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Often, developing females require good quality nutrient 
supplementation in ideally required amounts to ensure 
proper maturation. Nutritional status can also influence 
immunological responses of female reproductive tract 
[6], specifically, cytokines and angiogenic substrates 
that are crucial for reproductive processes. Therefore, 
increased inflammation caused by nutrient plane may 
affect reproductive functions through changes to the 
reproductive environment.

The embryo must utilize substrates within the uterine 
environment to develop until hemotrophic nutrient sup-
ply can be established.To prevent rejection, an immuno-
tolerant uterine environment via cytokine signaling must 
be created to facilitate embryo attachment [7]. Cytokine 
networks complete a variety of roles in both reproductive 

Introduction
The livestock industry must increase sustainable produc-
tion to provide enough nutrient-dense food to the antici-
pated 10 billion people by 2050, even as land availability 
decreases [1, 2]. Reproductive efficiency is highly depen-
dent on proper development of heifers and will impact 
production efficiency in beef operations. Heifer develop-
ment is largely influenced by nutrition [3, 4] and repro-
ductive functions will suffer if nutrition is inadequate [5]. 
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Abstract
Objective Heifer development is crucial for the optimization of reproductive efficiency in beef production. Heifer 
development is largely influenced by nutrition. Nutritional status of these heifers can influence immunological 
responses that are crucial for reproduction. Commercial Angus heifers (n = 9) were utilized, in a pilot study, to elucidate 
the effects of sampling time (days 0, 7, 14, 21, 28, and 35), pregnancy status, and type of mating on individual cytokine 
concentrations and cytokine profiles in the vagina following breeding.

Results Cytokine profiles were analyzed using MetaboAnalyst 5.0 and one-way ANOVAs were performed in R Studio 
to identify differences in individual cytokines based on sampling time, pregnancy status, and type of mating. Cytokine 
profiles were different (P = 0.05) 7 days after either mating type. Cytokines, IL-1β, IL-17a, MCP-1, and TNFα were 
different based on the mating type and pregnancy status. Multiple cytokines, IL-1α, IL-1β, IL-6, IL-8, IL-10, IL-17a, VEGFa, 
and MIP1α, were different between days regardless of pregnancy status. In conclusion, vaginal cytokines differ based 
on pregnancy status, type of mating, and time which may be indicative of vital pathways that need to be activated for 
pregnancy.
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and pregnancy related processes such as the estrous 
cycle [8], ovulation [9], embryonic development [10], and 
implantation [11]. Cytokines and chemokines have been 
reported to be important in inflammatory pathways for 
uterine remodeling and recruitment of immune cells dur-
ing pregnancy, which differed between heifers of varying 
future reproductive success [12].Therefore, identifying 
when inflammatory signals become present within the 
reproductive tract could allow for alterations in manage-
ment strategies to improve reproductive outcomes. It is 
also possible that these substrates could be used as bio-
markers for viable pregnancies. Therefore, we hypothe-
sized that cytokine and chemokine concentrations within 
the reproductive tract will differ based on pregnancy 
status and mating via artificial insemination or natural 
service.

Methods
Experimental design and sample collections
All experimental procedures involving animals were 
approved by the University of Tennessee Institutional 
Animal Care and Use Committee. Healthy, virgin 15 
month old commercial Angus heifers (n = 9) from the fall 
calving herd housed in a single pen and located at the 
East Tennessee Research and Education Center (ETREC) 
were utilized to complete all objectives for the study. 
After completion of the study all animals were returned 
to the ETREC herd. Estrous synchronization was per-
formed by the research center to synchronize the estrous 
cycle and day of breeding for all heifers. On the day of 
breeding (d 0),  a vaginal flush was collected from every 
heifer. The vaginal flush was collected by placing 20 mL 
of sterile saline into the vagina via insertion of a two-
way 4 Fr Foley catheter in the fornix vagina, mixed with 
vaginal fluid by rectal massage, removed through the 
catheter, and stored at -80  °C until cytokine quantifica-
tion could be completed. A single artificial insemination 
was then performed by a single technician. Following 
the day of breeding, vaginal flushes were collected from 
every heifer on d 7, 14, 21, 28, and 35. On d 21 following 
sample collection, a fertile bull was introduced into the 
heifer group to service any heifers that did not become 
pregnant to the artificial insemination. Pregnancy diag-
nosis was completed via pregnancy-associated glyco-
protein analyses [13] from blood samples collected on 
d 35 and 56 (35 days after the introduction of the bull). 
Cytokine concentrations of IL-1α, IL-1β, IL-10, IL-17a, 
IL-36ra, IL-8, IFN-γ, MCP-1, MIP-1α, MIP-1β, TNF-
α, and VEGFa were quantified using the MILLIPLEX ® 
MAP Bovine Cytokine/Chemokine Magnetic Bead Panel 
(MilliporeSigma, Burlington, MA, USA) according to 
manufacturer protocol, and analyzed on the Luminex 200 
system (Luminex, Austin, TX, USA) at the University of 
Tennessee Institute of Agriculture Genomics Hub.

Statistical analyses
Cytokine profile analyses were completed with log-trans-
formed cytokine concentrations using MetaboAnalyst 
5.0 [14]to identify differences in cytokine profiles within 
pregnancy status, type of mating, and day of sampling. 
The chemometrics analysis using orthogonal PLS-DA 
was utilized to evaluate cytokine profiles by week, type 
of mating, and pregnancy status. Following the identifica-
tion of distinct cytokine profiles, ANOVA was conducted 
to elucidate differences in individual cytokines based on 
the mating type and pregnancy status on d 7 and d 28. 
A completely randomized design was implemented for 
individual statistical analyses in R Studio with the heifer 
as the experimental unit. One-way ANOVAs were per-
formed via the aov function with fixed effects of sampling 
day, pregnancy status, and type of mating. Fisher’s LSD 
was utilized for mean separation. Means were reported 
different when P < 0.05 and tendencies at P < 0.10.

Results
Cytokine profile analyses revealed no differences 
(P > 0.10) in vaginal cytokine profiles between sampling 
days. However, orthogonal PLSDA identified distinct 
(P = 0.05) vaginal cytokine profiles between pregnant 
heifers from AI mating and non-pregnant (Open) heifers 
7 days after AI (Fig. 1A). Distinct cytokine profiles were 
also found between AI bred heifers, bull-bred heifers, 
and non-pregnant (open) heifers 7 days after the intro-
duction of the bull (Fig.  1B). No differences (P > 0.10) 
were found between individual cytokines on d 7. How-
ever, IL-1β, IL-17a, MCP-1, and TNFα were different 
based on the mating type and pregnancy status on d 28 
(Table  1). All cytokines were increased in the bull-bred 
heifers (P ≤ 0.05). No differences were found in IL-1β or 
IL-17a concentrations between AI-bred or non-pregnant 
heifers (P > 0.10). Concentrations of MCP-1 were low-
est in non-pregnant heifers and intermediate in AI-bred 
heifers compared to bull-bred heifers (P = 0.04). The vagi-
nal concentrations of TNFα were lowest in AI-bred heif-
ers and intermediate in non-pregnant heifers compared 
with bull-bred heifers (P = 0.05). To elucidate differences 
in mating type a direct comparison between bull-bred 
and AI-bred heifers 7 d after mating was conducted 
(Table  1). Interferon-γ (P = 0.05), IL-17a (P = 0.01), and 
TNFα (P = 0.02) were all found to be increased by 7 d after 
a natural mating (bull-bred) compared with a pregnancy 
resulting from AI mating. There was also a tendency 
(P = 0.08) for IL-36ra to be increased in natural mating 
compared with AI mating. Even without distinct cytokine 
profiles from PLS-DA between sampling days, multiple 
cytokines, IL-1α, IL-1β, IL-6, IL-8, IL-10, IL-17a, VEGFa, 
and MIP1α, were found to be different over the course of 
the study regardless of pregnancy status (Table 2). Inter-
leukin-8 (P = 0.06), IL-17a (P = 0.08), and MIP1α (P = 0.09) 
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only tended to be different. All other cytokines, IL-1α 
(P = 0.01), IL-1β (P = 0.01), IL-6 (P = 0.03), IL-10 (P = 0.03), 
and VEGFa (P = 0.01) were greatest prior to AI on d 0 and 
lowest on d 35 with d 7 to 28 fluctuating dependent on 
cytokine (Table 2).

Discussion
Cytokines are essential for successful pregnancy estab-
lishment and retention through the promotion of events 
for attachment. Most research has focused on systemic 

and uterine cytokines, thus, making these data novel 
and insightful to the inflammatory changes within the 
vaginal environment that may initiate necessary altera-
tions for early gestation. Research has also indicated that 
systemic cytokines may fluctuate by stage of the estrous 
cycle [8, 15, 16], potentially in preparation for gestation. 
Within the endometrium of heifers, the gene expression 
of IL-1β and IFN-γ, but not IL-1α, IL-6, and IL-10, were 
affected by the stage of the estrous cycle [15]. The current 
study found changes over time of IL-1α, IL-1β, IL-6, IL-8, 
IL-10, IL-17a, VEGFa, and MIP1α. These cytokines were 
greatest following an estrus synchronization protocol and 
intermediate on day 21 which would correspond to a nat-
ural estrus in non-pregnant animals. Thus, agreeing and 
expanding on data previously reported [15]. During preg-
nancy, IL-10 expression by endometrial immune cells 
was increased compared to cyclic heifers [17] and goats 
[18]. While IL-10 was not identified as different amongst 
open, bull-bred, and AI-bred. TNFα was greater in both 
the 3-way and direct (bull vs. AI) comparison 7 days 
after mating indicating the initiation of an inflammatory 
response. Ault-Seay et al., [16] reported IL-10 concentra-
tion to follow a similar pattern to that of TNFα in devel-
oping heifers. Therefore, the time between samples in 
the current dataset may not have been frequent enough 
to capture the impacts of IL-10. Another potential expla-
nation is that IL-36ra, which is anti-inflammatory [21], 
may have a larger role in modulating the inflamma-
tory status of the reproductive tract during early gesta-
tion of cattle. Furthermore, classical functions of TNFα 
have been reported in the activation of macrophages and 
overall inflammation through interactions with IL-1α, 
IL-1β, IL-8, and IL-6 [19, 20]. All of these were found in 
different concentrations either by pregnancy status, mat-
ing type, or sampling day. Additionally, a collaborative 
effect on physiological function was reported in cows 
that failed to rebreed. These cows had a higher ratio of 
IL-1α and IL-1β to IL-10 than those that became preg-
nant [22]. In this dataset, only IL-1β was observed as 

Table 1 The effects of pregnancy status and type of mating on 
individual cytokine concentrations with the vaginal fluid of beef 
heifers
Cytokine Open Bull Bred (d7) A.I. Bred (d 35) SEM P Value
IL-1β 1.24 8.09 1.50 2.02 0.05
IL-17a 0.60b 2.32a 0.68b 0.29 0.01
MCP-1 19.8a 990.4b 110.6ab 278.0 0.04
TNFα 4.39ab 18.09b 1.15b 2.97 0.05
--- --- Bull Bred (d7) A.I. Bred (d 7) SEM P Value
IFNγ --- 3.86a 0.86b 0.76 0.05
IL17a --- 2.32a 0.47b 0.31 0.01
IL36ra --- 13.19 3.50 2.99 0.08
TNFa --- 18.09a 1.93b 2.89 0.02
a, bMeans without a common superscript differ P < 0.05

Fig. 1 The impacts of pregnancy status and type of mating on vaginal 
cytokine profiles via PLS-DA during early gestation. A) Differences in cyto-
kine profiles between non-pregnant (Open) and Pregnant via AI (PregAI) 
on d 7 of gestation. B) Differences in cytokine profiles between non-
pregnant (Open), Pregnant via AI (PregAI)and Pregnant via natural service 
(PregBull)on d 28 following AI
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different in pregnancy status analyses. However, this may 
only be indicative of a stronger role or a quicker response 
of IL-1β and TNFα compared with IL-10 and IL-1α. 
Previous work in our lab showed IL-1α to be relatively 
stable during heifer development [16]. Further indicat-
ing a more indirect role of this cytokine in reproduction. 
Monocyte chemoattractant protein-1 was differentially 
expressed in the current dataset. Monocyte chemoat-
tractant protein-1 regulates cell migration and infiltra-
tion into tissue and has been shown to be important in 
macrophage accumulation during murine pregnancy [23] 
as well as during ovine embryonic attachment and pla-
centation [24]. Since MCP-1 was determined to be differ-
ent between open, bull-bred, and AI-bred heifers but not 
in a direct comparison between mating types, this may 
indicate that MCP-1 is influential in bovine pregnancy 
and reproductive tract inflammation regardless of where 
semen is deposited. Interestingly, IFN-γ was found to be 
different between mating types but not in pregnancy sta-
tus which is somewhat contradictory to other research 
but could be a function of where the samples were col-
lected. Interferon-γ expression was lower in the endo-
metrium of heifers that had viable embryos recovered 
on day 7, compared to heifers with viable non-embryos 
[25]. The increased concentrations of IFN-γ in the heif-
ers who were pregnant from mating with the bull is most 
likely a direct connection with the classical functions 
of IFN-γ  for a pro-inflammatory response and recruit-
ment of immune cells to fight pathogens. This could also 
be a tissue-specific difference between the vagina and 
uterus during early gestation. The presence of these pro-
inflammatory cytokines, IL-1α, IL-1β,IFN-γ, MCP-1, and 
TNFα, in the reproductive tract is typically associated 
with the involution and postpartum disease. Interest-
ingly, cows that developed endometritis had a reduction 
in pro-inflammatory cytokines earlier in the postpartum 
period than cows that did not develop endometritis [26]. 
However, in the current study, it appears that immune 
signaling occurs differently in successful insemination 
but even more so when that insemination occurs in the 
vagina in natural mating compared with deposition 
in the uterus as it is in artificial insemination. Natural 

service mating in the current study (i.e. vaginal insemi-
nation), is likely driving the difference observed due to 
proximity to sample collection and the known promo-
tion of cytokine synthesis within the reproductive tract 
from the active components within the seminal fluid [27]. 
These components cooperate with the epithelial cells to 
facilitate embryo tolerance, expansion, and implantation 
in mammals [27]. However, this makes the differences 
observed for MCP-1 and TNFα even more intriguing. 
Another important function of cytokines during early 
gestation is vascular modulation. The uterus, ovaries, 
and placenta exhibit regular intervals of rapid growth 
with high vascularity and blood flow [28]. Progesterone 
has been reported to influence IL-36ra and VEGFa [16] 
which supports findings that progesterone appears to be 
a primary regulator of uterine vascular function in mam-
mals [29] and potentially the onset of a quiescent uter-
ine environment. However, during heifer development, 
the angiogenic cytokine IL-17a was reported a negative 
trend over time potentially indicative of sufficient blood 
supply to support physiological function [16]. The idea of 
IL-17a increasing in preparation for the required increase 
in blood flow would agree with this data where IL-17a 
increased in bull bred heifers 7 days after insemination. 
However, the AI bred heifers did not exhibit this increase 
which may be a difference in insemination location or a 
potential pathway that is not adequately stimulated when 
copulation does not occur or seminal plasma is diluted 
as is the case with AI. The importance of VEGFa during 
early gestation is well-documented in multiple species 
[30, 31]. In the current study, VEGFa was not influenced 
by pregnancy status or type of mating but was different 
across sampling days. This may be indicative of changes 
in the reproductive tract following ovulation in prepa-
ration for a potential pregnancy. In conclusion, vaginal 
cytokines and cytokine profiles differ based on pregnancy 
status, type of mating, and time following ovulation. 
However, more research needs to be conducted to elu-
cidate the importance of these changes and the mecha-
nisms for establishment of pregnancy.

Table 2 The effects of time after Estrus synchronization on individual cytokine concentration with the vaginal fluid of beef heifers
Cytokine Day 0 Day 7 Day 14 Day 21 Day 28 Day 35 SE P Value
IL-1α 198.2a 59.2b 108.4ab 25.4b 57.5b 19.4b 46.0 0.01
IL-1β 29.2a 4.8b 23.3ab 3.6b 3.6b 4.8b 7.1 0.01
IL-6 17.8a 3.3b 7.5ab 1.1b 1.2b 3.5b 4.5 0.03
IL-8 315.5a 195.4ab 236.28ab 62.6b 223.4ab 59.0b 87.4 0.06
IL-10 49.3a 12.7b 43.0ab 16.9ab 13.0b 12.8b 11.0 0.03
IL-17a 14.2 1.84 6.72 1.60 1.20 1.64 4.95 0.08
VEGFa 710.6a 157.6b 207.9b 77.9b 258.4b 47.7b 138.7 0.01
MIP1a 27.76 11.55 18.49 11.75 13.61 12.18 5.72 0.09
a, bMeans without a common superscript differ P < 0.05
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Limitations
The major limitation of this study is the low number of 
animals in each pregnancy category, only 3 for open, AI 
bred, and bull bred. Additionally, a more direct compari-
son between uterine and vaginal environment would be 
beneficial.
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