, including neurons. However, more careful analyses showed that
MSCs have limited ability to generate other cell types, and that populations of MSCs contain
few, if any, actual ‘stem’ cells (Caplan, 2017). It has been proposed that MSCs are actually
fibroblasts because the properties of these two cell types are indistinguishable (Hematti, 2012).
Most academic researchers now refer to MSCs as mesenchymal ‘stromal’ cells rather than
‘stem’ cells. But the hype generated by the many erroneous MSC papers helped create a market
demand for MSC therapies.

One of the first private clinics was Vannoni’s Stamina Foundation in Italy. The clinic
claimed MSCs could be converted to neurons and used successfully to treat patients with neuro-
logical conditions such as Parkinson’s disease (Turone, 2014). The clinic’s activities provoked
widespread condemnation and Vannoni was eventually convicted for conspiracy and fraud in 2015.
Other high-profile clinics that were closed down after harming patients include Germany’s X-Cell
Centre (Tuffs, 2010), and the Advanced Cell Therapeutics company that operated across many
countries, including the UK (Watts, 2006).

Despite widespread media coverage of the harmful practices of rogue stem cell clinics,
the stem cell industry has expanded dramatically. In the United States, there were just two stem
cell companies in 2009, but by 2021, almost 1,500 had been identified (Turner, 2021). An
analysis of the global distribution of private stem cell clinics in 2016 ranked the UK sixth with
a total of 16 clinics (Berger et al., 2016). There has been little scrutiny of the stem cell industry
in the UK. Erikainen and colleagues found that 106 facilities in the UK were administering
‘stem’ cell therapies, mostly for orthopaedic conditions and cosmetic enhancement (Erikainen
et al.,2019). Erikainen’s study found that the information on websites tended to be inaccurate.
Likewise, Kamel and Smith reported that the majority of UK clinics were presenting mislead-
ing information and/or omitting information on potential adverse effects (Kamel and Smith,
2021). We investigated the UK’s commercial stem cell clinics in more detail, assessing the
health conditions they claim to treat, the range of regenerative therapies advertised, the accu-
racy of the information provided to prospective patients and the risks such therapies pose. We
also examined the role of regulatory authorities.

Overview of the medical conditions being treated by UK clinics

To identify clinics, we undertook Google searches using similar key terms to those used in
Erikainen’s study (Erikainen et al., 2019), an example being ‘UK stem cell clinics’. Because our
focus was on the use of unproven stem cell therapies for medical conditions, we excluded clinics
offering therapies that have been approved by the UK National Institute for Clinical Excellence
(NICE), and those focusing exclusively on cosmetic procedures. We recognize that the ‘stem’ cell
therapies offered for cosmetic enhancement are also problematic, but it was beyond the scope of
this paper to include them. We identified 38 clinics (Table 1) offering therapies for medical condi-
tions, which is more than twice the number identified in 2016 (Berger et al, 2016). Eighteen of the
clinics we identified operated at multiple sites (Table 1). Thirty-five clinics offered stem cell thera-
pies for orthopaedic conditions, the most common being osteoarthritis and sports injuries. Five
clinics offered therapies to improve sexual health, sometimes in addition to therapies for orthopae-
dic conditions. Stem cell treatments for autism, anal fistulas and Lyme disease were exclusively
being offered by each of three clinics. One clinic advertised therapies for a wide range of conditions
including Parkinson’s disease, chronic obstructive pulmonary disease (COPD), diabetes, stroke and
cancer (Table 1).
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https://www.algocells.com/stem-cells/
https://www.blackberryclinic.co.uk/
https://www.edinburghclinic.com/services/orthopaedics/sports-injuries/plateletrich-plasma-prp-therapy/
https://www.harleystreetskinclinic.com/en/treatment-area/regenerativemedicine/
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https://www.hrorthopaedics.co.uk/hips/stem-cell-therapy/
https://www.kliniken.co.uk/joint/arthroscopy/
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The types of stem cell and regenerative medicine therapies on offer

After establishing the number of clinics and the conditions being treated, we considered the types
of therapies offered. In addition to therapies marketed as ‘stem cells’, we included biologics that are
typically badged as ‘regenerative’. Most clinics were offering autologous therapies derived from
the patient’s own bone marrow, adipose tissue or peripheral blood. The cell-based therapies are typi-
cally referred to as ‘mesenchymal stem cells’ or just ‘stem cells’. Five clinics offered ‘Lipogems®’,
comprising mechanically fragmented adipose tissue, claimed to contain MSCs. Twenty-three clin-
ics offered ‘platelet rich plasma (PRP)’, which is prepared by spinning down peripheral blood to
separate the platelets from other cell types. A typical claim made is that PRP stimulates the regen-
eration of tendons, ligaments and cartilage.

Although most clinics were marketing autologous therapies, two clinics were offering an
allogeneic therapy comprising umbilical cord-derived MSCs (UC-MSCs). Because these therapies
are allogeneic, and are administered without anti-rejection medication, all injected cells are likely
to be dead within a short time frame as a result of rejection by the recipient. One of these clinics was
focusing on orthopaedic conditions and cosmetic enhancement, but was also providing the UC-MSCs
to the other clinic, which advertised the cells as a treatment for various incurable diseases, with
prices starting from £20,000.

What is the evidence that the therapies being offered are safe and effective?

Next, we examined the evidence supporting the use of the different ‘stem’ cell therapies for
the conditions the clinics treat. It would be beyond the scope of this paper to discuss all condi-
tions, so we have focused on therapies for COPD and Parkinson’s disease, and MSC treat-
ments for osteoarthritis, which are offered by most UK ‘stem’ cell clinics. For COPD, one
clinic’s website states: ‘Stem cell treatment is the closest you will get to a lung transplant due
to its ability to regrow damaged tissue’. The evidence to support this statement is not robust.
The American Thoracic Society states: ‘there is no reliable evidence that stem cell treatments
are effective for any lung disease’ (American Thoracic Society, 2017). A possible risk is that
the MSCs could lead to pulmonary embolism (Moll et al., 2022). This is a potentially lethal
risk, particularly for patients with COPD whose pulmonary function and pulmonary vascular
reserve are already compromised, and pulmonary artery pressures are already increased. When
MSCs are used in well-controlled clinical trials, their safety profile is good because the medi-
cal practitioners administering them are aware of the potential side effects. However, in poorly
regulated environments, patients are at considerable risk. For instance, thromboembolism has
been reported in two cases following intravenous administration of umbilical cord tissue-
derived MSCs (Wu et al., 2017), and a patient died in a Japanese clinic from pulmonary embo-
lism (Cyranoski, 2010).

As for Parkinson’s disease, one clinic stated that stem cells with the ability to make
dopaminergic neurons reside in bone marrow, fat and umbilical cord tissue, and referred to the
umbilical cord cells as an ‘embryonic stem cell treatment’. First ‘stem’ cells found in bone
marrow, fat and umbilical tissue cannot generate dopaminergic neurons. Second, it is incorrect
to refer to umbilical tissue as an ‘embryonic stem cell treatment’. Embryonic stem cells are
pluripotent cells that are present only in pre-implantation embryos. They are not found in
umbilical cords. Misrepresentation of cord cells as an embryonic stem cell-based therapy has
the potential to mislead patients. Those with incurable neurological diseases are particularly
vulnerable. A recent survey in the US found that 64.5% of neurologists reported that one or
more of their patients had received an unproven stem cell therapy (Julian et al., 2020). Of con-
cern, 24.6% reported that their patients had experienced complications that related to the
therapy; these included infection, stroke and death.
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Clinics offering regenerative therapies for osteoarthritis, also known as ‘orthobiologics’,
typically claim that the treatments can delay or prevent the need for joint replacement. To assess
this claim, we analysed an extensive list of research publications compiled by one particular clinic
and portrayed as providing the clinical evidence that the treatments worked. Of the 90 papers
listed, only six reported the results of randomized controlled trials (RCTs), and all claimed effi-
cacy of MSCs in osteoarthritis (Jo ef al., 2014; Lamo-Espinosa et al., 2016; Matas et al., 2019;
Freitag et al., 2019; Lee et al., 2019; Bastos et al., 2020). In all six studies there were fewer than
20 patients per group, giving the studies a low statistical power. In four of these studies, there was
a financial link between some authors and the company providing the cells, raising concerns about
potential bias. The clinic did not list papers that suggested MSCs were not effective, such as a
systematic review that concluded there was low confidence in MSC efficacy (Xing et al., 2018),
and a more recent review that found the certainty of the evidence for efficacy was low to very low
(Wiggers et al., 2021).

Given the unconvincing evidence of efficacy of regenerative medicine therapies for osteo-
arthritis, it is difficult to understand why UK clinics are allowed to sell them to patients for profit.
A paper by Murray and colleagues highlights the problems posed by unproven stem cell therapies
for orthopaedic conditions, noting that the administration of adipose-derived MSCs into the knee
joint can cause pain and swelling in up to 37% of patients (Murray et al., 2020). More serious exam-
ples of complications include two UK patients with life-threatening thrombosis after a regenerative
medicine product was injected into their hip joints, and another patient who developed an infection
which made their subsequent hip replacement much more complicated (Naish, 2020). The British
Orthopaedic Association recently published a document emphasising that there is no medical evi-
dence that orthobiologics result in any structural improvement or creation of new tissue, such as
articular cartilage, and that any treatment that involved injecting a substance into a joint is not with-
out risk (British Orthopaedic Association, 2022).

Most stem cell therapies offered by UK clinics are classed as ‘non-homologous’, meaning the
cells are expected to behave differently in their new environment from the way they behaved in the tis-
sue from which they were derived. In the US, the non-homologous use of cell therapies requires
pre-marketing approval from the US Food and Drug Administration (FDA). To lawfully market such
products, companies should obtain a biologics licence, which requires demonstrating the safety, purity
and potency of the cells to the FDA (FDA, 2020). In the US, several patients have experienced serious
complications, including septicaemia and sudden blindness following administration of ‘stem’ cell
therapies (Turner, 2021). A problem for the FDA is that there are now so many clinics marketing non-
compliant cell therapy products in the US that it may be impossible for the regulator to take enforcement
action against them all. In the UK, relevant authorities, such as the Medicines and Healthcare products
Regulatory Authority (MHRA), the Human Tissue Authority (HTA) and the Care Quality Commission
(CQC) appear to have no position on the non-homologous use of unproven ‘stem’ cell therapies (Naish,
2020). Although patients have suffered physical and financial harm, effective regulation is lacking. Our
most troubling finding is that two UK clinics advertised unlicensed and unproven allogeneic cell thera-
pies (UC-MSCs) for non-homologous use, even though Regulation 279 of the Human Medicines
Regulations 2012 prohibits advertising unlicensed medicines. Websites of both clinics stated, as a
unique selling point, that appropriate licences from the HTA and MHRA were in place. One of the clin-
ics claimed it provided ‘the UK’s first quantifiable and quality assured stem cells’. The cells used by
both clinics were being manufactured under an MHRA ‘specials’ licence. The UK’s General Medical
Council (GMC) requires that unlicensed medicines should be prescribed only to meet the specific needs
of an individual patient, and the prescribing doctor should be satisfied that there is sufficient evidence
to demonstrate the medicine’s safety and efficacy (GMC, 2021). It appears that this requirement was
overlooked by practitioners administering UC-MSC therapies at commercial clinics because there is no
robust evidence from Phase III RCTs to show that UC-MSCs are effective in the treatment of any
medical condition.
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Many of the UK clinics were undertaking activities that had the potential to mislead and/or cause
financial, physical or psychological harm to patients. These included (i) overstating the potential
benefits of the treatments and omitting possible risks; (ii) unsupported statements about the nature
and provenance of the therapies and how they behave following administration; (iii) breaching
Regulation 279 of the Human Medicines Regulations 2012 by advertising unproven ‘stem’ cell
therapies under an MHRA “specials’ licence; (iv) administering UC-MSCs for profit without obtain-
ing fully informed consent from cord donors; (v) medical doctors operating outside their area of
expertise (e.g., an aesthetic practitioner treating patients with COPD); (vi) patients being charged
extortionate prices for unproven treatments that cannot possibly benefit them and have the potential
to be harmful.

Collectively, the above activities fall within the remit of five different UK authorities: the
HTA, MHRA, CQC, GMC and the Advertising Standards Authority (ASA) (Panel 1). Only a few
clinics were engaged in all six activities, but the majority appeared to be engaged in misleading
advertising and were offering unproven treatments that have the potential to harm. A $US5.1
million judgement has been secured against a New York clinic for ‘scamming patients out of thou-
sands through false advertising’ (Office of the New York Attorney General, 2021). The Attorney
General in the case stated that ‘misleading New Yorkers who are seeking treatment for serious and
potentially life-threatening medical conditions is unlawful and an affront to our societal values’. In
the UK, one clinic has been rebuked by the ASA for publishing a misleading and unsubstantiated
advertorial about regenerative therapies for arthritis (ASA, 2020), but as far as we are aware, no UK
clinics have been prosecuted for false advertising.

Panel 1: Goals of relevant organizations

HTA

To ensure that human tissue and organs are used safely and ethically, and with proper consent.

MHRA

To protect and promote public health and patient safety by ensuring that medicines and medical devices meet
appropriate standards of safety, quality, performance and effectiveness.

To regulate the promotion of medicinal products and ensure that advertising complies with the legislation, and (using
statutory powers) take any necessary action, including the enforcement of criminal and/or civil sanctions when
breaches have been identified

ASA

To keep UK advertising legal, decent, honest and truthful.

CcQC

To make sure health and social care services provide people with safe, effective, compassionate, high-quality care.
GMC

To protect patient safety and improve medical education and practice across the UK.

In January 2022, the corresponding author (Patricia Murray) reported the two clinics offer-
ing allogeneic therapies to the ASA, MHRA and HTA. This was because of concerns for patient
safety, but also to see how the regulators would respond. The most responsive regulator was the
ASA, which said it had discussed the complaint with the MHRA, and that the MHRA was con-
ducting its own investigation in conjunction with other regulatory bodies (presumably the HTA).
The ASA indicated that, if there was anything it could do beyond the work of the MHRA, it would
be happy to take up the complaint again. The MHRA and HTA were not very forthcoming in
explaining how they would handle the complaint. Nevertheless, shortly after submitting the com-
plaint, the website of one of the clinics went off-line, and most of the information relating to stem
cells on the website of the other clinic was removed.



15 Smith et al.

One of the clinics and/or its clinical lead was also reported to the CQC and GMC, respec-
tively. These regulators were informed that seriously ill patients were being administered
inappropriate ‘stem’ cell therapies at extortionate prices, therapies likely to be of no benefit and
which could be harmful. The CQC said it was satisfied that the clinic was operating within CQC
regulations. The GMC advised contacting the CQC as it felt the CQC would be best placed to assess
the treatments being offered. Because the GMC appeared to have overlooked key elements of the
complaint, an appeal was submitted. According to the GMC website, the clinical lead has a previous
GMC finding of misconduct for poor clinical care of a patient.

The response of most UK authorities to the complaints highlights the inadequacy of the
regulations and their enforcement in regard to UK stem cell clinics. The only authority that responded
appropriately was the ASA. Although the MHRA and HTA seemed to be investigating, the com-
plainant was not informed. It is also unlikely that the results of any investigation or enforcement
action will be publicly disclosed, so prospective patients will also be uninformed. Most worrying
were the responses of the CQC and GMC, whose main aim is to ensure patient safety (Panel 1).
Both of these authorities were happy to overlook questionable practices that had potential to harm
patients. Unfortunately, such inertia serves to embolden practitioners who are engaged in exploita-
tive and potentially harmful activities.

An issue that our investigation revealed is that none of the UK regulators is addressing the
problem of unproven ‘stem cell’ therapies being offered to patients for profit. Most clinics are mar-
keting autologous therapies that are prepared and injected in a single session. This practice is not
regulated. The problems this poses were highlighted in a media article in 2020 (Naish, 2020), which
included the following quote from the MHRA on autologous ‘stem’ cell therapies: ‘we are currently
consulting with relevant stakeholders and reviewing their submissions’. The result of the consulta-
tion has not been made public. The article concludes with the question ‘How many more people
must fall victim before UK regulators finally act?” Now that UK stem cell clinics are expanding into
treatments for serious conditions, such as Parkinson’s disease, COPD and autism, this question is
all the more urgent.

Time for action

Medical regulators have a poor record for dealing with doctors who exploit desperate patients by
providing bogus treatments, usually for a high price. What distinguishes the claims for most bogus
treatments from the false therapeutic claims for the regenerative properties of MSCs is that the for-
mer deceive gullible patients, whereas the claims about MSCs often deceive medical and scientific
experts as well. For example, in 2008 the Lancet published a paper in which the authors claimed to
have tissue-engineered an airway using ‘mesenchymal stem-cell-derived chondrocytes that had
been cultured from cells taken from the recipient’ (Macchiarini et al., 2008). It took 15 years before
the falsified paper was retracted by the Lancet. During those years its authors were employed by
prestigious academic institutions and were awarded millions of pounds from grant bodies to extend
the research. Further false papers were published and patients died when similar operations were
performed (Schneider, 2017; Schneider et al., 2022).

Apart from the harm done to patients, unsupported claims about stem cell therapies
and their inappropriate use at private clinics risk bringing the field of regenerative medicine
into disrepute. Any potential good that bona fide stem cell therapies may do in the future is
being overshadowed by the actual harm being done to patients now. Moreover, when patients
are harmed, it is generally the UK’s National Health Service that has to step in to remedy the
situation, creating an additional burden on already over-stretched services. To tackle the prob-
lems posed by stem cell clinics, we have made seven key recommendations (Panel 2), which
include better education for healthcare professionals, concerted action by regulators and new
legislation.
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Panel 2: Recommendations
1. More education

The global stem cell industry is expanding year-on-year. It is important that healthcare professionals have greater
knowledge of stem cell biology and the problems posed by unproven therapies to inform their own practice and
provide accurate information to patients. We recommend that the GMC and the Medical Royal Colleges require that
undergraduate and postgraduate training include teaching on stem cell biology and the stem cell industry.

2. Autologous treatments should be regulated

Autologous stem cell and regenerative therapies administered as part of a single surgical procedure are currently exempt
from regulation. This has led to a rapid expansion in the number of clinics offering these types of unproven therapies. We
recommend that non-homologous autologous therapies should be regulated much more strictly. Stem cell treatments that

are not approved as treatments by Medical Royal Colleges, NICE and/or regulators should not be used except in registered
randomized clinical trials. This should apply even when autologous stem cell treatments are performed as a single procedure.

3. The inappropriate use of MHRA ‘specials’ licences should be prohibited

Our investigation identified two clinics that were advertising autologous and allogeneic therapies under a ‘specials’ licence,
which is in breach of Regulation 279 of the Human Medicines Regulations 2012. It should be unlawful to administer
unproven and potentially harmful therapies to patients for profit via a ‘specials’ licence, irrespective of whether they are being
advertised. At present, it appears that the MHRA is willing to grant ‘specials’ licences, provided the manufacturing process

is of an acceptable quality. We recommend that, before granting a ‘specials’ licence for manufacturing ATMPs (advanced
therapy medicinal products), a robust evaluation is undertaken to assess the appropriateness of the therapy. It should be a
criminal offence to use ‘specials’ licences to circumvent the requirement for marketing authorization.

4. Concerted action needed by regulators

The regulation of stem cell clinics is fragmented, with different authorities being responsible for regulating specific activities.
There are particular concerns when doctors work in private practice because of the possibility for financial rewards to
influence treatments provided, especially when doctors work solely in private practice, or provide different clinical services
in their private practice from those provided in their NHS practice. This is because NHS practice generally has greater
oversight. We recommend the establishment of a joint regulatory committee comprising representatives of the ASA, HTA,
MHRA and CQC to regulate private stem cell clinics, review complaints and implement sanctions.

5. Greater transparency

The results of investigations into stem cell companies are not always made public by some regulators, even when
improprieties are discovered. Members of the public should have access to this information. We recommend that
improprieties be registered on a public database.

6. Reporting concerns

Many stem cell companies are publishing false and misleading information on their websites about stem cell therapies.
This false information is rarely challenged. Experts in the field need to be more proactive about reporting false
advertising to the ASA and MHRA.

7. Parliamentary inquiry

We recommend that a joint inquiry be conducted by the Science and Technology, and Health and Social Care Select
Committees to assess the problems with UK stem cell clinics and make recommendations on how the industry might
be regulated better to protect patients.
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