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RESEARCH TECHNIQUES MADE SIMPLE
Research Techniques Made Simple: Parabiosis to
Elucidate Humoral Factors in Skin Biology

Casey A. Spencer1 and Thomas H. Leung1,2,3
Circulating factors in the blood and lymph support critical functions of living tissues. Parabiosis refers to the
condition in which two entire living animals are conjoined and share a single circulatory system. This surgically
created animal model was inspired by naturally occurring pairs of conjoined twins. Parabiosis experiments
testing whether humoral factors from one animal affect the other have been performed for more than 150 years
and have led to advances in endocrinology, neurology, musculoskeletal biology, and dermatology. The
development of high-throughput genomics and proteomics approaches permitted the identification of po-
tential circulating factors and rekindled scientific interest in parabiosis studies. For example, this technique may
be used to assess how circulating factors may affect skin homeostasis, skin differentiation, skin aging, wound
healing, and, potentially, skin cancer.
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Description: This article, designed for dermatologists, resi-
dents, fellows, and related healthcare providers, seeks to
reduce the growing divide between dermatology clinical
practice and the basic science/current research methodolo-
gies on which many diagnostic and therapeutic advances are
built.

Objectives: At the conclusion of this activity, learners should
be better able to:
� Recognize the newest techniques in biomedical research.
� Describe how these techniques can be utilized and their
limitations.

� Describe the potential impact of these techniques.
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INTRODUCTION
The techniques resulting in parabiosis began in the 1860s
when French biologist Bert tested the viability of skin allo-
grafts by joining two rats together and attaching flaps of skin
from one animal to another (Bert, 1864). He showed that a
viable cross-circulation was established by injecting fluid into
the tail vein of one animal and observing its appearance in
the partner animal. In 1908, Sauerbruch and Heyde coined
the term parabiosis and modified the technique by extending
the length of the incision and adding an intestinal
h
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anastomosis (Sauerbruch and Heyde, 1908). In 1933, Bunster
and Meyer improved on the technique by joining the skin,
muscle layers, and abdominal wall together (Bunster and
Mayer, 1933). The union became more stable, and this pro-
tocol remains the basis of most modern approaches. Interest
in parabiosis peaked in the 1960s and 1970s as scientists
used it to study a variety of topics, including cancer, lifespan,
blood pressure, and energy balance.

In 1959, Hervey used parabiosis to show that a circulating
factor was involved in energy balance (Hervey, 1959). He
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SUMMARY POINTS
� Parabiosis experiments connect two living
animals together, so that they share a single
circulatory system.

� Parabiosis experiments assess whether a
circulating factor in blood or lymph from one
animal may affect the other animal.

� Heterochronic parabiosis (connecting young and
aged animals together) asks whether physiologic
skin processes are affected by young blood
milieu.

LIMITATIONS
� Animals should be background-matched to have
the best chance of survival.

� Circulatory system anastomosis requires 2 weeks
to mature before a steady state is reached.
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parabiosed young rats together and damaged the ventrome-
dial hypothalamus of one parabiont to induce hyperphagia
and obesity. Despite unlimited access to food, the non-
lesioned partner stopped eating, lost weight, and appeared to
be responding to a circulating satiety factor released by the
other rat. These studies were later confirmed with obese/
obese and diabetic/diabetic mice, which showed that obese
mice lacked a circulating signal that regulated energy balance
and that diabetic mice appeared insensitive to the signal (see
review in Harris, 2013). The signal was identified to be leptin,
and subsequent parabiosis experiments confirmed leptin’s
ability to circulate between parabionts.

In recent years, investigators resurrected parabiosis to study
questions of aging in somatic stem cells. Because muscle
function declines with age, they asked if the change was due
to stem cell intrinsic change or whether stem cell functionality
may be influenced by their surroundings (Conboy et al.,
2005). The results of these studies unequivocally showed
that the aged environment impairs the regenerative potential
of older individuals. When exposed to young blood, aged
stem cells adopted a more youthful potential. When young
stem cells are exposed to aged blood, they lost regenerative
potential (Brack et al., 2007). Similar studies have
now been extended for neurons and brain function (Villeda
et al., 2011, 2014).

Our group used parabiosis in studies of scar formation and
skin regeneration. Physicians have observed that surgical
wounds in the elderly heal with thinner scars than wounds in
young patients. We showed that full-thickness skin wounds in
aged, but not young, mice fully regenerate (Nishiguchi et al.,
2018). We connected aged and young mice together, termed
heterochronic parabiosis, to elucidate whether the observed
phenotypes—scar formation and skin regeneration—are
caused by circulating factors or local signaling (Figure 1). Our
results showed that exposure of aged animals to blood from
young mice counteracts their regenerative capacity (Figure 2).
We identified the factor by performing global transcriptomic
analysis of wound-edge tissue from regenerating and non-
regenerating mice. We distilled a list of 80 potential genes to
13 genes by looking for circulating proteins. We showed that
SDF1 is expressed at higher levels in the wounded skin of
young mice and that genetic deletion of SDF1 in young skin
enhanced tissue regeneration.
BASIC PRINCIPLES OF PARABIOSIS: EXPERIMENTAL DESIGN,
METHODOLOGY, AND INTERPRETATIONS
The technique of establishing the parabiotic state was recently
reviewed, and an excellent video describes the surgical procedure
(Kamran et al., 2013). Before parabiosis surgery, pairs should be co-
housed for 1 week for proper acclimation. We remove fur 24 hours
before surgery to shorten anesthesia time during the formal proced-
ure. Standard aseptic surgical procedures are used, and the animals
are kept warm with a heating pad. Briefly, mirror-image incisions at
the left and right flanks are made through the skin, and skin is gently
freed from superficial fascia. At this point, investigators may choose
to join the peritoneal walls of the mice (Villeda et al., 2011, 2014).
We and others omit the peritoneal joining to minimize invasiveness
of the procedure, and we still establish an effective blood exchange.
Elbow and knee joints from each parabiont are sutured together.
After joints are stabilized, the skin flaps of the mice are sutured
together—first dorsally, then ventrally. Kamran et al. (2013) recom-
mend a continuous suture, but in our experience, the use of single
interrupted sutures minimizes wound dehiscence if the suture fails or
is removed by the animal. Other techniques call for stapling the skin
of each mouse together (Villeda et al., 2011, 2014). The time to
complete the surgery ranges between 30 and 60 minutes, depending
on the experience of the surgeon. In particular, the decisions of
whether to join the peritoneums and how extensively to join the
limbs will influence the duration of the surgery and the stability of the
pairings.

The postprocedure care is more critical than the procedure itself.
For postoperative pain, each mouse is treated with antibiotics, sub-
cutaneous normal saline, meloxicam, and buprenorphine hydro-
chloride. We have found that placing Steri-Strips (3M, St. Paul, MN)
vertically over the skin sutures 2 to 3 days after the procedure pro-
vides a physical barrier against the parabionts removing the suture.
Several recovery characteristics are analyzed daily after surgery,
including weight, grooming responses, urination, and defecation.
Animals are excluded if they fail overall health inspections. If sutures
are removed by the mice, they are replaced on a daily basis. The
incisions are healed 2 weeks after surgery, and sutures may be
removed. For our skin-wounding studies, we waited 4 weeks after
surgical connection to perform additional skin injury to maximize the
recovery from the procedure. This time period may be adjusted
based on the specific experiment. We and others have kept para-
biotic pairs connected for 8 months without significant problems
(Kamran et al., 2013). Taken together, female, background-matched
mice of similar size and weight offer the greatest chance of success
for parabiosis experiments.
Technical challenges
Perioperative mortality remains one of the major challenges in
parabiotic experiments. However, the survival of parabiotic pairs has
improved significantly with better anesthesia and postoperative
monitoring. In our experience, more than 90% of our pairs recover
www.jidonline.org 1209
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Figure 1. Example of parabiosis experiment to test age-defined phenotypes. Comparing heterochronic parabiosis pairs to isochronic parabiosis control pairs
allows for assessment of age-mediated changes. An optional intervention, such as skin wounding or UV exposure, may be added. Isochronic control pairs should
maintain their baseline individual phenotype. If so, we conclude that the parabiosis procedure itself does not alter the phenotype. If both mice in a heterochronic
parabiosis pair maintain their original individual phenotypes, we conclude that no circulating factor is involved in this phenotype. If either parabiont adopts a
new phenotype, we conclude that a systemic circulating factor may be responsible for the phenotypic change.
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from the procedure, similar to results reported by others (Conboy
et al., 2013).

Parabiosis involves the continuous exchange of fluids and cells
between partners, and a second period of high mortality, called
parabiotic disease (also known as parabiotic disharmony or para-
biotic intoxication), occurs 1e2 weeks after surgery when the
vascular anastomoses are maturing. The condition is independent of
the procedure. The incidence can still be as high as 20%e30% of
pairs in highly inbred strains of mice and rats and 60%e70% in
outbred strains of mice (Conboy et al., 2013; Finerty and Panos,
1951). One parabiont becomes pale, anemic, stops eating, and
dies within a few days. The other member develops hyperemia, best
noted by reddening and dilation of blood vessels of the feet, ear, and
tail (Harris, 2013). If the parabiosis pair is separated when these
symptoms are first noted, it is possible that both of the individual
animals will survive (Hall and Hall, 1957). Parabiotic disease likely
represents underlying graft-versus-host disease, where the rejected
“organ” may be the vascular anastomoses. Lethal irradiation of one
of the parabionts abrogates parabiotic disease, suggesting that the
immune system is responsible. How the immune system of one
mouse becomes dominant over that of the other mouse remains an
open question. Finally, we noticed that the incidence of parabiotic
disease is much less frequent when members of a pair were litter-
mates, which has been observed in other studies (Binhammer et al.,
1963; Eichwald et al., 1959).

Kinetic considerations
The on-rate for any parabiotic effect is 1e2 weeks after surgery to
permit sufficient vascular connections to develop and mature. This
Journal of Investigative Dermatology (2019), Volume 139
rate seems to be similar in animals of all ages. For our studies of skin
wound healing, we waited for 1 month before further skin injury. An
objective way to determine whether the parabiosis procedure
established sufficient blood exchange is to connect a mouse carrying
a reporter gene (e.g., mTmG mouse) and a nonreporter mouse. Three
weeks after parabiosis, we drew venous blood from the mice and
routinely obtained mixing rates between 35% and 40%, which is
consistent with those reported by others (Conboy et al., 2005;
Nishiguchi et al., 2018). Other groups have reported similar find-
ings, where mixing equilibrium is reached within 14 days but not 7
days after surgery (Gibney et al., 2012).

A second kinetic consideration is the rate of clearance of factors
from the circulation. The rate of blood exchange in parabiosis
models is relatively slow. Some proteins may be cleared from the
circulation faster than they can exchange. Thus, some factors may
not reach the partner in a parabiotic pair, and this result may lead to
a false negative conclusion that a circulating factor is not involved.
Harris et al. (2013) provide a more in-depth discussion on blood
exchange and clearance rates in parabiosis. Acute cross-circulation
studies achieved by directly connecting large blood vessels be-
tween two animals results in complete mixing of blood in less than
10 minutes, and it is more likely that rapidly cleared factors will be
present at high enough concentrations to be active in the other an-
imal (Epstein et al., 1966; Laplace, 1980; Stewart et al., 1963).
APPLICATIONS OF PARABIOSIS
There are three common applications for which parabiosis
experiments may be helpful in skin research.
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Figure 2. A circulating factor
promotes scar formation in aged
mice. (a) Isochronic aged:aged
parabiosis led to significant wound
closure, while isochronic
young:young parabiosis did not, as
photographed. Within the
heterochronic parabiosis pairs, the
aged parabiont did not close its ear
hole and adopted the young parabiont
phenotype. (b) Ear hole measurements
of individual parabionts within each
pair. n ¼ 5. ***P < 0.001, comparing
aged:aged with young:young or either
parabiont of young:aged. Aged:aged
parabionts had significant wound
closure compared with young:young
or young:aged parabionts.
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Figure 3. Potential physiological conditions to be studied with parabiosis.
Parabiosis may be used to study a variety of phenotypes. Potential
physiological conditions are not limited to the provided list.
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1. The most common use of parabiosis in dermatology
studies is to test whether a circulating factor may be
involved in a specific skin physiologic process, that is,
differentiation, neoplastic formation, or wound healing.
The circulating factor is induced in one animal, and the
paired animal is assessed for a change in phenotype. Mice
used for parabiosis can vary in physiological condition,
making parabiosis an ideal technique for understanding a
variety of biological processes (Figure 3). Parabiosis sur-
gery is also reversible, which allows confirmation that a
circulating factor is responsible for a phenotypic change.

2. Parabiosis has been instrumental in answering questions
about systemic regulation of cell and tissue aging in mul-
tiple organs. Heterochronic parabiosis allows researchers
to test whether constant exposure to young or old blood
changes physiologic skin processes (Figure 1). Here, we
used heterochronic parabiosis to assess changes in scar
formation and wound healing with age. A similar approach
may be used to study skin aging and response to UV
damage. Isolation of aged cells exposed, in vivo, to young
blood has shown clear molecular changes that may persist
for some period of time (Goodell and Rando, 2015). Aged
skin and young skin have well-characterized phenotypic
differences (thickness, rate of cell proliferation) (Adler
et al., 2007; Leung et al., 2013). Parabiosis experiments
will lead to a better understanding of cellular plasticity or
the epigenetic regulation of the cellular state that defines a
cell as being young or old. This reprogramming is clearly
different than induced pluripotent stem cell reprogram-
ming, because these cells do not lose their differentiated
state. The cells continue to be of the same lineages; the
only change is that their regenerative tendencies become
rejuvenated by the young blood milieu. These experiments
would separate the differences between dedifferentiation
www.jidonline.org 1211



MULTIPLE CHOICE QUESTIONS
1. For best results, mice should be which of the

following for parabiosis?

A. Female

B. Background-matched

C. Of similar size

D. All of the above

2. What protein variable can give a false negative
result in parabiosis experiments?

A. Size

B. Molecular weight

C. Synthetic rate

D. Clearance rate

3. Parabiotic disease is the most common cause of
death for parabiosis pairs 1e2 weeks after
surgery. What is the incidence in outbred
strains?

A. 20%

B. 40%

C. 60%

D. 100%

4. Parabiosis experiments were instrumental in
identifying the first circulating factor in satiety.
What is this factor?

A. Insulin

B. Resistin

C. Leptin

D. Limastatin

5. What is the perioperative mortality in parabiosis
experiments?

A. 10%

B. 20%

C. 30%

D. 40%

E. 50%
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and rejuvenation and allow for a more precise molecular
definition of skin aging.

3. The application of parabiosis using genetically altered
mouse strains allows for direct testing of signaling path-
ways/networks involved in regulating an identified pro-
cess. To definitely show that circulating SDF1 from young
blood was responsible for promoting scar formation in
aged mice, we performed parabiosis between young skin-
deficient SDF1 mice and aged wild-type mice (Figure 2)
(Nishiguchi et al., 2018). In this instance, young blood
deficient in SDF1 was not sufficient to promote scar for-
mation in aged mice.

As a powerful experimental system to identify molecular
and cellular mechanisms, parabiosis has a distinguished
Journal of Investigative Dermatology (2019), Volume 139
history in dissecting fundamental biological processes across
multiple fields. The combination of parabiosis with high-
throughput genomics and proteomics approaches will
continue to answer important unanswered questions in skin
biology, particularly related to the epigenetics of skin aging
and skin rejuvenation.
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DETAILED ANSWERS

1. For best results, mice should be which of the following for
parabiosis?

Correct answer: D. All of the above

Mice should be sex matched and ideally female, background
matched, and size matched (within reason) for the greatest
success rate and minimal stress on the animals.

2. What protein variable can give a false negative result in
parabiosis experiments?

Correct answer: D. Clearance rate

A false negative result can occur when the factor of interest
has a high clearance rate from the blood and never reaches
the other parabiont’s blood stream.

3. Parabiotic disease is the most common cause of death for
parabiosis pairs 1e2 weeks after surgery. What is the
incidence in outbred strains?

Correct answer: C. 60%

The incidence of parabiotic disease (also known as intox-
ication and disharmony) is 60%e70% in outbred strains
and 20%e30% in inbred strains.

4. Parabiosis experiments were instrumental in identifying
the first circulating factor in satiety. What is this
factor?

Correct answer: C. Leptin

In 1959, Hervey used parabiosis in rats to determine that
there is a circulating satiety factor, which was later identified
as leptin.

5. What is the perioperative mortality in parabiosis
experiments?

Correct answer: A. 10%

The perioperative mortality is less prevalent in modern-day
parabiosis procedures as anesthesia has improved, and it
stands at approximately 10%.
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