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ABSTRACT In recent decades there has been an increas-
ing recognition of the need to account for sex and gender in
biology and medicine, in order to develop a more compre-
hensive understanding of biological phenomena and to
address gaps in medical knowledge that have arisen due to a
generally masculine bias in research. We have noted that as
basic experimental biomedical researchers, we face unique
challenges to the incorporation of sex and gender in our
work, and that these have remained largely unarticulated,
misunderstood, and unaddressed in the literature. Here, we
describe some of the specific challenges to the incorporation
of sex and gender considerations in research involving cell
cultures and laboratory animals. In our view, the main-
streaming of sex and gender considerations in basic biomed-
ical research depends on an approach that will allow scien-
tists to address these issues in ways that do not undermine
our ability to pursue our fundamental scientific interests. To
that end, we suggest a number of strategies that allow basic
experimental researchers to feasibly and meaningfully take
sex and gender into account in their work. —Ritz, S.A.,
Antle, D. M., Cété, J., Deroy, K., Fraleigh, N., Messing, K.,
Parent, L., St-Pierre, J., Vaillancourt, C., Mergler, D. First
steps for integrating sex and gender considerations into
basic experimental biomedical research. FASEB J. 28, 4-13
(2014). www.fasebj.org
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OVER THE PAST SEVERAL decades, it has become very clear
that research conducted solely on male subjects cannot
necessarily be extrapolated to females, and vice versa. Al-
though most basic biomedical researchers are well aware of
this, for the most part sex and gender (s/g) considerations

Abbreviations: s/g, sex and gender

continue to be largely ignored unless the research concerns
reproductive biology or sex-specific cancers, or where the
primary purpose of the research is to discern whether there
are sex differences for a given outcome. Even in these cases,
however, the majority of the focus is on sex only, without
consideration of gender. Outside of these areas, s/g issues
are not often addressed in basic experimental biomedical
research (1, 2).

Although the terms “sex” and “gender” are often
used interchangeably, in fact there is a useful concep-
tual distinction to be made between them: sex can be
thought of as a biological attribute (such as those
characteristics relating to genetics, physiology, anat-
omy, or reproduction) used to classify sexually repro-
ducing animals (typically as males or females), while
gender refers to the social processes that collectively
influence the social roles, relationships, behaviors,
power, or other traits that are culturally accorded to
those classified as women/girls and men/boys (3-5). It
should be noted that although we often talk about s/g
in terms of binaries, i.e., male/female, woman/man,
boy/girl, and feminine/masculine, such dichotomies
are artificial and fail to reflect the diversity of possible
sexes and genders and the interactions between biolog-
ical and social factors. A full discussion of these ideas is
beyond the scope of this work, but for further reading,
we recommend refs. 6-9 as a starting point. Making a
distinction between the concepts of sex and gender
enables us to explicitly recognize that both biological
and culturally specific social factors may have an impor-
tant effect on biology and health, and that neither is
necessarily fixed or determined (Fig. 1).
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Of course there is no single recipe for the inclusion
of s/g considerations, and certainly the challenges in
doing so differ between disciplines, methods, and par-
adigms: a researcher undertaking qualitative studies of
men’s experiences of prostate cancer will obviously use
different means to consider s/g issues than will a
researcher trying to understand how s/g might influ-
ence cell signaling pathways in vitro. Although there are
many voices calling for researchers to attend to these
kinds of questions, there are unique challenges to the
incorporation of s/g in laboratory-based experimental
research, and a shortage of practical guidance about
how to overcome these obstacles. Indeed, others have
recognized that contemporary theorizing about s/g in
science is far more sophisticated than the tools we use
to study it (1), and the basic sciences are lagging far
behind the rest of the field in addressing s/g issues.

In this paper, we will discuss some of the reasons why
addressing s/g issues in experimental biomedical sci-
ence is not a straightforward proposition, and offer a
number of suggestions for scientists who wish to begin
to consider s/g issues in their work. We have firsthand
experience of these difficulties ourselves, and many of
our suggestions are aimed at heightening awareness of
s/g considerations in laboratory research, rather than
at the literal incorporation of s/g into our experiments.
For those scientists for whom sex or gender are already
a major focus of the research, these recommendations
may not be very helpful. However, for those among us
who have not previously considered s/g in our work, it
is our hope that these ideas will provide some starting
points to help researchers gain a conceptual foothold
in this important area. Our motivation is not political
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Figure 1. The distinction between sex and
gender. Although often used interchangeably,
sex and gender can usefully be distinguished
from one another. Sex refers to those charac-
teristics that are rooted in biological differences
between male and female bodies, including
chromosomal, genetic, anatomical, reproduc-
tive, and physiological traits. On the other
hand, gender speaks to the social and cultural
aspects of masculinity and femininity. Sex and
gender are distinct concepts, but there is signif-
icant interaction between them, with aspects of
biology influencing social dynamics and vice
versa. Although sex and gender are often thought of
as dichotomous variables that neatly divide peo-
ple into males/men and females/women, in
fact such classifications are not as clear and
unambiguous as we tend to assume.

correctness, but rather to ensure that important phe-
nomena are not overlooked that would be helpful in
understanding biological mechanisms and processes,
which may be undetected or misunderstood when s/g
is not addressed or when s/g is addressed in overly
simplistic terms that treat them as fixed binary traits.

COMPLEXITIES OF S/G

For the most part, basic scientists tend not to distin-
guish between the terms sex and gender, and use them
interchangeably, despite the conceptual distinctions
that can be made between them, as described above.
The sex-gender distinction began to be articulated in
the 1970s in an effort to challenge biological determin-
ist views of the differences between men and women
(5). Although use of the term gender in the scientific
literature has increased dramatically over the past sev-
eral decades (10-12), it is usually used as though
gender were “just a polite way to say sex” (1). Indeed, it
is not hard to find instances in which rats, mice, guinea
pigs, fish, plants, isolated cells, and body fluids, are
described as having gender.

While it is relatively easy to make a distinction
between the concepts of s/g, in practice we find that
they are not as neatly separated as we might think. For
example, Fausto-Sterling has pointed out that a trait
like bone density is influenced both by sex-linked
biological factors, such as sex hormones, and by gen-
dered social dynamics; dress, occupation, and physical
activity also play a role in determining bone density
because they can create gendered variations in factors



such as sun exposure and vitamin D synthesis, or
weight-bearing activities (13). In addition, although we
are quick to see the ways in which biological sex can
shape the social practices of gender, it is also the case
that social influences can affect biology; for example,
social relationships can influence the function of the
hypothalamic-pituitary-adrenal axis in response to
stress (14), and engaging in nurturing behaviors can
influence testosterone levels (15). Examples like these
serve to remind us that observed s/g differences are
often not based purely in biology, but are the result of
a complex interplay between the social and the biolog-
ical. Indeed, when we attempt to unravel the interac-
tions between biological factors and social experiences
we often find “that it is impossible to separate out any
one of these influences from another” (16). We fre-
quently use the composite term “sex/gender” when
discussing these issues because it reflects this complex-
ity.

Despite the fact that it is often difficult to disentangle
sex and gender, making a conceptual distinction be-
tween them is useful for basic scientists because it
enables a more nuanced understanding of the ways that
the biological and social effect on the phenomena of
scientific interest to us (5). It also helps to reveal the
ways in which our cultural beliefs about s/g may
influence our scientific theorizing. It is of crucial
importance to recognize that attending to s/g consid-
erations is not simply about seeking out differences
between males/men and females/women, as all too
often, any differences found between them are over-
interpreted and strongly colored by our cultural biases
about gender. In an illuminating example, Martin has
described how gender stereotypes have affected the
ways that scientists describe and understand reproduc-
tive biology, in some cases unconsciously interpreting
the data so as to fit more easily with our cultural beliefs
about gender roles (17). Similarly, Fine has compre-
hensively discussed the ways that cultural biases about
men and women have infiltrated scientific theorizing
about neurobiology (18). In another revealing case,
associations between parity and incidence of melanoma
in women were often attributed to pregnancy-related
hormonal changes, until additional work demonstrated
a similar relationship in men, suggesting that the
relationship is more likely explained by the social
conditions related to parity than to the biological
effects of pregnancy (5, 19). With these examples in
mind, it is clear that taking up s/g in our research does
not simply mean comparing females/women and
males/men, but is a much larger enterprise; it’s also
about paying heed to the ways that s/g may shape the
way we think about our scientific questions.

CHALLENGES TO ADDRESSING SEX IN
EXPERIMENTAL LABORATORY RESEARCH

There are a number of reasons why basic biomedical
researchers tend not to address s/g in their work. In
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some cases, s/g issues are perceived as being irrelevant
to the area of interest (though this is seldom actually
the case). In others, although there may be awareness
that s/g considerations are relevant in some way, there
is also a sense that examining s/g in the experiments
themselves is a distraction from the primary focus of the
work. Even in research where the relevance of s/g is
clear, there are some practical barriers that may pre-
vent us from incorporating it at the laboratory bench.

Setting gender aside for a moment, it is often sug-
gested that scientists could address the question of sex
simply by using both male and female cells or animals
in our experiments. On the surface, this appears to be
a simple and straightforward solution, but in practice
such an approach often proves to be unfeasible or
inadequate, and may even promote an overly simplistic
and deterministic way of thinking about sex that over-
emphasizes and naturalizes difference.

In vitro research

For many of us working with human transformed cell
lines, the advice to simply include male and female cells is
not workable, since the process of establishing stable
immortalized cell lines from human subjects inherently
precludes the possibility that equivalent lines from male
and female sources could ever be created. Although we
may be able to create or obtain cell lines with similar
characteristics from both male and female human sub-
jects, such cell lines are likely to be significantly different
from one another such that any differences observed
between them could not be reliably ascribed to sex.

For example, the A549 cell line is commonly used as
a model for airway epithelium in respiratory research.
Ab49 cells are derived from the tumor of a male patient
with lung carcinoma, and are known to be hypotriploid
in their chromosome complement; in addition, al-
though A549 cells were derived from a male patient,
one or both Y chromosomes are absent in 40-50% of
the cells (20). An airway epithelial cell line from a
female patient, the HCC827 line, is also commercially
available, but it is derived from a lung adenocarcinoma,
and is known to have a mutation in the tyrosine kinase
domain of the epidermal growth factor receptor (21).
Attempts to compare these two cell lines as a way of
addressing sex would obviously be misguided, as any
differences observed could just as easily be related to
idiosyncrasies introduced in the process of establishing
the cell lines, to the mutations which led to tumor
formation, or to the epigenetic effects of social factors
such as socioeconomic status or ethnicity, rather than
to the sex of the patients they were derived from.
Moreover, we obviously should not expect that cells
from a single male or female patient could ever appro-
priately represent all males or females. Thus, even
where similar human male and female cell lines are
available, this would be a highly dubious approach to
addressing sex in these experimental contexts.

Given these limitations, some have suggested that
such work with human cells might more appropriately
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be done in primary cultures, in which cells are isolated
directly from body tissues and grown in vitro, so that
cells could be obtained from a variety of male and
female donors. Although this is theoretically possible,
there are several problems that make this approach
infeasible for many situations. For many cells of inter-
est, the establishment of primary cultures is a very
time-consuming and technically demanding procedure
that does not always yield large numbers of cells.
Moreover, because primary cells have a limited lifespan
in vitro, and can only undergo a limited number of cell
cycles before they stop dividing and become senescent,
in order to do ongoing experiments with primary
cultures one has to freshly re-isolate primary cells from
tissue on an ongoing basis. This may be relatively
simple when the cells of interest are easily obtained in
large numbers, but many cells of interest to researchers
are significantly more difficult to obtain, especially if
they represent specific rare cell populations. The hu-
man and financial resources required to replace trans-
formed cell lines with primary cultures are wholly
beyond the means of the vast majority of researchers.
However, even if resources were not a limiting factor
for using primary cell cultures (or if we were able to
shift our experimental models to use cells from inbred
animals where it may be possible to create equivalent
male and female cell lines), we argue that any
straight-up comparison of cultured male and female
cells oversimplifies the question of sex because of the
limitations of the in vitro environment itself. Discus-
sions about incorporating sex into such experiments
has tended to focus on the source of the materials
(that is, whether the cells are from male or female
donors). But sex is not a fixed property of cells
themselves—it is also a dynamic and changeable
property of the body (12). When cells are removed
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from the body and placed into culture, they do not
necessarily take everything of what it is to be male or
female with them. In the body, cells are subject to
myriad complex interactions between different cell
types, sex hormones, stress hormones, neurotrans-
mitters, nutrients, cytokines, coenzymes, neural in-
put, and environmental exposures, each of which will
vary according to the sex of that body and its
gendered social experiences (which will also interact
with many other kinds of social influences, such as
socioeconomic status or experiences of stigma and
discrimination); when placed into culture, the com-
plex input of the sexed and gendered body largely
disappears (Fig. 2).

In wvitro, the only sex differences these isolated cells
can be expected to manifest are those that are gener-
ated at the level of the individual cell (e.g., arising
directly and solely from their chromosomal comple-
ment), or that have conditioned the cell in some
permanent or persistent way (e.g., through DNA meth-
ylation). It is important to recognize this limitation of
the in vitro environment in interpreting any findings
where cultures of male and female cells are involved. It
is possible or even likely that conditions present in male
or female bodies (such as the differential presence of
sex hormones) would in fact cause cells to respond
differently to the same stimulus in vivo; however, when
the cells exist in identical and static culture conditions,
such differences may not be apparent. Thus, if no
differences are observed between the responses of male
and female cells in vitro, one must resist the temptation
to conclude that sex does not affect the phenomenon
of interest. Conversely, it is also tempting to surmise
that any differences observed in vitro must be due to
biologically based differences between males and fe-
males, but we must be cautious about rushing to this

Figure 2. Limitations of in vitro experimenta-
tion for examining the influence of sex on
biological phenomena. In the body, a cell’s
response to a given stimulus will be modulated
by the interplay of a variety of factors. Biologi-
cal factors may influence the cell’s behavior,
both due to properties intrinsic to the individ-
ual cell itself (such as its chromosomal comple-
ment, or cellular mechanisms related to X-
chromosome inactivation), and sex-related
properties of the body (such as hormonal in-
fluences or metabolic status). At the same time,
environmental and social experiences can also
influence the cell’s activities by moderating the
| production of neurotransmitters and hormones, or
through exposure to exogenous agents, for
example. In contrast, when a cell is isolated
from its bodily context and placed into culture,
this network of s/g influences is disrupted.
Those differences that arise directly from the
chromosomal complement of the cells will
transfer into the in vitro environment, and cells
may have become conditioned by their sexed/
gendered experiences in ways that may or may

not persist in vitro (through mechanisms such as DNA methylation, for example). Thus, even if male and female cells are used,
we cannot assume that the cell’s response in culture reflects the true effect of s/g influences.
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conclusion as well. It is conceivable that cells could
behave differently in vitro as a result of socially pro-
duced differences in exposure that persistently condi-
tioned the cells (as a result of DNA methylation or
other mechanisms that could modify gene expression).
Thus, we cannot assume that the mere inclusion of
male and female materials in in vitro research will allow
us to develop an adequate understanding of s/g issues.

Animal research

Unlike cell work, where it may not be possible to get
male and female materials, obtaining equivalent male
and female research animals is often as simple as
ordering them from the supplier, especially for com-
monly used species such as mice and rats. However, this
is not universally the case; for some transgenic animals
or disease models in animals, male or female animals
may not be viable, or the disease model may not
manifest in one of the sexes. In addition, in studies of
immature animals or species without obvious signifiers
of sex, it can be complicated to determine the sex of
individual animals without undertaking genotyping.

In most fields of study, male animals are used more
often than females (with some notable exceptions),
and few studies incorporate both males and females (2,
22). Cost is probably part of the reason for this.
Including male and female animals in an experiment
would at least double the human and financial re-
sources required; some recommendations go even fur-
ther, suggesting that in mouse studies 4 different
groups of female mice should be used to account for
the stages of the murine estrus cycle as well (23).
Although some may argue that the investment is justi-
fied to address the knowledge gap, given the relative
scarcity of research funding it is not surprising that
most biomedical scientists (and peer reviewers, for that
matter) find it hard to justify this approach on a broad
basis without a high likelihood of benefit.

Even where it is feasible to use both male and female
animals experimentally, the living conditions of the
animals may create some confounding effects. With
laboratory rodents, male and female animals are usually
segregated unless they are being bred. Due to the
propensity of male rodents to fight with one another,
they are typically housed at a lower density than fe-
males, which could have significant consequences for
the biological phenomena under study. For example,
male mice housed alone may have to expend more
energy maintaining body temperature than females
housed in groups (who often sleep clustered together),
which could cause differences in parameters such as
caloric intake, muscle activity, metabolic rate, fat distri-
bution, or body size, with a plethora of potential
downstream effects on all bodily and cellular activities;
this could create a situation in which sex differences
were found as a result of artifacts produced by the
experimental housing conditions. Other social phe-
nomena with biological effects have been documented
as well, such as the “barbering” that occurs in many
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strains of laboratory mice (24), or estrus suppression in
female mice housed together (25, 26). Housing male
and female animals under identical conditions would
be ideal, but because the social stressors for males
housed together would likely be different than for
females (again creating the possibility of artifacts), this
would essentially require that all animals be caged
individually (which itself could be a stressor for animals
who normally live in social groups). Although simple to
implement in theory, in practice this would have signif-
icant financial implications and require major infra-
structural adaptations in most animal research facilities
in order to accommodate such a change.

It should be evident by now that the incorporation of
sex considerations into laboratory-based cell and ani-
mal research is not necessarily as simple and straight-
forward as it might at first seem, and may have signifi-
cant practical and financial implications. In addition,
an approach to sex that frames it as a simple dichotomy
between male and female probably tends to overem-
phasize differences between them, and takes for
granted that sex is a binary and fixed biological trait (a
view that has been challenged by many scholars) (7, 9,
27). Although many biomedical researchers acknowl-
edge the limitations of research that does not account
for sex, faced with these kinds of challenges, it is not
surprising that most of us opt not to go down that path
experimentally.

CAN GENDER BE ADDRESSED AT ALL IN
LABORATORY RESEARCH?

Given that addressing sex in laboratory-based research
is more challenging than it may first appear, incorpo-
rating gender considerations is likely to be even more
complex. For starters, gender is an inherently cultural
construct, and gender practices in human societies
probably cannot be simplistically equated to social
dynamics among nonhuman subjects. Behaviors such as
nurturing and aggression should not be assumed to be
equivalent between experimental animals and in hu-
mans, as the causes and results of such behaviors may
be very different, not to mention the fact that our own
biases may lead us to interpret animal behavior in
anthropocentric ways (28).

But there are additional reasons why gender is diffi-
cult to address that are not about bias or feasibility.
Probably the most fundamental difficulty in incorporat-
ing gender into basic experimental research goes right
to the heart of the philosophical basis of knowledge
building that underpins experimental laboratory re-
search. The classic framework under which most exper-
imental studies are conducted is based on empirical
and systematic observation and the attempt to control
all relevant variables save for the outcome of interest,
with a view to minimizing contextual biases. Thus, the
incorporation of an inherently complex construct like
gender, which is fundamentally about social context,
may be difficult to reconcile with a positivistic scientific
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framework that aspires to reduce complexity and con-
trol as many variables as possible.

Having contemplated this difficulty at length, we are
skeptical that gender itself can be directly addressed in
most experimental laboratory research. Although it is
conceivable that we might be able to model certain
aspects of human gender in experimental settings, it is
hard to imagine doing so in authentic and meaningful
ways that do not trivialize human gender practices.
Certainly, we would need to exercise a strong vigilance
about how our own stereotypes about sex and gender
might influence such models and the interpretations of
data emerging from them (17, 28).

FIRST STEPS: A BASIC TOOLBOX FOR
INTEGRATING S/G IN EXPERIMENTAL
RESEARCH

Ultimately, experimental scientists are unlikely to em-
brace the incorporation of s/g issues into our work if
we perceive it as undermining the central focus of our
research, nor would it would be desirable to have us all
comparing males and females in search of differences.
We agree with Sharman and Johnson, that the goal is
“to create a framework for encouraging [biomedical]
researchers to engage in a considered, theoretically
sound exploration of difference as it may or may not
pertain to their research designs” (1).

In our work in the laboratory, we have struggled to
find ways to address s/g in our research, and we
appreciate that exhortations to include s/g consider-
ations are not terribly useful in the absence of feasible
approaches that are compatible with the realities of
laboratory-based experimental research. We know that
advice to “just include male and female cells or ani-
mals” is simply not adequate.

Some granting agencies and journals are now requir-
ing applicants and authors to answer questions about
s/g and conform to requirements to include s/g con-
siderations in their work, which can be challenging for
many basic scientists. We have identified a toolbox of
actions that laboratory researchers can take to begin
the process of addressing s/g issues (Fig. 3). These baby
steps are small, reasonable actions that can be under-
taken without imposing unreasonable resource bur-
dens or diverting the focus of the research. Nearly any
researcher, regardless of the experimental system, dis-
ease model, or discipline, can incorporate one or more
of these approaches. Most of these suggestions do not
require us to literally incorporate s/g into the experi-
ments, but can still serve to raise the profile of s/g
issues in biomedical research broadly, and foster a
richer scientific dialogue that more readily recognizes
the relevance of s/g for many fields of study.

Step 1: Develop an active knowledge of s/g issues

Obviously, we will be unable to address s/g issues in our
research if we do not have a solid handle on the

INTEGRATING SEX AND GENDER IN BIOMEDICAL RESEARCH

Sex/Gender Toolbox for

Experimental Scientists

Develop your knowledge of S/G issues

= Do a careful literature review. Are there known
sexdifferences orgenderdisparitiesforthe
phenonmenon of interest?

= Avoid usingthe terms ‘sex’ and ‘gender’
interchangeably inyourwriting.

Discuss S/G where appropriate

= Always reportthe sexof the cells, tissues, animals,
orsubjects you are using.

* Ifusing onesexonly, justify why, andnote the
limitations in yourdiscussion.

* Always discussthe possible s/g implications of your
findings.

Introduce a small intervention

= Do a small pilot experiment to examine the
influence of some element ofs/ginyour model
system:
o Add a hormone to one of your cultures.
o Include male and female animalsinthe key
experimental groups.

* Report what you find, whether sexdifferencesare
observedor not.

Raise the profile of S/G issues

= As areviewer, ensure that applicants/authors
identify and justifythe sex of the materialsused,
and make sure that the terms ‘sex’ and ‘gender’ are
used appropriately.

* Ask questions of colleagues and trainees: have they
considered whethers/g issuesmight be relevant to
theirwork?

Figure 3. First steps for integrating s/g in experimental
biomedical research. Although it may not be feasible to
literally incorporate s/g considerations into our experimental
work, there are a number of ways to address s/g issues in our
work that do not require us to fundamentally alter our
research focus.

concepts of s/g themselves. As discussed earlier, the
biomedical sciences literature is rife with instances
where gender is used as a synonym for sex. This
tendency is problematic because it serves to reinforce
the perception that differences between men and
women are inevitable and based in hard-wired biologi-
cal differences, thereby obscuring the powerful influ-
ence of social factors on health. Thus the first step in
enhancing the way we address s/g issues in biomedical
research is simply to ensure that we understand the
terms and are using them appropriately. As previously



discussed in greater detail, sex refers to traits thought
to be primarily based in biological characteristics that
are key features of making distinctions between sexually
reproducing animals (typically as male or female),
whereas gender should be used when discussing char-
acteristics that are primarily related to sociocultural
norms. As such, we would suggest that the use of the
term gender should be reserved almost exclusively to
refer to human beings (12), and that it is not generally
sensible to talk about the gender of a mouse or a cell
(even if that cell came from a human being), with rare
exceptions. In cases where the biological and social
contributions are hard to discern, it may be useful to
simply use “sex/gender.”

In addition, it is impossible to address the s/g issues
in our research if we are not familiar with what is
already known on the subject within our own disci-
plines. Often, basic scientists claim that s/g is not
pertinent to their work (1), but the literature shows
that it is rare that s/g issues are truly irrelevant for most
biomedical research. The field of immunology serves as
a stark example of this. Although it has been very well
documented that sex has a profound influence on
immunological function (29-34), Beery and Zucker
(2) found that less than 10% of immunology articles
reported using animals from both sexes, and more
than 60% of articles failed to specify the sex of the
animals that were used. A disparity of this magnitude
suggests a major blind spot on the part of immunol-
ogists with respect to the importance of s/g issues in
their field (35). The disjuncture was less striking in
other fields, but there were marked imbalances in the
use and reporting of data with respect to sex in most
other disciplines analyzed (2).

A vast number of cellular, physiological, and behav-
ioral processes are known to be influenced by factors
that vary with s/g. A quick search of your research area
in your favorite database using keywords such as “sex,”
“gender,” or “sex differences,” or perhaps other key-
words relating to specific aspects of s/g, such as “estro-
gen,” “Y chromosome,” or “occupation,” will often
dispel the perception that s/g issues are irrelevant. At
most academic institutions, librarians will be very happy
to assist in developing a search strategy to identify the
literature of interest. Excellent review articles are avail-
able as succinct entry points to explore these issues for
many scientific disciplines (see, for example, refs. 36—
50). Regardless of whether we act on this knowledge
experimentally, making ourselves aware of these pock-
ets of literature related to our disciplines will enable an
informed evaluation of the relevance of s/g for our
work, and will deepen our understanding of our re-
search areas more generally.

Step 2: Address s/g issues when reporting and
interpreting findings

When working with biological materials, we should

always report the sex of the cells, tissues, or animals we
are working with (12); this may seem obvious, but Beery
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and Zucker’s analysis of the literature from 2009
showed that in some fields (particularly general biol-
ogy, immunology, neuroscience, and physiology), sig-
nificant proportions of nonhuman animal studies
failed to report the sex of the animals used (2), and
work in transformed cell lines rarely makes note of this.
For transformed cell lines or primary cell lines ordered
from commercial suppliers, it is frequently the case that
information about the sex of the donor is not available
(12); in these instances, it is still worthwhile to note in
the methods section that the sex of the cells was not
known.

We could consider also including a rationale for the
sex of the cells or animals that were used. Such justifi-
cations do not need to be profound, but would serve to
increase the transparency of our decision-making
around these issues. In many cases, it may be that most
of the previous research in a given field has used one
sex, and so we have used the same sex in order to allow
comparisons to previous work. In other cases, perhaps
the primary concern is to avoid the effects of hormonal
fluctuations associated with estrus cycling. The simple
act of acknowledging these realities is a worthwhile step
forward in our discourse on s/g.

The natural extension of reporting and justifying the
sex of the cells or animals used in one’s investigations is
to introduce some discussion of the implications of
doing so, just as we acknowledge the limitations of our
experimental models in other ways. In animal work,
where only one sex was used, consider including a short
paragraph in the discussion that acknowledges this
limitation of the work, referencing the literature with
respect to existing evidence relating to sex effects on
the phenomenon studied and how this may color the
interpretation of your findings.

Even though it may be difficult or even impossible to
address gender directly in our experiments, there may
well be gender issues of relevance for the way we
contextualize our work. For example, in environmental
health it is often the case that the prevalence of
exposure to chemicals varies with gender (such as those
associated with particular occupations or household
activities); a researcher conducting experimental work
related to the subcellular pathways activated by such a
chemical probably cannot address gender in the exper-
iment itself, but gendered exposure patterns would
certainly be relevant to bring up in their discussion of
the data. In fact, this kind of discussion may be the only
reasonable way to address gender for most of us doing
experimental laboratory research.

Step 3: Introduce a small intervention and report
what you find

Although not every experiment needs to incorporate
sex, it is often informative to conduct some small pilot
experiments to directly examine whether sex might
influence the experimental systems we use.

Noting the substantial limitations to addressing sex
in cell culture systems discussed previously, it is not at
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all simple to capture the totality of what we mean by sex
in vitro, but we can think about ways to incorporate
aspects of sex into these systems. For example, one
might add a single gonadal hormone, such as estrogen
or testosterone, to the cultures to examine its effect on
the outcome of interest. Where your expansion or
isolation procedures leave you with an excess number
of cells beyond what is strictly required for the experi-
ment, rather than dispose of these extra cells, consider
plating an additional few wells of your key control and
experimental conditions and add the hormone to these
wells. Among ourselves, N.F. and S.A.R. have used this
approach in primary cultures of human T-helper cells
exposed to nickel, and found that the presence of
estrogen indeed affected the profile of cytokines se-
creted by activated cells.

Similarly, in animal studies, though it is unlikely that
we will be able to use male and female animals in every
experiment, including both sexes even one time can be
revealing. Since the purpose here is not to generate
definitive and comprehensive data, not all time points
or experimental groups need to be covered, and the
number of animals need not be as large as if you were
trying to power the experiment sufficiently for statisti-
cal analysis. If you usually use males, adding a small
group of females for the main control condition and
the main experimental condition may be adequate to
give you a sense of whether or not there are notable
differences between males and females for any of the
major outcomes.

In either case, this need not be a long-term commit-
ment to continue experimentation in this vein, but
even a cursory examination of whether your outcome
of interest is likely to be influenced by sex or sex-related
factors will often be enlightening. Even if you choose
not to pursue the findings any further, it is extremely
valuable to report what you find in any related publi-
cations, even if the data is not statistically significant or
provided in a figure. A succinct statement in the results
or discussion section describing the outcome, with
“data not shown,” can serve to inform others of the
potential presence or absence of a sex-related influ-
ence. In fact, reporting negative data is especially
valuable in this regard; since positive data are more
likely to be published than negative findings (the
so-called file-drawer problem; ref. 51), documenting
the absence of a sex difference helps to ensure that
difference is not artificially overemphasized in the
literature.

At the same time, it is extremely important not to
bring an overly simplistic framing of s/g to the inter-
pretation of such experiments. For example, we must
be cognizant that hormone levels vary widely across the
life span, and specific hormones are not exclusively
present in one sex; that male and female mice are not
human men and women; that within the categories
male and female, there is enormous variation for most
measures; and that not all individuals fit neatly into one
of these categories. Our cultural stereotypes make it all
too easy to fall into the trap of making “men are from
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Mars and women are from Venus” sorts of generaliza-
tions, or mistaking correlation for causation; attending
to s/g issues appropriately means that we must make
conscious efforts to resist these tendencies.

Step 4: Use your influence to raise the profile of s/g
issues

Perhaps the simplest thing that can be done is to create
a more prominent discourse around s/g issues in the
basic sciences by raising the issue more frequently. At
present, most of the discussions are limited to pockets
of research directly focused on s/g issues, and rarely get
voiced outside these domains. Our varied roles as
scientists give us many opportunities to change this.

The process of peer review provides an ideal forum
to raise awareness abouts/g and prompt our colleagues
to think about these matters. When reviewing papers or
grant proposals, it is fair to request that authors or
applicants identify the sex of the cells or animals used,
seek a rationale for the use of one sex only, or encour-
age the authors to include a brief discussion of the
limitations introduced by doing so. We can flag in-
stances where the terms sex or gender are used improp-
erly, explaining which term is appropriate and why. Of
course such queries should always be constructive and
posed in the spirit of widening the discussion of s/g
issues in biomedical sciences, as the whole point is to
engage our colleagues, not to put them on the defen-
sive.

Another simple intervention is to make a point of
asking questions about s/g at conferences, seminars,
rounds, or other venues where scientists give talks, and
asking the speakers whether they have considered s/g
issues in their research. Several of us have started
making a habit of this, and it often generates quite
vibrant and constructive discussion about gaps in the
field.

Many of us are also teachers and mentors, and these
roles offer us additional opportunities to raise the
profile of s/g at a number of points. In formal class-
room settings, one might consider including a lecture
or session, incorporating an assignment, or making
ongoing references to s/g issues as appropriate; this
might be an ideal forum in which to introduce students
to the distinction between gender and sex. An excellent
assignment for a graduate course or topic for a com-
prehensive examination would be to ask students to
review the literature on s/g in their field. Where we are
supervising trainees in the lab, we can encourage a
consideration of s/g issues by prompting students to
include a review of s/g issues in their writing, or asking
relevant questions during lab meetings. If you are
looking for a project for a summer student or under-
graduate thesis student, it might be the ideal opportu-
nity to conduct the kinds of pilot experiments de-
scribed above, and having that student undertake the
accompanying literature review on s/g issues as well.
Undoubtedly our own appreciation of s/g issues will be
enhanced at the same time.
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These are simple interventions, but if taken up
broadly, the effect could be quite profound. By making
use of these opportunities to raise s/g issues in the
context of our day-to-day work, we can begin to build a
larger conversation throughout the biomedical sci-
ences about the relevance of s/g for our research.

FINAL THOUGHTS

Compared to other fields, the experimental biomedical
sciences have been slow to take up s/g considerations.
Our objective in this article has been to articulate the
challenges of addressing s/g issues in laboratory-based
research, and to identify ways of acknowledging their
relevance in the face of the realities of experimental
science, which create real limitations on what we are
able to do, both practically and conceptually. We
believe the basic toolbox we have offered demonstrates
that there are ways to meaningfully take s/g into
account without diverting focus from our primary sci-
entific interests, and without slipping into the traps of
simplistic determinism or overemphasizing difference.
We have deliberately taken this first-steps approach in
order to be useful to a broad swath of researchers who
otherwise might not consider s/g at all. For those who
want to integrate s/g considerations more intensively in
their work, there are a number of excellent resources
available (for example, refs. 3, 4, 52).

Experimental biomedical research makes profoundly
valuable contributions to the enterprise of building
knowledge about the functioning of biological systems,
and one of its greatest strengths is the ability to
systematically test hypotheses through carefully con-
trolled experiments. Therefore we need to judiciously
consider the delicate balance between what might be
gained or lost by introducing additional complexity
into our experiments. Addressing s/g issues in this
context is anything but simple, although the challenges
in doing so are not always apparent to those without
firsthand knowledge of the realities of the laboratory.
This complexity is not an excuse for ignoring s/g for
our research. Rather, this is a call to recognize that
addressing s/g considerations in experimental biomed-
ical research need not distract from, but can actually
serve to enrich, our primary scientific interests.
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