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Introduction
Depression as one kind of serious neruropsychiatric disorder has 
made great social and economic burden [1,2]. A great number 
of studies emerging aimed to decipher the pathogenesis of 
depression [1-11]. Dysfunctions of various brain areas including 
the lateral habenula (LHb) were involved in the occurrence of 
depression [12-15]. A fruitful of studies emerged in recent years 
lay the foundation of unveiling the association between the LHb 
and depression [14-19], however, much more still remains to be 
known especially about the mysterious role of LHb in depression. 
Here in the current min-review, we briefly summarized some 
key findings pertaining to the role of LHb in depression and 
potentially intended to inspire some hints on the unresolved 
aspects concerning this specific brain area in depression, and 
hopefully to provide some insights into the future research on 

the underestimated important role of LHb in depression.

The medial and the lateral habenula (LHb) are two main sub-
nuclei of the habenula which is part of the epithalamus [20]. 
Generally, the LHb could be activated by stimuli related to 
negative experiences and participated in decoding aversive 
signals. In recent years the LHb has emerged as a crucial 
brain region involved in the pathophysiology of depression. 
Evidence from functional magnetic resonance imaging studies 
revealed that patients exhibiting psychiatric disorders showed 
hyperactivity of LHb neurons accompanied with depressive 
phenotypes [16]. In a rat model of depression induced by 
the congenital learned helplessness, it was documented that 
gamma-aminobutyric acid (GABA) agonist muscimol could inhibit 
LHb activity, which eventually produced antidepressant effects 
in this treatment resistant animal model of depression [17-23]. 
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Abstract
Depression is a serious neuropsychiatric disorder and affects a large number 
of populations worldwide, and results in great social and economic burden. 
The lateral habenula (LHb), as one main subnucleus of the habenula which 
is part of the epithalamus, could decode aversive signals in the brain. The LHb 
showed some innervations to the dorsal raphe nucleus and the locus coeruleus 
that had closely relationship with depression. A plethora of evidence including 
both animal models and clinical studies has confirmed the involvement of LHb 
in the pathophysiology of depression. The LHb generally exhibited hyperactivity 
under the depressed state, which may, to some extent, be due to the aberrant 
regulation or dysfunctions of certain specific molecules in the LHb, for example, 
the β form of calcium/calmodulin-dependent protein kinase type II and p11 as 
well as protein phosphatase 2A. Though great efforts on the study of the role of 
the LHb in depression and great advances had been made, far more remains to be 
addressed concerning functional role of LHb in anxiety and the interactions of LHb 
with other brain systems related to stress which acts as a crucial factor inducing 
depressive-like symptoms. Accordingly, in the present mini-review we took a brief 
glance at some key findings pertaining to the role of LHb in depression and tried 
to inspire some hints on the unresolved aspects concerning this specific brain area 
in the pathogenesis of depression, and hopefully to provide some insights into 
future studies on the potentially crucial role of LHb in depression.
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Moreover, clinical evidence showed that functional inhibition 
of the LHb depending on deep brain stimulation exhibited 
antidepressant effects on patients with depression [23], which 
was possibly due to the innervation of LHb to the dorsal raphe 
nucleus and the locus coeruleus. This evidence implies that the 
inhibition of LHb activity could be considered as a potential 
therapeutic target for the treatment of depression. On the one 
hand, it has been summarized that the complicated interactions 
of the LHb and dorsal raphe nucleus contributed to the 
regulation of physiological mechanism underlying depression, 
and the disruption of these normal interactions were responsible 
for the pathogenesis of depression. On the other hand, the 
antidepressant effects of antidepressants were generally relied 
on its influence on the serotonergic and noradrenergic systems. 
Serotonergic fibers and noradrenergic fibers are originated from 
the dorsal raphe nucleus and the locus coeruleus, respectively. 
Both the dorsal raphe nucleus and the locus coeruleus are, at 
least to some extent, innervated by the habenular complex, 
suggesting that the LHb may also exert its modulatory role 
during the pathogenesis of depression through an indirect way 
depending on the innervation of the dorsal raphe nucleus and 
the locus coeruleus [23].

Several lines of evidence have identified enhanced habenula 
activity in the depressed state [24-26]. Scientists worldwide 
recently have made great efforts on clarifying the molecular 
mechanism of the LHB hyper-activation in inducing depressive-
like phenotypes [27]. It has been demonstrated that the β form of 
calcium/calmodulin-dependent protein kinase type II (βCaMKII) 
was remarkably increased in the LHb of animal models of 
depression and was significantly decreased by antidepressants. 
Also, the increase of βCaMKII was sufficient to induce conspicuous 
depressive-like symptoms. On the other hand, the decrease of 
βCaMKII could reverse the depressive symptoms. These findings 
indicated that βCaMKII was a key mediator in maintaining normal 
functions of LHb neuron and a crucial molecular determinant of 
depression. A new recent study pertaining to the role of LHb 
in depression documented that the elevation of p11 in LHb 
neurons could mediate depression-like behaviour in mice. It 
was demonstrated that p11 was remarkably increased in LHb 
neurons in the chronic restraint stress-induced mice exhibiting 
depressive-like phenotypes. The knockdown of p11 expression in 
LHb ameliorated the stress-induced depressive-like phenotypes 
and the over-expression of p11 in LHb neurons with dopamine 
D2 receptor expressed of control mice led to depression-like 
behaviours.

Conclusion
This study highlighted that p11 in LHb was a crucial molecular 
determinant in regulating negative emotions, and provided some 
insights into the understanding of the molecular and cellular basis 
of depression. Another recent study also provided some evidence 
concerning the cellular mechanisms underlying LHb hyperactivity 

which potentially led to the depressive-like phenotypes. It was 
reported that foot-shock exposure as an aversive experience 
could result in LHb hyperactivity and depressive-like symptoms in 
mice [27]. It was found that foot-shock exposure could increase 
the activity of protein phosphatase 2A (PP2A), which in further 
persistently weakened the GABAB receptor (GABABR)-activated 
G protein-gated inwardly rectifying potassium (GIRK)-mediated 
currents. The inhibition of PP2A could restore both GABAB-GIRK 
function and also alleviated the depression-like behaviours. 
This interesting research actually supplied a new therapeutic 
method to ameliorate depressive-like symptoms in disorders 
typical of the LHb hyperactivity. Collectively, the aforementioned 
evidence underscores the crucial role of LHb in the pathogenesis 
of depression.

Great efforts on the study of the role of LHb in depression and 
great advances had been made in the past decades, however, 
far more remains to be addressed concerning the functional 
role of LHb in anxiety and the interactions of LHb with other 
brain systems related to stress. It is well known that stress 
exposure could lead to depression in both animal models and 
humans [28]. In addition, the exposure to stress could alter the 
synaptic plasticity through lowering the threshold for long term 
potentiation induction in LHb [28], which may further disturb 
both the local neural microcircuits and long projection properties 
in LHb and, in the end, subserved the depressive-like phenotypes. 
The LHb could relay neuronal information from limbic forebrain 
areas to a plethora of monoamine regions [29]. Historic research 
has demonstrated that LHb neurons could form synapses on 
dopamine neurons in the ventral tagmental area projecting to 
the medial prefrontal cortex (mPFC) [30]. Depending on the 
connections with dopamine neurons in the ventral tagmental 
area, LHb could form reciprocal interactions with mPFC, which 
has been confirmed having roles in regulating emotional and 
cognitive function in rodent, monkeys and humans [31-33]. In 
addition, LHb was also received GABAergic innervations which 
are probably from the ventral pallidum, ventral tegmental area 
and nucleus accumbens [34], however, implications for most of 
these functional connections so far remains largely unknown. 
Thus, the clarification of these functional projections between 
the LHb and the above mentioned brain areas will undoubtedly 
deepen our current understandings of the mysterious role of the 
LHb in the pathogenesis of depression.

Acknowledgements
This study was supported by the grants from the Wenzhou 
Science and Technology Plans (No.Y20140139), the Foundation 
of School of Ophthalmology and Optometry, The Eye Hospital, 
Wenzhou Medical University (YNCX201311), the Natural Science 
Foundation of Zhejiang Province of China (No. LQ14H120003) 
and the National Natural Science Foundation for Young Scientists 
of China (No. 81301117).



3

ARCHIVOS DE MEDICINA
ISSN 1698-9465

2017
Vol.1 No.1:10

Neurological Science Journal 

© Under License of Creative Commons Attribution 3.0 License 

References
1	 Wen ZW, Lu C, Lin HZ, Li YY, Zhang YF (2017) A Short Glance at the 

Role of Olfaction in Depression. Archives of Depression and Anxiety 
3: 55-57.

2	 Sartorius N (2001) The economic and social burden of depression. 
Journal of Clinical of Psychiatry 15: 8-11.

3	 Lu C, Li QQ, Li YY, Lin HZ, Qu J, et al. (2017) Light deprivation produces 
distinct morphological orchestrations on RGCs and cortical cells in 
a depressive-like YFP-H mouse model. Neuroscience letters 659:  
60-68.

4	 Zhang Y-F, Li QQ, Qu J, Sun CM, Wang Y (2017) Alterations of motor 
cortical microcircuit in a depressive-like mouse model produced by 
light deprivation. Neuroscience 341: 79-94.

5	 Pena CJ, Kronman HG, Walker DM, Cates HM, Bagot RC, et al. (2017)
Early life stress confers lifelong stress susceptibility in mice via ventral 
tegmental area OTX2. Science 356: 1185-1188.

6	 Lu C, Wang Y, Zhang YF (2016) Light deprivation produces a sexual 
dimorphic effect on neural excitability and depression-like behaviour 
in mice. Neuroscience letters 633: 69-76.

7	 Gonzalez MM, Aston-Jones G (2008) Light deprivation damages 
monoamine neurons and produces a depressive behavioural 
phenotype in rats. Proceedings of the national academy of sciences 
105: 4898-4903.

8	 Lu C, Lin HZ, Li YY, Zhang YF (2017) Light deprivation: An efficient way 
in inducing depression-like behaviour animal models. Research and 
review insights 1: 1-3.

9	 Lu C, Li YY, Lin HZ, Zhang YF (2017) Depression: Abnormality in Neural 
Circuits. Annals of Psychiatry and Mental Health 5: 1115.

10	 Lu C, Lin HZ, Li YY, Zhang YF (2017) Making room for specific molecules 
in the treatment of depression. Scientific Journal of Depression & 
Anxiety 1: 20-22.

11	 Lu C, Li QQ, Li YY, Wang Y, Zhang YF (2016) A Short Glance at the 
Neural Circuitry Mechanism Underlying Depression. World journal 
of neuroscience 6: 184-192.

12	 Li K, Zhou T, Liao L, Yang Z, Wong C, et al. (2013) βCaMKII in lateral 
habenula mediates core symptoms of depression. Science 341: 
1016-1020.

13	 Lawson R, Nord C, Seymour B, Thomas D, Dayan P, et al. (2017) 
Disrupted habenula function in major depression. Molecular 
psychiatry 22: 202-208.

14	 Seo J, Zhong P, Liu A, Yan Z, Greengard P (2017) Elevation of p11 
in lateral habenula mediates depression-like behavior. Molecular 
Psychiatry.

15	 Sartorius A, Kiening KL, Kirsch P, Von Gall CC, Haberkorn U, et al. 
(2010) Remission of major depression under deep brain stimulation 
of the lateral habenula in a therapy-refractory patient. Biological 
psychiatry 67: e9-e11.

16	 Winter C, Vollmayr B, Djodari-Irani A, Klein J, Sartorius A (2011) 
Pharmacological inhibition of the lateral habenula improves 
depressive-like behavior in an animal model of treatment resistant 
depression. Behavioural brain research 216: 463-465.

17	 Gill MJ, Ghee SM, Harper SM, See RE (2013) Inactivation of the 
lateral habenula reduces anxiogenic behaviour and cocaine seeking 
under conditions of heightened stress. Pharmacology Biochemistry 
and Behavior 111: 24-29.

18	 Zhao H, Zhang BL, Yang SJ, Rusak B (2015) The role of lateral 
habenula–dorsal raphe nucleus circuits in higher brain functions and 
psychiatric illness. Behavioural brain research 277: 89-98.

19	 Hikosaka O (2010) The habenula: from stress evasion to value-based 
decision-making. Nature reviews neuroscience 11: 503-513.

20	 Mayberg HS (2003) Modulating dysfunctional limbic-cortical circuits 
in depression: towards development of brain-based algorithms  
for diagnosis and optimised treatment. British medical bulletin  
65: 193-207.

21	 Mayberg HS (2009) Targeted electrode-based modulation of  
neural circuits for depression. The Journal of clinical investigation 
119: 717-725.

22	 Sartorius A, Henn FA (2007) Deep brain stimulation of the lateral 
habenula in treatment resistant major depression. Medical 
hypotheses 69: 1305-1308.

23	 Caldecott-Hazard S, Mazziotta J, Phelps M (1988) Cerebral correlates 
of depressed behavior in rats, visualized using 14C-2-deoxyglucose 
autoradiography. Journal of Neuroscience 8: 1951-1961.

24	 Morris J, Smith K, Cowen P, Friston K, Dolan R (1999) Covariation of 
activity in habenula and dorsal raphe nuclei following tryptophan 
depletion. Neuroimage 10: 163-172.

25	 Shumake J, Edwards E, Gonzalez-Lima F (2003) Opposite metabolic 
changes in the habenula and ventral tegmental area of a genetic 
model of helpless behavior. Brain research 963: 274-281.

26	 Lecca S, Pelosi A, Tchenio A, Moutkine I, Lujan R, et al. (2016) Rescue 
of GABAB and GIRK function in the lateral habenula by protein 
phosphatase 2A inhibition ameliorates depression-like phenotypes 
in mice. Nature medicine 22: 254-261.

27	 Park H, Rhee J, Park K, Han JS, Malinow R, et al. (2017) Exposure 
to stressors facilitates long-term synaptic potentiation in the lateral 
habenula. Journal of Neuroscience 37: 6021-6030.

28	 Proulx CD, Hikosaka O, Malinow R (2014) Reward processing by 
the lateral habenula in normal and depressive behaviors. Nature 
neuroscience 17: 1146-1152.

29	 Lammel S, Lim BK, Ran C, Huang KW, Betley MJ, et al. (2012) Input-
specific control of reward and aversion in the ventral tegmental area. 
Nature 491: 212-217.

30	 Kawai T, Yamada H, Sato N, Takada M, Matsumoto M (2015) Roles 
of the lateral habenula and anterior cingulate cortex in negative 
outcome monitoring and behavioural adjustment in nonhuman 
primates. Neuron 88: 792-804.

31	 Lecourtier L, DeFrancesco A, Moghaddam B (2008) Differential 
tonic influence of lateral habenula on prefrontal cortex and nucleus 
accumbens dopamine release. European Journal of Neuroscience 
27: 1755-1762.

32	 Williams ZM, Bush G, Rauch SL, Cosgrove GR, Eskandar EN (2004) 
Human anterior cingulate neurons and the integration of monetary 
reward with motor responses. Nature neuroscience 7: 1370-1375.

33	 Stamatakis AM, Jennings JH, Ung RL, Blair GA, Weinberg RJ, et al. 
(2013) A unique population of ventral tegmental area neurons 
inhibits the lateral habenula to promote reward. Neuron 80: 1039-
1053.

34	 Bianco IH, Wilson SW (2009) The habenular nuclei: a conserved 
asymmetric relay station in the vertebrate brain. Philosophical 
Transactions of the Royal Society of London B: Biological Sciences 
364: 1005-1020.


