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ABSTRACT OF THE THESIS 

 

 

Human Chorionic Gonadotropin (hCG) – a potent immunosuppressive hormone and  

a potenial treatment for autoimmunity 

 

by 

 

Menghong Xiao 

 

Master of Science in Biology 

University of California, San Diego, 2015 

Professor Michael David, Chair 

 

Pregnancy represents a state of immune tolerance to avoid the rejection of the 

fetus. During this physiological transitory state, there have been associations with 

temporary remission of several autoimmune disorders, including multiple sclerosis. 



 

 

 

xi 

 

The fluctuations of pregnancy hormones are the hallmarks in gestation and the proper 

levels of the different pregnancy hormones can ensure successful implantation and 

fetal development. Human chorionic gonadotropin (hCG) is the first pregnancy 

hormones released upon conception and exploited by pregnancy tests. Here we 

provided a possible explanation to elucidate the phenomenon of improvements in 

autoimmunity during gestation. We believe that hCG is the driving factor behind the 

increased immune tolerance. This pregnancy hormone has potent immunosuppressive 

effects on T cells such as the inhibition of IL-2, impairment of cell proliferation and 

failure to upregulate cell activation markers. At high levels, hCG can induce cell death 

in T cell and B cells. With these findings, we hope that it can have the potential to be 

used as immunotherapy for treatment of autoimmune diseases such as multiple 

sclerosis. 
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1. Introduction  

Over the years, pathogens have evolved to become complex and stealthy 

enough that they can bypass the human primary immune defenses, such as our skin 

and mucus, which normally act as surface barriers to prevent foreign particles from 

attacking our vital organs1. When our immune defense is infiltrated by harmful 

antigens, the body’s innate innate immune response initiates the recruitment of cells 

such as lymphocytes and antigen-presenting cells in the hope of fighting off the 

infection. However, the immune system can go awry; instead of acting against foreign 

antigens, it can focus its attack on self-antigens. In the 1970s, researchers discovered 

that not all self-reactive lymphocytes were eliminated during their development – 

failure to eliminate these T and B lymphocytes can lead to autoimmune diseases1. The 

body, in turn, adapts to counteract and regulate these self-reactive lymphocytes 

through clonal anergy and clonal suppression2.         

Autoimmune diseases occur when the immune responses are overactivated – 

the body cannot differentiate between self and non-self1. Multiple sclerosis (MS), for 

example, is a chronic autoimmune disease that involves immune attack on the myelin 

sheath, the substance that surrounds and protects nerve fibers in the white matter of 

the central nervous system1. The immune system attacks the brain, spinal cord, and 

optic nerves, leaving damaged myelin behind1. Patients diagnosed with MS produce 

auto-reactive T lymphocytes that form inflammatory lesions along the myelin sheath2. 

The activated T lymphocytes accumulate in the cerebrospinal fluid, infiltrate brain 

tissue, and cause further inflammatory lesions, eventually destroying the myelin2. The 

damaged myelin sheath and nerve cells can disrupt nerve impulses from traveling to 
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or from the brain. Symptoms associated with nerve impairment range from mild 

numbness in the limbs to severe motor weakness and paralysis1. This unpredictable 

disease is triggered in genetically predisposed individuals by a combination of 

different environmental factors. Studies have indicated that MS is more common in 

the Northern Hemisphere, especially in the United States. North of the 37th parallel, 

110-140 cases occur per 100,000 individuals, while below the 37th parallel, only 57-78 

cases occur per 100,000 individuals2. The effects of multiple sclerosis vary greatly. 

Some patients experience a slow progression of the disease, while others undergo 

acute attacks of exacerbating disease followed by periods of slow recovery1. To this 

day, there is no known cure for MS, or for most other autoimmune diseases.  

The most popular treatments for MS are medications that modify the disease 

course, such as teriflunomide (Aubagio) and interferon beta (Avonex, Betaseron, 

Extavia, Rebif)3. In the hope of managing MS symptoms and enhance patients’ 

comfort of life, these treatments can reduce proliferation of T and B lymphocytes that 

are active in MS. Interferon medicines have been widely used to treat patients with 

MS who have relapses and remissions, characterized by symptom flare-ups followed 

by periods of recovery4. By injecting interferon beta, physicians have seen promising 

results4. It is often used for its anti-viral properties, by suppressing lymphocyte 

activity, inhibiting stimulation of neighboring cells, as well as regulating T cells 

production of interferon gamma, which can exacerbate MS symptoms. Unfortunately, 

patients can develop antibodies against interferons, therefore reducing the efficacy of 

these treatments. While it is important adhere to these disease-modifying medications, 

patients often also resort to corticosteroids to manage relapses, caused by 
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inflammation of the damaged myelin in the central nervous system (CNS). 

Corticosteroids are used as anti-inflammatory drugs to end the relapse more quickly 

and are not believed to have any long-term benefits on the disease nor prevent future 

remissions. All MS therapies can cause side effects varying from mild to serve 

symptoms. Due to the varying degree of drug efficacy and side effects, it is crucial to 

research and develop better immunotherapies to modulate the treatment of 

MS.                                    

Studies have shown that there are increasing levels of certain pro-

inflammatory cytokines in patients with autoimmune disorders. These include tumor 

necrosis factor-alpha (TNFα) released by macrophages, interleukin-2 (IL-2) in T cell 

homeostasis and regulation, and interferon in all cells upon viral infections5. 

Interferon is a specific group of cytokines that was first introduced with the discovery 

of viral interference. The phenomenon was first noted in plant viruses6, 

bacteriophages7, and animal viruses8, where the induction of one virus can have an 

inhibitory effect on another virus. The secreted factor that caused the effect was later 

coined by Isaacs and Lindenmann as interferon 9. It is perhaps one of the most 

underappreciated proteins, though it plays a major role in biological effects, such as 

modulating immune responses to bacteria and protecting against viral infections. 

Secreted by all cells, interferons do not directly kill foreign molecules. Instead they 

boost the immune response and regulate genes that control the secretion of other 

cellular proteins that affect growth and proliferation2. Interferon has been shown to 

induce other cytokines as well as pregnancy hormones10 that mediate the immune 

system.    
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In recent years, studies have shown that autoimmune symptoms are alleviated 

during pregnancy. During pregnancy, the female body undergoes fluctuation of 

different hormones, like human chorionic gonadotropin (hCG), estrogen, and 

progesterone, to ensure successful pregnancy outcome11. hCG is produced by the 

trophoblastic tissue that surrounds the outer layer of the blastocyst12 and is secreted 

immediately after fertilization.  This layer of tissue provides nutrients to the embryo 

and eventually develops into part of the placenta for the fetus12. Furthermore, hCG has 

angiogenic properties by increasing vessel formation as well as promoting vascular 

endothelial growth factor (VEGF)13. This allows the placenta to have adequate blood 

supply during the pregnancy. hCG reaches its maximum level between week 9 and 12 

during pregnancy and then declines until birth14. hCG is a primate-specific hormone; 

which means that it is only produced by humans15 and cannot be detected in rodents16. 

However, hCG can act in a homologous fashion as luteinizing hormone and bind to 

the luteinizing hormone (LH) receptor in rodents (LH/hCG receptor)17. Studies have 

shown that the LH/hCG receptors are widely distributed in non-gonadal tissues 

including human lymphocytes18. Other than hCG, progesterone and estrogen are both 

secreted by the placenta and play important roles in the development of the fetus. 

Estriol, one of the three main estrogens produced during pregnancy, is in clinical trials 

for treating women with MS19. Evidently, these pregnancy hormones have 

immunomodulatory properties that need to be investigated.      

In the literature, it is not well known what the effects of human chorionic 

gonadotrophin are on multiple sclerosis. However, previous murine studies have 

shown that hCG has an immunomodulatory effect20, 21, 22. Khan and colleagues 
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demonstrated that hCG treatment of NOD mice can prevent the development of 

diabetes, a Th1 autoimmune disease. This group revealed that administering hCG 

injections in NOD mice before the onset of diabetes reduced hyperglycemia, reversed 

inflammatory infiltrate of pancreatic tissue damage, and inhibited the production of 

IFN-γ23. Khil and colleagues confirmed these results and further demonstrated that the 

inhibitory effect on Th1 responses was due to an increase of regulatory T cell 

(CD4+CD25+)/T helper cell ratio, which prevented autoimmune disease in diabetic 

mice24. During normal human and murine pregnancy, regulatory T cells (Tregs) 

expand locally and systemically at the maternal-fetal boundary in order to ensure 

protection of the fetus25. Zhou and colleagues revealed an increase in Treg population 

in peripheral blood was necessary for successful in vitro fertilization26. Further studies 

have demonstrated that hCG attracts Tregs to the maternal-fetal interface27, which is 

pivotal for fetal tolerance.    

Symptoms of autoimmune disease can be attenuated in pregnant women. 

Clinical research has demonstrated that pregnancy induces a state of immune 

tolerance in autoimmune hepatitis, where liver cells undergo inflammation leading to 

scarring and hardening of the liver, and ultimately liver failure. Researchers in this 

study have concluded that the improvement of liver functions during pregnancy is due 

to the transition of Th1 cells to Th2 cells, which activate mainly B cells and immune 

responses that depend upon antibodies. This study examined six patients diagnosed 

with autoimmune chronic hepatitis (AIH) and monitored them through fourteen 

pregnancies. Results showed that symptoms of AIH improved significantly during the 
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second trimester of pregnancy and onward. After delivery, females experienced 

autoimmune disease flare ups in 12 of the 14 events28.      

My project aims to investigate T cell mediated interactions in MS and 

elucidate the effects of hCG on T cells. We want to examine how hCG modulates 

lymphocyte function. More importantly, we want to assess whether hCG treatments 

could be used to alleviate symptoms of patients suffering from MS. To assess clinical 

relevance, we will use a virus-induced neuroinflammatory demyelination animal 

model to see if hCG treatment can attenuate clinical outcome.    
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2. Materials and methods 

Animals 

Wild type C57BL/6 mice were obtained from Jackson Laboratory (Bar 

Harbor, ME). Animals were between 6 and 12 weeks of age at the time of the 

experiments. All mice used in these experiments were housed in a pathogen-free 

environment and were bred and cared for in accordance with University of California, 

San Diego Animal Care Facility regulations. 6 week old C57BL/6 mice were infected 

intracranially (i.c.) with 150 plaque forming units (PFU) of mouse hepatitis virus 

strain J2.2v-1 (JHMV). Mice were sacrificed at defined times post-infection by 

isofluorane inhalation and spinal cords were removed and processed for analysis. 

 

hCG preparation  

Lyophilized powder form of hCG obtained (Sigma-Aldrich) contains 2,500 IU 

per vial. For in vitro experiments, hCG was reconstituted in RPMI supplemented with 

10% heat-inactivated fetal bovine serum, 100 U/ml Penicillin, 100 µg/ml 

Streptomycin, 2mM L-Glutamine, MEM Non-essential Amino Acid, 1mM Sodium 

Pyruvate, and 55uM 2-Mercaptoethanol. For in vivo experiments, hCG was 

reconstituted in 1x PBS. Resuspened hCG was stored at 4°C up to 4 weeks. 

 

T cell stimulation 

Splenic T cells or purified CD3+ T cells (Mouse T cell isolation kit, EasySep, 

Stem Cell) were treated with the indicated concentrations of hCG (Sigma) for 16 h or 

as indicated prior to stimulation with either Dynabeads Mouse T cell activator 
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CD3/CD28 (Invitrogen) or 5 ng/mL phorbol myristate acetate (PMA) and 500 ng/mL 

Ionomycin (Sigma) and then cells were analyzed for IL-2 protein by intracellular stain 

or RNA by reverse transcription and quantitative PCR. Mouse IL-2 ready set go kit 

(eBioscience) was used to measure IL-2 released into the conditioned T cell culture 

medium. Human PBL's were stimulated with Dynabeads Human T cell activator 

CD3/CD28 (Invitrogen).  

 

Quantitative PCR 

RNA was isolated from activated T cells by the RNeasy method (Qiagen). 

cDNA was prepared with the high capacity cDNA reverse transcription kit (Applied 

Biosystems) and QT-PCR was performed using Taqman primers for mouse and 

human IL-2, mouse IL-4, mouse TNF, and mouse IFN-γ (Applied Biosystems). 

Analysis was carried out on a Step One Plus real time PCR system (Applied 

Biosystems). mRNA abundance was determined by relative quantification and 

normalized to GAPDH.  

 

Flow-cytometric analysis  

For immunostaining, single cell suspensions were prepared from mouse spleen 

with approximately 1 × 106 cells suspended in FACS buffer (PBS pH 7.4, 1% FCS, 

0.02% NaN3) and stained for 15 min in the dark on ice. Mouse antibodies, FITC-anti-

CD4 (GK1.5), APC-anti-CD8 (53-6.7), and PE-anti-IL2 (JE56-5H4), PE-anti-CD62L 

(MEL-14), PE-anti-CD44 (PGp-1), PE anti-CD25 (PC61.5), PE-anti-CD69 (H1.2F3), 

APC-Annexin V, and 7-AAD were obtained from eBioscience (San Diego, CA), as 
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well as human antibodies, PE-anti-IL-2 (MQ1-l7Hl2), FITC-anti-CD3 (OKT3), 

PerCp/Cy5.5-anti-CD4 (OKT4), APC-anti-CD8 (HIT8), PE-anti-CD69 (FN50), and 

PE-anti-CD25 (BC96). All samples were analyzed on a FACSCalibur (BD 

Biosciences) and processed using Flow Jo (Ashland, OR).  Intracellular staining was 

carried out using the Intracellular Fixation and Permeabilization Buffer with Brefeldin 

A (eBioscience) according to the manufacturer’s directions. Intracellular calcium 

levels were monitored by flow cytometry after loading cells with Fluo-4 AM and Fura 

Red (Invitrogen), and data represent the ratio of the signal for each. CD3+ T cells were 

loaded with dye, washed, and a baseline reading was taken for 30 seconds prior to 

treatment with hCG (Sigma) for 1 min. Hamster anti-CD3 (eBioscience) was added at 

10 µg/mL and data was collected for another min prior to the addition of 5 ug/mL 

hamster anti-CD28 (eBioscience) with 20 µg/mL hamster anti-mouse IgG 

(eBioscience) and readings were continued for a total of 5 min. 

 

Western blotting 

Splenic T cells were treated as above but then stimulated with 10 µg/mL anti-

CD3 and 5 ug/mL anti-CD28 for 2, 5, 20, and 60 min. Cells were lysed in Cell Lysis 

Buffer (Cell Signaling Technology) supplemented with Phosphatase Inhibitor 

Cocktail Set I, Phosphatase Inhibitor Cocktail Set II, and Protease Inhibitor Cocktail 

Set III (Merck Millipore). NuPAGE 4X LDS Sample Buffer (Life Technologies) was 

added to the lysates then samples were resolved by 4-12% SDS-PAGE (Life 

Technologies) and transferred to Amersham Hybond-LFP PVDF membranes (GE 

Healthcare) followed by Western blotting with specified antibodies and corresponding 
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HRP-conjugated secondary antibody. Blots were probed for phospho-p44/42, 

phospho-38, phospho-PLCγ, phospho-AKT, total-p44/42, total-p38, total-PLCγ and 

total-AKT (Cell Signaling). The membranes were developed with Amersham ECL 

Plus Western Blotting Detection Reagent (GE Healthcare).  

 

Histology 

Animals were euthanized by isolfuorane inhalation before a cardiac perfusion 

of PBS was performed. Spinal cords were harvested and fixed in 4% 

paraformaldehyde overnight before the 12 mm rostro-caudal region surrounding 

thoracic level 9 (T9) was embedded in optimal cutting temperature (OCT) compound 

for cryosectioning. 6-µm frozen coronal sections embedded in OCT were subjected to 

H&E and Luxol Fast Blue (LFB) staining. Images were captured on a CRI Nuance 

Multispectral Imaging (Caliper, Hopkinton, MA) system attached to a Nikon E800 

fluorescent microscope (Nikon) using the 4X objective. In LFB staining, myelin is 

stained blue, and is commonly used for identifying the basic neuronal structure in the 

brain or spinal cord tissue. LFB stained slides were subjected to quantification using 

ImageJ by measuring the myelin density. To calculate percent demyelination, outlined 

demyelinated region in the ventral white matter is divided by the total ventral white 

matter area and multiplied by 100. 

 

Clinical outcome 

Behavioral testing of all animals was conducted using the 4-point clinical 

scoring scale29 where 0 = no abnormality, 1 = limp tail, 2 = waddling gait and partial 
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hindlimb weakness, 2.5 = difficulty righting itself when put on its back, steady walk 

but pronounced waddles, 3 = complete hind limb paralysis but of self-propelled 

mobility with fore limbs, 3.5 = complete hind limb paralysis and moribund 

disposition, 4 = death. After hCG treatment, animals were tested every day until the 

end of the experiment.    
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3. Results 

3.1. hCG impairs Interleukin-2 (IL-2) production in T cells 

 Interleukin-2 (IL-2) plays a pivotal role in T cell survival and differentiation 

into effector T cells. Immediately following activation by antigen, CD4+ T helper 

cells synthesize large amounts of IL-2, and to a lesser extent, CD8+ T cells1,2. We 

chose to investigate the effects of hCG on IL-2 production in T cells because of the 

hCG’s potential immunosuppressive effects from previous studies. Upon stimulation 

with agonistic anti-CD3/CD28, splenic T cells of WT C57BL/6 mice produced IL-2 

within 2 hours detected by intracellular flow cytometry staining for IL-2. However, 

upon 16hr pretreatment with hCG, the number of IL-2 producing cells was severely 

reduced in a dose dependent manner (Fig1B). Moreover, IL-2 production was 

inhibited in both CD4+ as well as CD8+ T cells. This observation was also confirmed 

with mRNA by qPCR (Fig1A) and in human T cells both at the RNA (Fig1C) and 

protein level (Fig1D). This effect was not unique to anti-CD3/28 stimulation as hCG 

also inhibited the production of Il-2 when T cells where stimulated with the chemical 

mitogens PMA and Ionomycin (not shown). Next we wanted to examine if this IL-2 

reduction occurs after 2 hours post stimulation. Splenic enriched T cells were 

pretreated with hCG for 16 hours, then stimulated with anti-CD3/28 for various time 

points. IL-2 transcript levels decreased with hCG treatment and was sustained 

throughout the time course (Fig1E). In fact, the amount of IL-2 being released into the 

solution of splenic T cell cultures stimulated with anti-CD3/28 was inhibited by hCG 

in a dose dependent manner. This was corroborated by measuring the IL-2 
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concentration by Enzyme Linked Immunosorbant Assay (ELISA) in the cell free 

supernatant at various time points (Fig1F). Further experiments revealed that hCG 

pretreatment was not necessary for the IL-2 inhibition since IL-2 production 

decreased when hCG and anti-CD3/28 were added simultaneously in murine T cells 

(Fig1G) as well as human T cells (Fig1H). These findings indicate that there are fewer 

IL-2 producing T cells and less IL-2 secreted in serum with hCG treatment.                

 

 

Figure 1A: IL-2 suppression at RNA level in splenic T cell from mice with hCG 

treatment assessed by qPCR 

Figure 1B: IL-2 suppression at protein level in splenic T cell from mice with hCG 

treatment assessed by flow cytometry
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Figure 1C: IL-2 suppression at RNA level in human PBMCs with hCG treatment 

assessed by qPCR 

Figure 1D: IL-2 suppression at protein level in human PBMCs with hCG 

treatment assessed by flow cytometry 
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Figure 1E: IL-2 transcript levels decrease post-stimulation with hCG pre-

treatment of splenic T cells from mice assessed by qPCR 

 

Figure 1F: IL-2 protein levels decrease post-stimulation with hCG pre-treatment 

assessed by ELISA 

0

50000

100000

150000

200000

250000

Unstim CD3/28 1hr CD3/28 2hr CD3/28 6hr CD3/28

18hr

F
o

ld
 I

n
d

u
ct

io
n

hCG Pre-treatment IL-2 Transcripts

No treatment

100U hCG

0

1000

2000

3000

4000

5000

6000

CD3/28 0hr CD3/28 2hr CD3/28 6hr CD3/28 24hr

C
o

n
ce

n
tr

a
ti

o
n

 (
p

g
/m

L)

hCG Pre-treatment IL-2 ELISA

No Treatment

500U hCG

1000U hCG



16 

 

 

Figure 1G: IL-2 suppression throughout RNA kinetics of various pre-treatments 

with splenic T cells from mice assessed by qPCR 

Figure 1H: IL-2 immediate suppression at protein level with human PBMCs 

assessed by flow cytometry 

 

3.2. hCG inhibits cell survival and cell activation 

 This inhibition of IL-2 production is also accompanied by diminished cell 

proliferation as well as failure to upregulate several T cell activation markers. CFSE 

assay was performed with splenic T cells of WT C57BL/6 mice treated with 
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increasing dose of hCG. Upon 72 hours post anti-CD3/28 stimulation, CD4+ and 

CD8+ exhibited a reduction in cell proliferation in murine (Fig2A) and human 

(Fig2B). This was also confirmed with BrdU staining for S-phase+ T cells by flow 

cytometry. There were significantly fewer S-phase+ T cells with hCG treatment 

compare to that without (Fig2C). T cell activation was also assessed with cell surface 

markers CD 44, CD62L, CD69, and CD25 by flow cytometry 24 hours post anti-

CD3/28 TCR stimulation. While CD44 and CD69 were not drastically affected, 

splenic T cells failed to upregulate CD69 and CD25 at high concentrations of hCG 

(Fig2D). This phenotype was also observed in human T cells (Fig2E). These results 

effectivfely demonstrate hCG’s potent inhibition of cell proliferation and impairment 

on cell activation markers.                

 

Figure 2A: hCG inhibits cell proliferation by CFSE staining of splenic T cells 

from mice assessed by flow cytometry 
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Figure 2B: hCG inhibits cell proliferation by CFSE staining of human PBMCs 

assessed by flow cytometry 

 

Figure 2C: hCG inhibits cell division by BrdU staining of splenic T cells from 

mice assessed by flow cytometry 
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Figure 2D: hCG impairs cell activation markers of splenic T cells from mice 

assessed by flow cytometry 

 

Figure 2E: hCG impairs cell activation markers of human PBMCs assessed by 

flow cytometry 

 

 

3.3. hCG induces cell death 

 In addition to the inhibition of IL-2 production and cell proliferation detected 

at lower hCG concentrations, high levels of hCG lead to a significant increase in cell 

apoptosis. Total splenocytes of WT C57BL/6 were evaluated by Annexin V and 

7AAD staining via flow cytometry post 16hrs hCG pre-treatment. Resting splenocytes 

exhibited enhanced cell death and cell apoptosis in T cells and B cells with increasing 

dose of hCG treatment (Fig3A). This characteristic was also observed in human T and 
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B lymphocytes (Fig3B). Upon induced programmed cell death, various major 

caspases are activated and result in DNA fragmentation and eventually the cell 

becomes phagocytosed3. Caspase-3 is one of the key executioners of apoptosis, being 

responsible for the proteolytic cleavage of many important proteins4. Indeed, caspase-

3 was activated when pre-treated with hCG for 16hrs (Fig3C). This dose dependent 

phenomenon required longer hCG pre-treatments compared to shorter pre-treatments, 

where cell apoptosis was not observed (Fig3D). These findings indicate that pre-

treatments of hCG at high levels can lead to an increase in cell apoptosis through the 

upregulation of caspase-3.                
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Figure 3A: hCG induces cell death of splenocytes from mice assessed by flow 

cytometry (N=1) 
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Figure 3B: hCG induces cell death of human PBMCs assessed by flow cytometry 

(N=1) 
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Figure 3C: hCG induces cell apoptosis of splenocytes from mice assessed by flow 

cytometry 

3.4. T cell receptor signaling with hCG treatments  

Calcium mobilization 

Monitoring intracellular calcium is a useful tool in assessing cellular activity 

in response to activating stimuli. As a secondary messenger, calcium plays an 

important role in regulating cellular response in a wide variety of cell types, including 

activated T cells5,6. Upon T cell receptor engagement, phospholipase C (PLC) is 

activated and cleaves phosphoinositide-4,5-bisphosphate (PIP2), producing two 

secondary messengers, diacylgycerol (DAG) and IP3. IP3 then diffuses through the 

cytoplasm and causes the release of calcium from the endoplasmic reticulum (ER) by 

binding to the IP3 receptors7. To investigate hCG’s effect on calcium mobilization, 

we utilized dyes Fura Red and Fluo-4, which alter their fluorescence as the 

concentration of intracellular calcium changes. Commonly used in flow cytometry, 

Fluo-4 fluoresces with increasing intensity when bound to calcium while Fura Red 

exhibits inverse behavior. In order to measure calcium influx and efflux, purified total 
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T cells of WT C57BL/6 were stimulated with CD3 and CD28+crosslinking with or 

without increasing dose of hCG. hCG appeared to drastically inhibit calcium influx 

and efflux in a dose dependent manner (Fig4A). In order to elucidate how hCG is 

affecting calcium influx in activated T cells, we chose to inhibit calcium uptake by the 

ER. Thapsigargin (TG), an ER ATPase inhibitor, can raise intracellular calcium 

concentration by depleting storage in the ER8. Upon treatment with Thapsigargin, 

there was showed no significant difference in calcium influx between no treatment 

and with various dose of hCG, indicating that the hormone could possibly affect 

signaling at the proximal regions of the plasma membrane (Fig4B).              

Figure 4A: hCG inhibits calcium influx and efflux in splenic T cells from mice 

assessed by flow cytometry 
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Figure 4B: hCG does not affect calcium influx in splenic T cells from mice in the 

presence of thapsigargin assessed by flow cytometry 

 

TCR signaling  

Following stimulation with agonistic anti-CD3/CD28, T cells become 

activated, and a number of protein complexes are formed, leading to the activation of 

various signaling pathways. Upon TCR engagement, different signaling effectors such 

as Phospholipase Cγ1 (PLCγ1), protein kinease B (AKT), p38 mitogen-activated 

protein kinase (MAPK), and extracellular-signal-regulated kinases (ERK) becomes 

activated9. The cascades of events ultimately lead to gene expression induced by 

transcriptional activators such as NFAT, AP-1, and NF-κB9. Induced gene expression 

is important for cell proliferation, differentiation, and synthesis of cytokines such as 

IL-2, which is vital for T cell growth and survival. We wanted to determine if hCG 

was affecting signaling downstream of the TCR to inhibit IL-2 production. Purified 

total T cells of WT C57BL/6 were stimulated with CD3 and CD28+crosslinking with 

or without hCG. While the MAPK/ERK pathway and PLCγ were not affected by 

hCG, AKT expression was inhibited upon hCG treatment at indicated time points 

(Fig5). The PI3K/ATK/mTOR pathway lies at the heart of signaling networks 
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governing normal physiological processes such as protein synthesis10. AKT directly 

contributes to the activation of cell survival11, growth12, proliferation13, 

angiogenesis14, and metabolism15. From our previous experiments, hCG is most likely 

inhibiting cell proliferation and growth by downregulating AKT.                 

 

Figure 5: hCG selectively inhibits the activation of AKT assessed by Western 

blotting 

 

 

3.5. hCG treatments in mice  

In vivo, we were interested in investigating the efficacy of hCG in mediating 

autoimmune diseases such as MS in a mouse model. Fortunately, a mouse model of a 
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virus-induced neuroinflammatory demylination16 became available to us. Mouse 

hepatitis virus (MHV), JHMV J2.2v1, is a neuroattenuated strain virus that induces 

demyelination through the activation of T cells. Although it is different from EAE, the 

disease manifests with similar clinical symptoms and histopathology as chronic EAE. 

Mice inoculated intracranially at 6 weeks will begin to appear sick between day 7-10 

post-infection, and clinical scores will plateau around day 14 post infection coincident 

with viral clearance.  

Several rounds of hCG treatment were administered using thos model. 

C57BL/6 male mice were treated with 500U/mouse hCG intraperitoneally (i.p.) at day 

14 post infection for 21 days and assessed by clinical scores and survival rates. Upon 

treatment, male mice resulted in progressively worse clinical outcome, increase in 

clinical scores and decrease in survival rates compared to that of control (Fig6A). 

Observing that almost all males mysteriously died during the hCG treatment, we 

questioned gender of mice, the dosage of hCG and route of administration. We 

determined there is a gender difference in the way hCG affects mice. 1. In vitro, 

isolated T cells from male mice responded better to hCG than T cells from female 

mice. 2. A lower dose of hCG treatment might be better to prevent cells to become 

desensitized over time. 3. Intravenous (i.v.) injections should also be considered for a 

faster, easier absorption of the hormone. For the next cohort, male and female mice 

were treated with 50U/mouse hCG intraperitoneally and intravenously at day 14 post 

infection. Again, hCG treatment exacerbated clinical outcome in males. However, this 

was not the same for females. Female mice, treated with 50U hCG either 

intraperitoneally or intravenously, exhibited steady if not slightly improved clinical 
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scores compared to that of control (Fig6B). This observation was confirmed with 

histology analysis of sections of the spinal cord stained with hematoxylin and eosin 

(H&E) for inflammation assessment and luxol fast blue (LFB) for quantification of 

demyelination (Fig6C). In order to examine clinical usage, we next wanted to see if 

beginning hCG treatment at the acute phase, day 8 post infection, rather than the 

chronic phase could prevent disease formation. Female mice were treated with 

50U/mouse, either intraperitoneally or intravenously, at day 8 post infection. 

Surprisingly, treatment with hCG during the acute phase exacerbated disease severity, 

with hCG delivered i.v. resulted in the higher clinical scores (Fig6D). hCG treatments 

with uninfected C57BL/6 mice appear to be normal and do not contribute to animal 

mortality (not shown). We believe that hCG is immunosuppressive in mediating 

disease severity in mice chronically infected with mouse heptatis virus. However, 

during the treatment, mice become immunocompromised and are susceptible to the 

reemerged viral infection. 
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Figure 6A: Clinical outcomes of 500U/mouse i.p. hCG treatments of C57BL/6 

male mice infected with neuroattenuated mouse hepatitis virus during chronic 

phase 
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Figure 6B: Clinical outcomes of 50U/mouse i.p. & i.v. hCG treatments of 

C57BL/6 male and female mice infected with neuroattenuated mouse hepatitis 

virus during chronic phase 
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Figure 6C: Histology of spinal cord sections stained with H&E and LFB of 

50U/mouse i.v. hCG treatments of C57BL/6 male and female mice infected with 

neuroattenuated mouse hepatitis virus during chronic phase 
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Figure 6D: Clinical outcomes of 50U/mouse i.p. & i.v. hCG treatments of 

C57BL/6 female mice infected with neuroattenuated mouse hepatitis virus 

during acute phase 
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4. Discussion 

Multiple sclerosis (MS) is one of the most prevalent demyelination diseases of 

the CNS, affecting an estimated one million individuals worldwide30. MS is viewed as 

a genetically based asymptomatic immune dysfunction triggered by a non-specific 

viral infection, affecting predominately women of childbearing age31. Interestingly, 

studies have shown beneficial effects of pregnancy on clinical symptoms of MS and 

other Th1-mediated autoimmune diseases32. MS patients experience a significant 

reduction in relapse rates during pregnancy, and temporary rebound exacerbations 

postpartum28,33. Evidently, the state of pregnancy, including fluctuations of sex 

hormones, can have immunological and clinical effects on autoimmune disorders. 

However, contraceptives, containing sex steroids such as estrogen and progesterone, 

do not alleviate MS symptoms. The hormone hCG is unique during gestation in that it 

is one of the first pregnancy hormones released upon conception and detected in urine 

by the over-the-counter pregnancy tests. Intrigued by the improvement of 

autoimmunity during pregnancy, we hypothesized that hCG is driving the 

immunomodulatory effects on autoimmune diseases such as MS.  

Our preliminary studies demonstrated a potent immunosuppressive effect of 

hCG on isolated T cells from mice as well as human PBMCs. When hCG is added 

simultaneously with stimulating anti-CD3/28 and incubated for only 2 hours, 

increasing concentrations of hCG led to a dose-dependent suppression of IL-2 

production at the RNA and protein level. The inhibition of IL-2 production was 

accompanied by diminished cell proliferation as well as a failure to up-regulate 

several T cell activation markers. In addition, high levels of hCG led to a significant
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increase in apoptosis in both murine and human T cells and B cells at later 

time points. Pilot in vivo experiments suggested that treatment with hCG modulates 

disease severity in mice chronically infected with mouse hepatitis virus. Female mice 

treated with hCG at day 14 post infection exhibited improvement in survival rates as 

well as clinical scores compared to that of control. Histopathologically, they also 

showed less inflammation and demyelination in the spinal cord. We suspect that 

increased mortality of males, treated with hCG day 14 post infection, and females, 

treated with hCG at day 8 post infection, was due to the reemergence of the virus. 

While T cells are not required to maintain suppression of the MHV replication after 

day 7 post infection, the humoral response is critical for control virus recrudescence. 

Since hCG appears to kill B cells in vitro, this may eventually lead to reemergence of 

the virus. To test if hCG has immunosuppressive effects in autoimmunity we used 

an MHV-induced demyelination model of EAE. This did not turn out to be the best 

animal model to evaluate the immunosuppressive effects of hCG on T cells. Even 

though it is a neuroattenuated virus that activates T cells to induce demyelination, 

there are also other factors that affect clinical outcome, such as virus 

induced demyelination. When the results are inconclusive, it is hard to 

pinpoint whether it is the hCG's effect on T cells or the hCG's effect on the viral 

clearance. To ensure that there are no other variables, it would be better to test the 

hormone on other animal systems such as MOG-induced EAE or the MBP-TCR 

transgenic model, where demyelination is caused by auto reactive T cells rather than a 

virus specific T cells. 
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Gender differences  

Interestingly, the gender difference with hCG treatments was evident in both 

in vitro and in vivo experiments. When isolated T cells were stimulated with agonist 

anti-CD3/28, male isolated T cells were more sensitive to hCG than female T cells 

(i.e. less hCG was needed to treat male T cells in order to achieve the same effect to 

that of female). This may be the reason why chronically infected males succumb to 

the virus when compared to females. Differences in hormone levels between males 

and females could explain this effect as hCG shares the receptor for luteinizing 

hormone (LH). It would be interesting to determine if there is a difference in the level 

of expression of the LH receptor on lymphocytes from male vs female mice. 

 

cAMP 

The LH/hCG receptor is a member of the superfamily of G-protein coupled 

receptors, commonly expressed in ovary, testis as well as placenta34. This 7 

transmembrane domain receptor undergoes conformational changes upon ligand 

binding, leading to the release of activated stimulatory G protein α (Gα) subunits and 

downstream adenylyl cyclases (ACs) activation via hydrolyzing ATP to cyclic AMP 

(cAMP)35. In the literature, cAMP is a potent inhibitor of T cell function36, 37, such as 

T cell activation37, proliferation38, and the production of cytokines such as IL-239. It is 

very possible that the hCG inhibitory effect on T cell immune functions is through an 

increase in cAMP levels. Pilot experiments utilizing GPCR inhibitors and forskolin 

suggest a cAMP depedent T cell inhibition similar to stimulation with hCG (not 

shown). In fact, studies have shown that T cell signaling is inhibited through the 
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activation of cAMP-dependent protein kinase37. Furthermore in breast cancer cells, 

hCG increased cAMP synthesis and activated cAMP-depedent protein kinase A, 

triggering the down-regulation of NF-κB and AP-140. It would be interesting to further 

investigate the mechanism by which hCG is affecting T cell signaling.            

Tregs   

 During normal human and murine pregnancy, the Treg population expands at 

the fetal-maternal interface to ensure successful implantation25. Studies have shown 

that there is a correlation between hCG and Treg recruitment, both of which are 

diminished in women suffering from spontaneous abortions compared to normal 

pregnancy27. Thus, in addition to inhibiting conventional T cell function, it is also 

promoting the recruitment and activity of regulatory T cells. It would be interesting to 

see if the Treg population would proliferate at lower concentrations of hCG in vitro.    

Cancer 

While hCG could potentially be a novel treatment for MS, it has been well 

investigated in the context of cancer. hCG is a known marker for tumors of placental 

and germ cell origin and is produced at such high levels that it can be detected in 

blood or urine41. Studies have found that hCG is expressed by many tumors, 

particularly lung, pancreatic, and GI malignancies41,42,43. Bepler and colleagues 

revealed several carcinoma cell lines that highly express α- and β-hCG41. Studies have 

also shown that hCG is known to increase vascular endothelial growth factor (VEGF) 

expression thus providing an angiogenic tumor microenvironment that facilities tumor 

growth44,45,46. So under physiological conditions, hCG’s role is to establish immune-

tolerance to the developing fetus as well as vascularization of the placenta. We also 
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believe that tumor-derived hCG is not only an effective means of tumor immune 

evasion through inhibiting T cell function, but also promotes angiogenesis within the 

tumor. As such hCG could be a novel target for cancer therapy. Strikingly, hCG 

vaccines have been successfully developed to provide a new form of life-long 

contraceptive47, an hCG-based vaccine could also potentially be an effective 

immunotherapy for cancer48,49. In addition, an hCG vaccine strategy would be far 

more cost effective than the various antibody based cancer therapies such as anti-PD1 

or anti-CTLA4 treatments.      
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